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TheScientist

EXPLORING LIFE, INSPIRING INNOVATION

Lederberg J, McCray A. 2001. Scientist 15:8-10.
‘Ome sweet’ omics — a genealogical treasury of words.

o

7 () = Bir seyin biitiinii
Joshua Lederberg
(1925-2008)

Nobel Odiilii 1958

Bakteri genetigi, " m iCI‘O b i O me"
K/Iaalgrz};alzizas;m formlari Vicudumuzu tam olarak
O ersites paylastiimiz ancak saglik ve hastalik
?(;;?Z?jglcUkler belirleyicileri olarak gbz ardi ettigimiz
kommensal, simbiyotik ve patojen
“basit, kulaga hos gelen, mikroorganizmalar ekolojik toplulugu

sade, hatirlatic, cekici”

G.Kiulekgi
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Human Microbiome Project
Insan Mikrobiyom Projesi é T

Y
g St

Mikrobiyom terimi,
saglik ve hastaligin
tam olarak
anlasilabilmesi

bizimle yasayan
mikroorganizmalar ve

insan vucudunun

bir "superorganizma”

kompleks interaktif
sistem

olarak ele alinmasi

gorisinden dogmustur.
Metagenomik yaklasimla calisihiyor.
2007 yilinda basladi..

NIH Roadmap for Medical Research

International ah Microbiome Consortium

nstitutes of Health Research

Canadi ,

adian Microbiome Initiative
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http://nihroadmap.nih.gov/
http://www.human-microbiome.org/
http://en.wikipedia.org/wiki/Canadian_Institutes_of_Health_Research
http://www.cihr-irsc.gc.ca/e/39939.html

Metagenomik terimi

toprak mikrobiyotasinin dogal yapisi
toplam genetik kompozisyonu
tanimlamak icin

Toprak, antibiyotik ve direng genlerinin kaynagi

. (7 Metagenomik ve kultlre dayali
Jo Handelsman oncl calisma

Dept Plant Pathology, Univ Wi in-Madi . .-y = . . .
T e, T TR yeni antibiyotiklerin kesfi ve
antibiyotik direncine yeni anlayis

Handelsman J, Rondon MR, Brady SF, Clardy J, GoodmanR M.
Molecular biological access to the chemistry of unknown soil microbes:

A new frontier for natural products. Chem Biol 1998: 5(10): R245-9.

G.Kiulekgi



HANDELSI\/IAN LAB

http://www. yalew

John Holdren swears in Jo Handelsman, July 2, 2014

In July 2014, President Obama appointed
Prof. Handelsman as Associate Director for
Science in the White House Office of
Science and Technology Policy (OSTP).

During her time at the White House, her lab at Yale
will continue to function.
She plans to return to her lab in January 2017.

G.Kiulekgi



Metagenomik inceleme

“kaltar yapmaya gerek olmadan
dogrudan dogal bolgelerinden alinarak bir biitiin olarak
mikrop topluluklarinin genomlari= metagenom incelemesi”

Chen Kevin, Pachter Lior.
Bioinformatics for whole-genome shotgon sequencing of microbial communities.
PLoS Comput Biol 2005;1 (2):e24

and Computer Science
Univ California Berkeley

computational biologist

G.Kiulekgi



Olsen GJ, Lane DJ, Giovannoni SJ,
Pace NR, Stahl DA (1986) :

Ann, Kev, Microbiol, 1986, 40.337-65
Copyright @ 1086 by Ansal Reviews Inc. All rights reserved

Microbial ecology and evolution: A
ribosomal RNA approach.

MICROBIAL ECOLOGY AND
EVOLUTION: A RIBOSOMAL RNA  anny Rev Microbiol 40: 337-365
APPROACH

CONTENTS
INTRODUCTION .. PSPPI . .
. . . MOLECULAR PHYLOGENY AND MICROBES ..o oo 338
Gary J. Olsen, David J. Lane, Stephen J. Giovannoni, and Ribosomal RNAs as Indicators of Phylogeny oo, 138
Analysiz of Population Conteris by Hlbc:'.sma.f R.'\-'ﬂ Encqm'm:f.r [ L 1 |
Nﬂﬁﬂﬂﬂ K. Pﬂff INFERRING RELATIONSHIPS FROM MOLECULAR SEQU'EN{ES................... 2
Meithods ?‘Pﬁ}'fﬂgﬂﬂif Tree Inference .. 342
. . . . , Distance Matrix Method of P!r}\l'ageuenc Tree fn_fe:mce 344
Department of Biology and Institute for Molecular and Cellular Biology, University of Alternatives to Phylogenetic Trees ........... : 348

. " 1 RIBOSOMAL RNA SEQUENCE D)\TA B.ASE
Indiana, Bloomington, Indiana 47405 Currenily Available Data Collections..

Rapid Determination of Additional Flii' rR,'h'A .‘;eq:.-errces

NATURAL POPULATION ANALYSIS .. PR 1.1 |

ngldanam Inspected... gg!

