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Mikrobiyota Calismalarimin Standardize Edilmesinin
Onemi ve Klinik Pratikteki Kullanim Alanlar:
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- Gunumuzde mikrobiyomdaki degisiklikler ile
otizmden  kansere kadar genis  Dbir
yelpazedeki  klinik durumlar arasindaki
iligkileri belirlemek icin epidemiyoloji ve
modeller kullaniimis, mikrobiyal ve
immunolojik mekanizmalar ortaya konmustur.

- Omics caginda, mikrobiyom c¢alismalari; agiz

boslugu ve bagirsagin kultire dayall
arastirmalarindan insan vilcudunun tum
ekolojik ortamlarindan mikrobiyal
biyokimyanin molekuler profillerine dogru
geniglemistir.




Insan _mikrobiyom arastirmalar_bir dizi sasirtici_bulgu ve devaminda
sorulari ortaya cikarmistir:

- Her insan, yillarca devam eden ya da nispeten hizli degisimler gosterebilen,
buyuk olgude bireysel mikrobiyal suslari tagiyor gibi gorinmektedir.

- Mikrobiyal c¢esitliligin, genellikle bagirsakta daha fazla olmasi beklenir, ancak
bu farklilik disbiyotik durumlarla da iligkili olabilir.

- Mikrobiyom, kadin ureme sisteminde ozellikle gebelikte advers olaylarda,
GIS’te enflamatuar barsak hastaligi ve diyabette bozulabilir, ancak iligkili klinik
durumlarin temelleri hentz kesfedilememistir.
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- Coklu dondurup-¢6zme islemleri

- In-house ekstraksiyon, DNA ekstraksiyonu yontemlerinin performans degiskenligi
- Coklu negatif kontrollerin dahil edilmesi cok onemlidir.

- Primer secimi (varsa degisken gen bolgesi, 16 s rRNA gen bolgesi )

- Dizileme stratejisinin (shot-gun veya amplikon dizileme)

- Elde edilen ham veri okuma sayisi, derinligi ve kapsayicilik

- Metatranskriptomik, metaproteomik veya metabolomik yapiliyorsa

- Biyoinformatik ve istatistik yontemler tanimlanmali karistirici faktorler icin kullanilan
regresyon modellemeleri agiklanmahlidir
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Abstract

Much has been learned about

e e | 1€ INtEGrative Human Microbiome

the host, and how the host re:

e Project

study these interactions by ar
disease-specific cohorts and | The [ntegrative HMP (iHMP) Research Network Consortium?*
properties. These data sets w
and analyses on the interactic
microbiome-associated hums

disease, and 2 diabetes, : - A 3 :
1sease, and type = GIabeles,  qpp o NIH Human Microbiome Project (HMP) has been carried out over ten years and two phases to provide resources,

methods, and discoveries that link interactions between humans and their microbiomes to health-related outcomes. The
recently completed second phase, the Integrative Human Microbiome Project, comprised studies of dynamic changes
in the microbiome and host under three conditions: pregnancy and preterm birth; inflammatory bowel diseases; and
stressors that affect individuals with prediabetes. The associated research begins to elucidate mechanisms of host-
microbiome interactions under these conditions, provides unique data resources (at the HMP Data Coordination Center),
and represents a paradigm for future multi-omic studies of the human microbiome.

to be collected, integrated, ar
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Characterization of the microbiomes Characterization of microbiome and
of healthy human subjects at five human host from three cohorts of

major body sites, using 16S and microbiome-associated conditions,
metagenomic shotgun sequencing using multiple ‘omics technologies.
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Enter HMP Integrated Portal & ‘
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feces
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available 2 Mcre 2 ek S0
Please see the three IHMP project sites for project-specific protocols
Protocols v Studies O 12
B MOMS-P! m = open FASTQ 30.68 MB
HHS 8722
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Demonstration projects

HMP1'in ana bulgularindan biri, tek bagina mikrobiyomun taksonomik bilegsiminin genellikle konak
fenotipi ile iyi bir korelasyon gostermedigiydi.

saglamaktaydi. Bu bulgular, ikinci asama butunlestirici HMP (iIHMP veya HMP2) icin temel olusturdu.
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Mikrobiyal molekuiler fonksiyonlar daha iyi tahmin
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Spesifik_klinik durumlari ele almak Uzere longitudinal iIHMP; bagisiklik, metabolizma ve dinamik

>

molekuler aktivite de dahil olmak Uzere konak-mikrobiyom etkilesimini kesfetmek ve zamanla
konak-mikrop etkilesimlerinin daha butunsel bir gorunumunu elde etmek igin tasarlanmistir.
o
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16S rRNA gene survey

Sequence-based analysis of 168 ribosomal RNA gene in total DNA extracts: the data are used to
develop microbial community compositional profiles.