' 55 rRNA Analysis... 3

Dawvid A. Stahl Papulation Analysis by 165 Ribosomal RNA Genes .. S
IN SITU HYBRIDIZATION FOR COUNTING AND IDENTIF"l"IhE

. . N . . ORGANISMS .. e 350

Department of Veterinary Pathobiology, University of Illilinms, Urbana, linois 61801 SUMMARY AND BUTURE PROSPEGTS. e

G.Kiulekgi



Cevresel drneklerden dogrudan rRNA gen calismalari, kiiltlir calismasinin

bir drnekteki bakteri ve arke tirlerinin < %1 saptadigini gosterdi.

Jourrrsar oF BacTERIoLOGY, Sept. 1998, p. 47654774
D02 1-01 9398504+ 0

Copyright © 1998, American Society for Microbioklogy. All Righis Reserved.

MINIREVIEW

Impact of Culture-Independent Studies on the Emerging
Phylogenetic View of Bacterial Diversity
PHILIF HUGENHOLTZ, BEETT M. GOEBEL. T anp NORMAN R. PACE*

Vol 180, Mo, 18

1998

Departments of Plant and Microbial Biology and Molecular and Cell Biology,
University of Caltfornia, Berkeley, Berkeley, Califormia 94720-3 102

INTRODUCTION

Our perspective on microbial diversity has improved enor-
mously over the past few decades. In large part this has been
due to molecular phylogenetic studies that objectively relate
organisms. Phylogenetic trees based on gene sequences are
maps with which to articulate the elusive concept of bindiver-
sity. Thus, comparative analyses of small-subunit rfRNA (165
or 185 rRNA) and other gene sequences show that life falls
into three primary domains, Bacrena, Evcana, and Archaea
(51, 52). Based on tRNA trees, the main extent of Earth's bio-
diversity s microbial. Our knowledge of the extent and char-
acter of microbial diversity has been limited, however, by reli-
ance on the study of cultivated microorganisms. It i1s estimated
that =%9% of microorganisms observable in nature typically
are not cultivated by using standard techniques (1).

Recombinant DNA amd molecular phylogenetic methods
have recently provided means for identifying the types of or-
ganisms that occur in microbial communities without the need
foor emltvation feee referenees 1 0 and 35 for revieaws Re-

sions™: we use the latter term. For the purposes of this review
we define a bacterial division purely on phylogenetic grounds
as a lineage consisting of two or more 165 rRNA sequences
that are reproducibly monophyletic and unaffiliated with all
other division-level relatedness groups that constitute the bac-
teral domaim. We judge reproducibility by the use of multiple
tree-building algorithms, bootstrap analysis. and varying the
composition and size of data sets used for phylogenetic anal-
yvses. The typical interdivisional rENA sequence difference is
20 to 25%. For comparison, the 165 rRNAs of Excherichia ool
and Pseudomonas aeruginosa, both representatives of the v
group of Proteobacteria, differ overall by about 15%: the 165
rRMNAs of E colf and Bacillus subtlis (“low-G+C gram-posi-
tive bacterial™ division) differ by about 239

At the current stage in the phylogenetic classification of
Bactersa, divisions are not consistently named or taxonomically
ranked. rRMNA-defined divisions are identified by classes (e.g..
FProteobactena [41)] and Actinobacteria [42]), orders (e.g.. Ther-
motogales and Aquificales), families (e.g.. Chlorobiaceas), pe-

G.Kiilekgi



Insan Genom Projesi 2001 sonrasi
Post-genom ¢agi
genom-proteom bilgileri

MIKROBIYOMIK

metagenomik, metabolomik, proteomik ve transkriptomik

Human genome

- . 23,000 genes
Human microbiome S

1,000,000+ genes

Mikroorganizmalar, insan genomunu yaklasik 100 kat cogaltir !

G.Kiilekgi


http://mpkb.org/_detail/home/pathogenesis/proal2009ica.003.png?id=home%3Apathogenesis%3Amicrobiota

Medical Hypotheses 74 (2010) 214-215

Contents lists available at ScienceDirect

Medical Hypotheses

journal homepage: www.elsevier.com/locate/mehy

Editorial

The human superorganism - Of microbes and men ; o . .
Insan, gercek degerini

self=kendinden ozgurlestigi derecede bulabilir’

ARTICLE INFO SUMMARY

Article history: Albert Einstein once said that "The true value of o human being can be found in the degree to which he has - \ -

Received 11 August 2009 attained liberation from the self". For years our traditional view of 'self was restricted to our own bodies;

Accepted 14 August 2009 composed of eukaryote cells encoded by our genome. However, in the era of omics technologies and sys-
tems biology, this view now extends beyond the traditional limitations of our own core being to include

NATURE|Vol 44118 May 2006 ESSAY

Time for a change WAZE'S

\ 4 il B

Prokaryote: gene-sequence comparisons show the tree of life consists of bacteria, eukarya and archaea. Homo anaerobacteriens

The use of the term 'prokaryote’ fails to recognize that an ideaabout life's origins has been proved wrong.

Norman R. Pace Special Seminar Bacteria
Dr. Norman R. Pace
Distinguished Professor
Department of Molecular, Cellular and Developmental Biology
University of Colorado, Boulder

Metagenomics and the Tree of Life

v

Origin Eukarya

Tuesday, October 6t, 2015
1.30 pm
Genome and Biomedical Science Facility (GBSF) 1005

Host: Jonathan Eisen (jacisen@ucdavis.edu)
Pace Lab Web site: http://pacelab.colorado.edu

Archaea
Sequence change

G.Kiilekgi



508 proteins

23S rRNA ; Large
subunit

16S rRNA

Molekiiler kronometre
Carl Woese, 1977

H40

(1 1.6‘3-1 173) 30S proteins &
H32 gt gl rer etk

Prokaryotik yasamin
icinde her yerde

Sabit,
degisebilir ve
cok degisebilir

Cok degisken
bolgeler V1-V9

V8.1

» . (1357-1365) ..
Degiskenlik, y  H43 bélgeler
benzer tlrlerin ayirt
edilmesine olanak verir

H44

Cins ve tlr
dlizeyinde tanimlama

CONSERVED REGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applications
G.Kiilekgi



Yasamin evrensel soy agagi

Bacieraides

ARKAELER N Spiraketier

. Memn::ll: rmomr/T
pomain | Arkae,Bakteri,Okaryot pl

Bolum / Alem e

TV Ni ( N\ TT/ \
BKARYOTLAR / \\/ A%
Cillmes

Mantariar

* Haywvanlar

Sinif o
£ oréer ) Takim Operasyonel
((Famy ) Aile Taksonomik Unite (OTU)
cins 16S rRNA sekanslarinda
) <%1 / <% 3 / <%5 farkhlik tanimi
Tur Ayirt edilen en kuigik filogenetik birim
_ Filotip
TAKSONOMI 16S rRNA sekanslamada
Fenotipik : Morfolojik ve biyokimyasal %97 sekans benzerliginde toplananlar
benzerliklere gére
Genotipik : Genetik benzerliklere gore Tur
Evrimsel / Filogenetik : o . .
16S rRNA niikleotid sekansina gore >%70 DNA_DNA hom oI(?]|S|ne sahip
Polifazik : Eeno+Geno+Filo 16S rRNA sekans dzellikleri % 2-3 farkl

G.Kiulekgi


http://en.wikipedia.org/wiki/File:Biological_classification_L_Pengo_vflip.svg

Metagenomik yaklasim

o Bir laboratuvarda Uretilen tek bir bakteri susu genomunun
incelenmesi yerine

dogal cevrelerinden alinarak bir biitiin olarak
mikrop topluluklarinin genomlarinin incelenmesidir.

e BoOylece ekosistemlerin
karmasik mikrobiyotalarin kompozisyonlari,
evrimsel ve fonksiyonel / metabolik ozellikleri
yonunden sorgulanmasidir.

G.Kiulekgi



Araniyor : Olii ya da Canli !

Insan Agiz Mikrobiyom Projesi
Yardiminizi Bekliyor !!!

NE YAPIYORLAR ?
Fonksiyonel
metagenomik

ORADA KIM VAR ?
Topluluk profili
Filogenetik calisma

Amac : Daha iyi bir veritabani olusturmak

G.Kiulekgi
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G.Kiilekgi
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Topluluk profili icin

16S rRNA cok degisken
bolgelerinden PCR ile amplifiye
edilerek sekanslanir,

DNA orneklerinin yuksek kalite ve
yeterli miktarda olmasi gerekir.

Oldukca benzer sekanslar,
operasyonel takson uniteleri =0OTU
olarak gruplanir.

Yuksek kaliteli sekans eldesi icin
filtrelenir ve insan DNA
kontaminasyonu kaldirilir.

Filtrelenen sekanslar birlestirilir,
cakisan sekanslardan kontigler
olusturulur.

Bilinen 16S veri tabanlarinda
karsilastirilarak cesitlilik ve
bolluk saptanabilir.

Yakin iligkili olanlar, salt belirleyici gen
sekanslarina gore ayirt edilemez.

Tum mikroorganizmalar, bilinen
16S rRNA genler veri tabanlarinda
yoktur.

Belirleyici genlerln cok degisken
bolgelerinde yeni degisiklikler,

yeni turleri gosteriyor olabilir.

Profil, klinik faktorler / hasta bilgileri
ile baglantl gosterebilir.

16S rRNA gen sekanslari, 6rnekte
filogenetik cesitlilik analizi icin
saklanabilir.

G.Kiulekgi



Topcuoglu N, Kiilekci G. Tiikiirilk mikrobiyota karsilastirmasi
Bakteriyel metagenomik -Illumina Miseq sisteminde 2x300bp okuma -
Bakteri DNA'larina ait 16S V5-V6 gen bolgesi sekanslari ve taksonomik birimleri

m o o
8 2 3 P p P

T e F R 2 8

OTU tablosu- filum

Unassigned;Other
k__Bacteria;p__Actinobacteria
k__Bacteria;p__Bacteroidetes
k__Bacteria;p__Chlamydiae
k__Bacteria;p__Chloroflexi

<t
p¥4

m
h%4

k_ Bacteria;p__Cyanobacteria
k__Bacteria;p__Firmicutes

k_ Bacteria;p__Fusobacteria
k__Bacteria;p__GNO2

=l
b4

k Bacteria;p OP11
k_Bacteria;p__Planctomycetes
k_ Bacteria;p__Proteobacteria
k_ Bacteria;p__ SR1
k__Bacteria;p__Spirochaetes
k__Bacteria;p__Synergistetes
k__ Bacteria;p__ TM7
k__Bacteria;p__Tenericutes

Y=l r~
-4 %4

= IRLNRNNNND

saghkli, T hasta

¢

Y,
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OTU tablosu-orneklerin icerdikleri taksonomik birimler, cins diizeyine dek gorsellestirildi.