Whole metagenome shotgun
sequences

Sequence-based analysis of all genes in total DNA extracts: the data are used to develop microbial
community compositional, functional, and genomic profiles.

Whole metatranscriptome shotgun
sequences

Sequence-based analysis of RNA transcripts in a microbial community by converting RNA in total
RNA extracts to complementary DNA and sequencing the cDNA.

I

[

Whole virome shotgun sequences

Sequence-based analysis of all virus genes and genomes used to develop viral community profiles.
These sequence data are derived from two approaches, either by first isolating viral-sized particles
from a sample and then sequencing this fraction, or by sequencing the DNA (or cDNA from RNA)
extract and computationally determining DNA and RNA viral sequences in the metagenome.

Bacterial isolates

Isolation and cultivation of a specific bacterium in a mixed community through the use of selective
media or enrichment techniques to preferentially grow one bacterium of interest.

Single-cell genome sequences

Physical separation or physical enrichment of a single microbial cell from a mixed population of cells.
Sequence-based analysis of the single cell’s genome is conducted using a DNA random priming
method to first increase the total DNA concentration in the cell and subsequently sequence this
amplified DNA.

Single-cell RNA sequences

Sequence-based analysis of RNA transcripts in a cell by converting RNA in total RNA extracts to
complementary DNA and sequencing the cDNA.

LC-MS/MS peptide profiles

Analysis of individual peptides in a mixture of proteins by a combination of liquid chromatography
and mass spectroscopy after enzymatic digestion of the protein mixture. To derive the microbiome
metaproteome, data from the companion metagenome is used along with KEGG and other protein
databases to verify the microbial proteins in the total protein mixture. To derive the host proteins, a
similar approach 1s used based on search against the human genome.

Human subject whole genome
sequences

Analysis of the sequence of the host genome using high-throughput DNA sequencing.

Whole exome sequences

Analysis of the protein coding regions of the host genome, which is generally done through sequence
analysis.

Whole transcriptome sequences

Sequence-based analysis of RNA transcripts in host tissue using polyA tail separation of eukaryotic
transcripts from a mixture of transcripts. converting the RNA to complementary DNA and sequencing
the cDNAL

Cytokines

Circulating immune system glycoproteins in blood, plasma, or other bodily fluids are measured
through an ELISA assay: data are used as a marker for systemic inflammation.

DNA methylation profiles

Measurement of methylated regions of the host genome. This method uses a combination of restriction
enzymes and a reduced representation bisulfite sequencing (RRBS) method to enrich for regions of the
genome with cytosine-guanine pairs; these regions are then screened for methylated bases.

Fecal calprotectin proteins

Fecal calprotectin is a protein found in stool, the concentration of which is measured through a
standardized immunoassay method and is used to evaluate levels of intestinal inflammation.

Serology

Measurement of antibodies for specific pathogens or protein markers conducted with serum through
an ELISA assay.

Human subject contaminating
genome sequences

Sequence from total nucleotide extracts from most microbially focused sample types yields a
combination of host and microbial sequence data. A computational filtering step, using human genome
reference sequence, will separate microbiome from human sequences.

Interactomes

Analysis of protein-protein interactions between members of the microbiota or between the microbiota
and the host.

Intestinal epithelial cell profiles

Functional or sequence-based readouts of phenotypes for cell lines derived from primary epithelial
cells from individual hosts.

Metabolomes

Measure of metabolomic profiles using untargeted and targeted LC-MS methods.