Okuma sayisi 90.000= 1,7 milyon DNA fragmani sekans bilgisi

Sekanslar 16 filuma ait 937 farkli operasyonel taksonomik tGnite =0TU karsilig
Goreceli miktari >%o01 olan 6 filuma ait 80 OTU belirlendi.
Alfa gesitlilik, hasta grubunda saglikli gruba gore daha glUsUk ge§itlililgte (p<0.001)

k__Bacteria;p__Bacteroidetes;c__Bactercidia;o_ Bacteroidales;f_Bacteroidaceae;y Bacteroides
k__Bacteria;p__Bacteroidetes;c__Bactercidia;o_ Bacteroidales;f__Porphyromonadaceae;g  Paludibacter
-k_Banteria;p_Bamemide*tes-;n_EIacteruidia:u_Bacterc-idales;f_Pnrphymmnnadaceae:g Porphyromonas
- k__Bacteria;p__Bacteroidetes;c__Bactercidia;o_ Bacteroidales;f_Porphyromonadaceas;g  Tannersllz
k__Bacteria;p__Bacteroidetes;c__Bactercidia;o_ Bacteroidales;f_ Prevotellaceas;p  Prevotella
-k_Ban'teria;p_BactemidE‘tes;::_Elacteruidia:u_Bactemidales;f_RikEneIIaceae;g Blvii2g
- k__Bacteria;p__Bacteroidetes;c__Bactercidiz;o_ Bacteroidales;f__[Barnesisllaceas];g
-k_Ban'teria;p_Bar:teroidEtE-E.;n_EIacteruidia:u_Bacteroidales;f_[Paraprevotella{w_nae];g [Prevotells
- k__Bacteria;p__Bacteroidetes;c__Flavobacteriia;o__ Flavobacteriales;f__Flavobacteriaceas; Other
-k_Bantpria;p_Ban'teroidEtEE.;n_FIavubacteriia;n_FIavuhacteriales;f_FIa\rnba{:'teﬁa{beae;g Capnocytophapa
-k_Bantpria;p_Ban'teroidEtEE.;n_FIavubacteriia;n_FIavuhacteriales;f_FIa\rnba{:'teﬁa{beae;g Flavobacterium
- k__ Bacteria;p__Bacteroidetes;c__Flavobacteriia;o_ Flavobacteriales:f__[Weeksellaceae]g
-k_Ban'teria;p_Bar:teroidEtE-E.;n_FIavubacteriia;n_FIavuhacteriales;f_[‘lfdeeksellaceae]:g Chrysechacterium
-k_Ban'teria;p_Bar:teroidEtE-E.;n_FIavubacteriia;n_FIavuhacteriales;f_[‘lfdeeksellaceae]:g Cloacibacterium
- k__Bacteria;p__Chlamydize;c_ Chlamydiiz;o__Chlamydiales;f__Rhabdochlamydiaceae;g  Candidatus Rhabdochlamydia
I - Eacteriz;p_ Chloroflexi;c_Anasrolineze;o__Anaerolinealss:f__Anasrolinzcese;g  SHD-234
- k__Bacteria;p__Cyanobacteria;e_ 4C0d-2;0_ MLE1-12F_;gp
k__Bacteria;p__Cyanobacteria;e_ Chloroplast;o_ Streptophyta:f__p
k__Bacteria;p__Firmicutes;c__Bacilli;Other; Other; Other
k__Bacteria;p__Firmicutes;c__Bacilli:o__Bacillales;f__Bacillaceas;g  Geobacillus
P «_ Bacteriz;p_ Firmicutes;c__ Bacilli:o__Bacillales:f__Planococcaceas:g
-k_Bal::teria;p_Firmicmes;n_ElaciIIi;o_Elar.iIIales;f_&taphylumccaceae:g Staphylococcus
P - Bacteriz;p_ Firmicutes;c_ Bacilli:o__Gemellales;Other; Other
P k& Bacteriz;p_ Firmicutes;c__ Bacillizo__Gemellales;f_Gemellaceas;Other
k__ Bacteria;p__Firmicutes;c_ Bacilli;o_ Gemellales;f__Gemellaceas;g

k__ Bacteria;p__ Firmicutes;c_ Bacilli;o_ Gemellales;f_Gemellaceas;g  Gemella
k__ Bacteriz;p__Firmicutes;c_ Bacilli;o__Lactobacillales;Other; Other
k__Bacteriz;p__ Firmicutes;c__Bacilli;o__Lactobacillales;f__Aerococcaceae; Dther
[ & Bacteriz;p_ Firmicutes;c__ Bacilli:o__Lactobacillales;f__Carnobacterizceae:Other
k__Bacteriz;p_ Firmicutes;c__Bacilli;o__Lactobacillales;f__Carmcbacteriaceae;g  Granulicatella
k__Bacteria;p__ Firmicutes;c__Bacilli;o__Lactobacillales;f_Lactobacillaceae;p  Lactobacillus
I © Bacteria:n  Firmicutes:c  Bacillio  Lactobacillales:f  Streotococcaceae:Other
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Fonksiyonel metagenomik icin

Total DNA sekanslanir ve
bilinen genom veri tabanlarinda
tim mikroorganizmalar icin
aranabilir.

Insan DNA kontaminasyonu,
sekanslama sonrasi bilisimsel
yontemle kaldinlmahdir.

Insan konak DNA
kontaminasyonundan kaginma

onemlidir: Ozelikle gara
orneklerinde ~ % 90
islem daha maliyetli olabilir.

Sekanslar genler, yollar ve
fonksiyonel analizi icin bilinen
proteinlerle karsilastirilir.

Veri tabanlarinda tim mikrop
genomlari olmadigindan

her cesit mikroorganizma icin
arama yapmak zordur.

Yeni turler ve fonksiyonlar
belirlenebilir.

Bakterilerin adlar1 yaninda
antibiyotik direncleri ve
virulans faktorleri saptanabilir.

Topluluk, fonksiyon ve klinik
faktorler / hasta bilgileri ile
baglanti gosterebilir.

G.Kiulekgi
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Kayit, Istatistik Analiz

e Annonation =
aciklama, dip notlari

o
0zel genler / metabolik yollarin

saglk / hastalikla iliskisine
aciklik getirecektir.

e Ornek toplanan kisi sayisi,
islemdeki degisiklik,
toplama bdlgesi,
degisikliklerin timu ve
yeterli sekans yorumu
yer almalidir.

Guclu istatistik analiz esastir.

Gittikce artan buyudk veri kiimeleri
daha cok depolama kapasitesi ve
daha hizli transfer gerektirdiginden
gerekli hesaplama analiz miktari da
artacaktir.

Bu konudaki tikaniklik yeni
sekanslarin uygun tanimlanmamis
ya da yeni genlerin veritabaninda
olmamasidir.

Yeni algoritmalar gelistirilmektedir.

G.Kiulekgi



Klinik metagenomikte patojen tanimlama

'Samanlikta igne arama”

SAMANLIKTA IGNE ARAMA
EKIBI GELDI.. OLAYA EL
KOYACAKLAR

Demedim mi "samanlikta igneyi bulurum” diye

Rose G, Wooldridge D], Anscombe C, Mee ET, Misra RV, Garbia S.
Challenges of the unknown: clinical application of microbial metagenomics.
Int J Genomics 2015; 2015: 292950.

G.Kiulekgi



Deney sonrasi hipotez yontemi

Geleneksel olarak hipotez uzerinden arastirma yerine

omik deneyleri ile
genom, proteom ve metabolom verilerinin
- kisa stirede bol , hatta asir1 miktarda -
“sistem duzeyinde” eldesiyle

deney sonrasi hipotez yontemi ile
saglik, hastalik, risk, tani ve tedavi kavramlari
onemli degisiklige ugramis ve ugramaktadir.

G.Kiulekgi



Computational thinking nedir?

Bilisimsel / Bilgisayarli / Hesaplamaci dusunme

e Problemleri, bilgisayar veya diger araglarla
cozmeye yonelik olarak formule etme,

e Verileri mantiksal olarak organize ve analiz
etme,

e Verileri model ve similasyonlar gibi somut
bicimlerde sunma,

. AI%;_ori_tmik distnme ile otomatik ¢oziimler
gelistirme,

e  Muhtemel ¢c6ziimleri tanimlarken, analiz
ederken ve uygularken kaynaklari ve ¢oziim
yollarini en etkili ve verimli bir sekilde segmeyi
amaclama,

e Problem ¢6zim surecini gesitli problemlere
genelleme ve transfer etme, uyarlama.

Communication
& Collaboration

Hesaplamal biyoloji
Canhligin matematiksel modelleme, bilgisayar

Research &

iy : mmlf‘ﬁ;sm e similasyonlari ve veri analiz teknikleri ile
Standards " bilgisayar ortaminda yaratiimasidir.

D cmamions o Students
Problem-Solving &
* Decision-Making

Interdisipliner- biyoloji, organik kimya ve
bilgisayar mihendisligi icerir.