Lipidomes

Measure of lipid profiles using 2D UPLC-ESI-MS/MS (ultra performance liquid chromatography
combined with electrospray ionization tandem mass spectroscopy) with an initial focus on AA




profiles

sequences

Source of Property Property Derived from Primary Primary Data from Biospecimen Biospecimen Biospecimen Biospecimen from Repository for Primary
Data from Preterm from IBD Prediabetic Cohort Data
Birth Cohort Cohort
microbial community composition 16S rRNA gene survey cervicald stool anterior nares, stool SRA
vaginal?, rectal,
buccal, fetal
membranes,
placenta,
amniotic fluid
from women:
buccal, rectal,
stool, meconum,
respiratory
secretions from
nconate
microbial community composition whole metagenome shotgun vaginal? stool anterior nares, stool SRA
sequences
predictions of microbial genes. whole metagenome shotgun vaginal? stool anterior nares, stool SRA
metabolic pathways sequences
RNA transcript profiles whole metatranscriptome shotgun vaginal? stool anterior nares, stool SRA
sequences -
microbiome metaprotcome profiles LC-MS/MS peptide profiles stool stool EBI PRIDE and/or Peptide
Atlas
viral community composition whole virome shotgun sequences - stool anterior nares, stool SRA
bacterial cultures bacterial isolates cervicald, - - ATCC/BEIl
vaginal?, rectal,
buccal, stool
from mothers or
neonates
bacterial whole genome sequences bacterial isolates cervical?. ~ - SRA
vaginal?, rectal,
buccal. stool
from mothers or
nconates
bacterial whole genome sequences bacterial single-cell sequences - stool - SRA
single-cell bacterial RNA transcript single-cell bacterial transcript - stool - SRA




Source of Property Property Derived from Primary Primary Data from Biospecimen  Biospecimen Biospecimen Biospecimen from Repository for Primary
Data from Preterm from IBD Prediabetic Cohort Data
Birth Cohort Cohort
Host subject exome/whole genome subject genome sequences blood (future?) blood blood dbGaP/SRA
from mothers
and nconates
RNA transcript profiles whole transcriptome sequences vaginal? colon biopsy PBMCs dbGaP/SRA and GEO
subject protein profiles LC-MS/MS peptide profiles - stool PBMCs, serum (future) EBI PRIDE and/or Peptide
Atlas
systemic inflammation levels cytokine profiles vaginal?, buccal blood plasma Study DB
from mothers or
nconates
intestinal epithelial cell cultures intestinal epithelial cell isolates - colon biopsy - -
subject DNA methylation profiles reduced representation bisulfite - blood PBMC (future) SRA
sequencing (RRBS) profiles
intestinal inflammation levels fecal calprotectin protein - stool - Study DB
concentrations
serum antibody composition and scrology - blood ~ Study DB
levels
subject contaminating genome human sequence from unfiltered vaginal@ stool stool dbGaP/SRA
sequences total microbial community =
sequences
subject profiles for cohort subject phenotypes, clinical collected on each  collected on collected on each subject  dbGaP
metadata, medical pancls subject in the cach subjectin  in the study
study the study
Global (host and protein-protein interaction network yeast two-hybrid binary protein vaginal? - - EBI IntAct
microbiome) between host and microbiome complexes 5
pathway-level crosstalk between host intestinal epithelial cell profiling - colon biopsy - dbGaP/SRA and GEO
and gut microbiome responsc to bacterial metabolites
global metabolite profiles untargeted and targeted LC-MS - stool urine, plasma Mctabolomics Workbench
metabolomic profiles
global lipid profiles untargeted and targeted LC-MS vaginal? stool urine, serum Mectabolomics Workbench

metabolomic profiles
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Sample Collection Assays

Etnisite Prenatal 3-5
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lllumina MiSeq
RDP Classifier
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Microbes: 16S rRNA gene profiling
30,400 samples

Microbes: Bacterial cultivation / seq
30,400 samples

Host: Lipidomic profiling Microbes

8000 samples

Host: Cytokine assays
8000 samples

HUMANN pipeline
ASGARD tool

Microbes: Metatranscriptome Host
60 samples

Microbes: Interactome maps
pilot study

Microbes: Metagenome

60 samples

Host

Host
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(J Dynamically variable over time
+ Subsets differentially affected

- Crohn hastaligi ve Ulseratif kolit dahil olmak Uzere IBH, batililasma, kentlesme, beslenme
modellerindeki  degisimler, antimikrobiyal maruziyet ve konak-mikrobiyom homeostazini
etkileyebilecek daha pek cok faktorlerin etkisiyle son 50 yilda artan insidansla dunya capinda

milyonlarca kisiyi etkilemektedir.