G.Kiulekgi
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Yeni algoritmalar = Diagnostik metagenomik

Eren AM, Borisy GG, Husec SM, Mark JL, Welcha M. (2014) :

Oligotyping analysis of the human oral microbiome.
www.pnas.org/cgi/doi/10.1073/pnas.1409644111

NATIONAL
GEOGRAPHIC

Bu analiz, ONEM|

tek bir rRNA _ Bl
niikleotid kadar Yeniden analiz icin

kicuk'fark'gosteren  Informatik teoriye
organizmalari dayanan bir
habitatlar ya da computational

The Microbes in Our Mouths I?Ireyle_r__ar?smda yaklasim kullandik !
Researchers have invented a new way to onem I| OIgUde fa rk“

measure the diversity of microbes. By daélhmla rla ag|k|ad| I

Carl Ztmmer

Eren AM et al. (2015): Minimum entropy decomposition. ISME Journal 9:968.

https://bilimkazani.orq/2014/07/03/bolum-16-mikroplara-fisildayan-adam/
G.Kiulekgi



http://www.pnas.org/cgi/doi/10.1073/pnas.1409644111
https://bilimkazani.org/2014/07/03/bolum-16-mikroplara-fisildayan-adam/
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for 'omics % ““““
data
~ -~ Contigs HMM Scanner ORF Finder Basic stats
Eren AM et al (2015) : Peer 13:e 1319 & | : 0+ i+
. . . m Merged Profile DB Human-guided Binning
Oligotyping aksine, MED= o B % 3
Minimum entropy decomposition,
yuksek verimli sekanslama fa e Bt
okumalari arasindaki R @ 2 3oy
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T erged prone D [ Cotecien |
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http://merenlab.org/data/

S NIH Public Access

- ' Author Manuscript

Published in final edited form as:
Environ Microbiol Rep. 2014 December ; 6(6): 696—704. doi: 10.1111/1758-2229 12189

Blautia and Prevotella sequences distinguish human and animal

fecal pollution in Brazil surface waters Blaut|a' anaerOp
Amber M. Koskey', Jenny G. Fisher', A. Murat Eren?, Rafael Ponce Terashima®, g ra m +’ ha re ketSiZ kOk

Mitermayer G. Reis*, Ronald E. Blanton?, and Sandra L. McLellan'.”

TUniversity of Wisconsin - Milwaukee, School of Freshwater Sciences, 600 E. Greenfield Ave,
Milwaukee, W1 53204, USA

2The Josephine Bay Paul Center, Marine Biological Laboratory, 7 MBL Street, \Woods Hole, MA,
02543, USA

3Center for Global Health and Diseases, Case Western Reserve University, Cleveland, Ohio

Birlikte evrim
The ISME Journal (2015) 9, 90-100

2015 International Society for Microbial Ecology
ORIGINAL ARTICLE

A single genus in the gut microbiome reflects host
preference and specificity

A Murat Eren', Mitchell L Sogin®, Hilar;.f G Morrison?, Joseph H Vineis', Jenny C Fisher?,
Ryan | Newton? and Sandra L. McLellan

Josephine Bay Paul Center, Marine Biological Laboratory, Woods Hole, MA, USA and *School of Freshwater
Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI, USA

Delineating differences in gut microbiomes of human and animal hosts contributes towards
understanding human health and enables new strategies for detecting reservoirs of waterborne
human pathogens. We focused upon Blautia, a single microbial genus that is important for nutrient

G.Kiulekgi



E M B L :E:E:E::: European Molecular EBI MEtagenOmlk

HHHH Biology Laboratory

*elsasest (European Bioinformatics Institute)
Analiz Pipeline=Hatti

{ faw reads Kalite kontroll, Ozellik (RNA ve protein),
I fonksiyon ve taksonomi tahmin adimlari
trim and QC . -

processed https://www.ebi.ac.uk/ metagenomics/
remove short | —*

reads
remove duplicates | reads
rRNAselector — without
| rRNA
discarded rvev?ﬁ.s l dicted
reads I'RI\I A l FragGeneScan — pr%[;cse
: Unknown
(+ Amplicon ; :
Qiime InterProScan — function
based data) pCDS

y L L p L %

Taxonomic | Function

~ analysis | | assigned |




Pipeline (boru hatti) Nedir?

verilerin iletildigi hatlar

p——

islenen verilerin
bir islem biriminden digerine dogrudan ve dizisel bicimde
aktarildig: ve her asamada paralel olarak verilerin islendigi
aygit / calisma bicimidir.

G.Kiulekgi



En fazla kullanilan veri tabani
NCBI -The National Center for Biotechnology Information

SRA kisa okuma arsivi

Sequence Read Archive (SRA) makes biological sequence data available to the research community to
enhance reproducibility and allow for new discovenes by comparing data sets. The SRA stores raw

sequencing data and alignment information from high-throughput sequencing platforms, including Roche
| 454 GS System®, lllumina Genome Analyzer®, Applied Biosystems SOLID System®, Helicos
! Heliscope®, Complete Genomics®, and Pacific Biosciences SMRT®.

2014 sonunda tam genom sekanslamasi
> 1 petabyte(PB) =1 katriyon

v

Yeni nesil sekanslama
Orta ve kiuclik caph arastirma aIanIarlna

-Klinik Laboratuvara kaydi -
halk saghgi mikrobiyolojisi icin blytk umut

MiniSeq System

Eyre DW, Golubchik T, Gordon NC, et al. A pilot study of rapid benchtop sequencing of
Staphylococcus aureus and Clostridium difficile for outbreak detection and surveillance.

2012;2(3): e001124.

G.Kiulekgi




Metagenomik

hizli ve yuksek ciktili yeni nesil teknolojilerinin
yasama gecirilmesiyle devrim niteliginde
kiltlirden bagimsiz bir tani yaklasimidir.

Yeni nesil sekanslamada
milyon / milyarlarca DNA
sekansi paralel olarak sekanslanir
boylece

onemli miktarda islem hacmi olusur !

G.Kiilekgi



Gunumuzde en populer sekanslama cihazlari

Illumina , Roche ve Life teknolojilerine ait Uc¢ tip sekanslama platformu

Illumina Hiseq
fiyat avantajl ile gok sayida ornek sekanslamasina uygun

Roche 454

en uzun okuma montaji ile karmasik genomlu turleri sekanslamaya uygun
maliyeti en yiksek

Ion Proton

sekanslama sonucu en kisa slirede ancak bilgi ciktisi Hiseq'den daha az
az sayidaki klinik 6érnekler icin uyugun

G.Kiulekgi



Hangi platform kullanilirsa kullanilsin
sekanslama maliyeti son on yil icinde inanilmaz bir hizda dusmustiir !

Bacteria Archaea Eucarya
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A multi-omic future for microbiome studies
Nature Microbiol 1(5):16049 April 2016

Metatranskriptomik —genlerin RNA'ya eksprese edilmesi
Metaproteomik —protein cevriimesi
Metabolomik —metabolitlerin 6zel kosullar altinda varligi ve inip cikmasi

Farkli omik yaklasim sonuclari birlestirilerek
karmasik mikrop topluluklarin
yeteneqi
ve
sistemde olusan fonksiyonel olaylar

daha iyi anlasilabilecek !
G.Kiulekgi



Oxygen @ Colonocytes
Gradient

Mucus

—e Transition Zone Gut
Lumen

Fecal cylinder

IBD-mikrobiyom iliskisi:
Faecalibacterium prausnitzii
gram +, oksijene asiri duyarl,

anaerop kosullarda bile kultirt zor
kommensal bakteri-

intestinal saglik sensori
Azalirsa anti inflamatuvar bakteri

Chron hastaligi, obesite, astma varligi mikrobiyotanin >%5
Major depresif sendromla iliskili !
Diyet liflerinin fermentasyonu ile
biitirat ve diger kisa zincirli yag
asitleri sentezler.

Khan MT, et al. The gut anaerobe Faecalibacterium prausnitzii uses an extracellular electron shuttle to grow

at oxic-anoxic interphases. ISME J. 2012 Aug;6(8):1578-85. G.Kiilekgi
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Xenobiotic degradation & metabolism

Jorth P, Turner KH, Gumus P, Nizam N, Buduneli N, Whiteley
oral microbiome during health and disease. mBio5 (2): e01012-14.
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Dynamic Phenotypes and Personalized Omics

Kisisel Tip
New Topics for the Functional Ki§iSE| Di§ hEkimIigi

Medicine Practitioner

SYSTEMS APPROACH TO HEALTH

Metagenomik incelemenin farkh omik yaklasimlarla birlikteligi
multi-omik teknoloji,

salt mikrobiyomu olusturanlar degil-
biyolojik etkilesimler Uzerinden

topluluk olarak nasil yasadiklari ve ortami nasil etkiledikleri
ve bu olaylarin zamanla nasil degistigini

“molekuler ekosistem biyolojisi” olarak ele alr.

Kisisel tip ve dis hekimligi yolunun acilmasi ve ilerlemesine katkisi var |
G.Kiulekgi



Microbial Clock: Diseases

Mother/Newborn

Aged Care
Nursing Homes

. Daycare Center
Dementia

Cognitive Skills

Cancer/Tumors

Microbial Clock: Migratory Microbe

skin (Fusoba um nucleatum)

Gut
Vaginal
Osteoporosis

Colorectal Cancer Oral Health

Adult Adolescent
Diabetes
37.5 Obesity
Cifte vatandashk

Periodonta

Simpson KT, Thomas J G. Curr Oral Health Rep (2016) 3:45-55
Oral Microbiome: Contributions to Local and Systemic Infections
G.Kiilekgi



DUYARLI KONAK

periodontal cep-subgingival plak biyofilmi,
iltihapl dis eti, kemik resorpsiyonu

immunoregiilatér bozukluklar
immun yetmezlikler
sistemik hastalik, obezite, sigara igme, yaslanma,
mikrobiyal faktorler: Kilittagi patojenler,

Fusobacterium nUCIeatum immunostimulan patobiyontlar
Porphyromonas gingivali hd
a p y o o asg g a s KOMMENSALLER PATOBIYONTLAR
simbiyotik " """ttt REERREEEes disbiyotik
mikrobiyota bozulma mikrobiyota
AN
NS
Inflamatuar doku -
yikiminin besin Kompleman - PRR
) ] olarak etkilesimleri
Jorth P et al . Metatranscriptomics of the human kullaniimas:
oral microbiome during health and disease. AN -

mBio 2014; 5(2):e01012-14. - o

Periodontitis
<.

kemik Inflamasyon

resorpsiyonu

*PRR: Kalip Tanima Reseptdrii(Pattern Recognition Receptor)

Hajishengallis G et al. Low-abundance biofilm species orchestrates
inflammatory periodontal disease through the commensal
microbiota and complement. Cell Host Microbe 2011; 10:497-506

G.Kiulekgi



Kulturomik = Kiiltiir+MALDI-TOF MS

Kultiromik + Metagenomik

Kultiir edilebilen / edilemeyen anaeroplarin taksonomik pozisyonu,
|

tanimlanmasi, tiplendirilmesi, virulans ve direng genleri icin yardimci olacak :

Glutatyon ve askorbik asit gibi antioksidanlar iceren yeni kiltlr besiyerlerinde
zorunlu anaerop Ruminococcus gnavusve F. necrophorum a€ropP uretilebilmis

Bacteroides thetaiotaomicron 'un metronidazole duyarliigi, a€rop olarak
degerlendirilebilmistir.

e Lagier JC et al. Microbial culturomics: paradigm shift in the human gut microbiome study.

Clin Microbiol Infect 2012;18:1185-93
e Lagier JC et al. The rebirth of culture in microbiology through the example of culturomics

to study human gut microbiota. Clin Microbiol Rev 2015; 28:237-64.
e Fournier PE, Lagier JC. Et al. From culturomics to taxonomogenomics: A need to

change the taxonomy of prokaryotes in clinical microbiology. Anaerobe 2015; 73-8.
G.Kiulekgi



Kulturomik + Metagenomik

in vivo yapllanlar in V/tro aze /n"51/co ,

olarak da yapabllmeleri I'=

~

-,

-
/.

Peri-implant mikrobiyota, CDC anaerop kanli agar 103 sulandirimJtiDiStHeK Fak NT,GK

G.Kiilekgi



TM7x,-kirmizi- gok kiigiik (200-300nm) kok aminoasit biyosentez yetenegi yok !
Actinomyces odontolyticus XHO01 — beyaz — filamentoz-

Epibiont= yuzeyinde yasiyor / Parazitik faz= oldurtyor
XHO001'in makrofajlarda TNF-a yapimini indtkler- immun sipresyon

kronik inflamasyon- F ;
sindirim sistem iki faklh bakteri paraZ|t|k ® i
vaginal hastahk simbiyoz .
periodontitis o

“microbial
dark
matter”

Jeff McLean
periodontolog
Univ Washington PNAS | January 6, 2015

G.Kiulekgi



Actinobacteria
mm Corynebacterium
R Propionibacterium
B Other Actinobacteria
i 1 Bacteroidetes
nsan Firmicutes
. Loctobacillus
. B Sraphylococcus
Mikro [ Streptococcus
B. | mm Other Firmicutes
lyomiari mm Fusobacteria
s Proteobacteria
DISBIYOZ
Obesity GutMicrobiome
Metabolic Syndrome
Diabetes

C. difficile Infection
ColorectalCancer
Inflammatory Bowel
Diseases

Psychiatric Disorders

Gut stool

— Skin Mlcrobiome

Allergies -

Acne
Psoriasis
Skin antecubital fossa

Atopic Dermatitis
Ectodermal Dysplasia
Skin Cancer

Belizario, Napolitano. Front Microbiol 2015
—

Oral Microbiome
)

AR

Caries
Periodontal Diseases
Gingivitis

/ Mouth tonsils

Placenta Mlcroblome

\@

/ Placenta term birth

Pre-term Birth
Chorioamnionitis
Villitis

TORCH Infections

. Vagina Microbiome

®

Vagina

Vaginosis

Sexually Transmitted
Diseases

~ YeastInfection

N

Saglikli m|krob|yomlarda filum/sinif ve cins oranlari —hastalik ve patolojik durum iliskisi

G.Kiilekgi


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594012/figure/F1/

CLINICAL MICROBIOLOGY AND INFECTION

LM 16 SUPPLEMENT & 01 202 Yeni bir uzmanlik dali
neden olmasin ?

MIKROBIYOMOLOJI
-mikrobiyomolog-

Holobiyont

Hologenom

Microbiome: Deciphering the last human
body organ
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Hasta basi test/ Mik Lab-Klinik uyum
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Klinik mikrobiyoloji, metagenomikle
cok onemli bir yol ayrimindadir !

Pasteur tarafindan gelistirilen

klinik mikrobiyoloji standart kultdr
yontemlerinden ,

cagimizin hizli ve kapsamli
CSI = Olay Yeri Inceleme

tekniklerine gecis kacinilmazdir !

CRIME SCENE INVESTIGATION® ®gBs =
DARK MOTIVES 2 1 R

Klinik Mik Lab-Klinik uyum / Bilgi gercek zamanda ogrenilecek

Spichler A, Hurwitz BL, Amstrong DG, Lipsky BA. Microbiology of diabetic foot infections:
from Louis Pasteur to ‘crime scene investigation’. BMC Med 2015;7:13-2. G.Kiulekgi



Klinik mikrobiyoloji, metagenomikle
cok onemli bir yol ayrimindadir !

"Gentlemen: It is the microbes who will have the last word” -Louls Pasteur

"Son sozu soyleyecek olan anaeroplardir”

“Her sey bir vakti bekler”-Giilten Akin

G.Kiulekgi
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