Microbes: 168S rRNA gene profiling
Microbes: Metagenome sequencing

Microbes: Metatranscriptome seq
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@

of Ny

]

.

Microbes: Proteomic profiling

> Molekiiler mekanizmalarin tanimlanmasi
» Alevlenme donemlerinin 6ngoériilebilmesi
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Host: Fecal calprotectin test

Limited colitis

180 Biopsies

Microbes: 186S rRNA gene profiling
Host: Transcriptome sequencing

Microbes: Single-cell assays

@ w @ J\g Cincinnati '
%\ Children’s b e O e N i % Host: Epithelial cell profiling

= DNA metilasyon diizeyi
Host: Bisulfite sequencing (RRBS)

{' Host: Genetics
<

270 Blood samples o @ Host: Serological profiling

IR €

i
Ay

A\

w Mass. General Hospital @ Washington University - LBNL  “de-identification

3 Rresart Imnetithiites m Caoadare Sinmnail Mad Coanter 4 | L 1161 A




Kan, digki ve nazal bolgeden2-3 ayda bir 6rneklem (stres durumlarinda daha sik)

Differential responses to weight gain, Host features
respiratory viral infections and * Proteomics
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National Library of Medicine

National Center for Biotechnology Information

Advanced Help

SRA - Now available on the cloud

Sequence Read Archive (SRA) data, available through multiple cloud providers and NCBI servers, is the largest publicly
available repository of high throughput sequencing data. The archive accepts data from all branches of life as well as

metagenomic and environmental sirvevs SRA stores raw qpnupnmnn data and alinnment information to enhance renrodiicihilitv
€ C @ & ibdmdb.org/ch/o / Protocols Y B ~ % 0O

- metabolomlcsworkbench org

"METABOLOMIC g

Protocols Searct Everything Vv

Data Generation Protocols

Containers Objects
E Ciinical Protocols |__Name Content Type Encoding Size (Bytes) Date
|165_Biopsy_HMP2_Protocol. pdf A 6.0 KB Jan. 16, 2018, 9:08 p.m.
& sample Handling Pro.. | |Exome_HMPZ_protocol. pdf 85.4 KB ), 2017, 1:47 p.m.

s [~ JHost_Transcriptomics_HMP2_protocol . pdf 48.5 KB 20, 2017, 1:48 p.m.
5 |MetabolomicsHMP2Protacol.pdf : 3.3 KB Oct. 6, 2017, 2:29
Welcome to the UCSD Metabolomics Workbench, a resource sponsored by the Common Fund of ti i el 5 > - el
& Metagenomics_HMP2_Protocol.pdf application/pdf - 216 KB an. 16, 2018
IMetatranscriptomics_ HMP2_Protocol,pdf *;v licatic m"\!' 27.3KB Jan. 16, 2018, B:55 p.m.
— — . = : = = {__|Proteomics_HMP2_protocol.pdf 32.9KB Jan. 29, 2018, 11:25 p.m.
‘Naﬁona| Metabolomics Data Reposi{ory [ViromicsHMPZProtocol.pdf 87.7 KB June 20, 2016, 6:20 p.m
_|rrbs_hmp2_protocol.pdf 65.1 KB Sept. 28, 2017, 8:2 m.
Upload and Manage Browse and Search Analyze
Studies Studies Studies
As of 03/13/23 a total of 2422 studies have been processed by the National Metabolomics Data Repository Tweets from
(NMDR). There are 2125 publicly available studies and the remainder (297) will be made available subject to @ MetabolomicsWB

their embargo dates.
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Reporting guidelines for human microbiome
research: the STORMS checklist
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The particularly interdisciplinary nature of human microbiome research makes the organization and reporting of results
spanning epidemiology, biology, bioinformatics, translational medicine and statistics a challenge. Commonly used reporting
guidelines for observational or genetic epidemiology studies lack key features specific to microblome studies. Therefore, a
multidisciplinary group of microblome epidemiology researchers adapted guidelines for observational and genetic studies to
culture-independent human microbiome studies, and also developed new reporting elements for laboratory, bioinformatics and
statistical analyses tailored to microblome studies. The resulting tool, called ‘Strengthening The Organization and Reporting
of Microblome Studies' (STORMS), is composed of a 17-item checklist organized into six sections that correspond to the typi-
cal sections of a scientific publication, presented as an editable table for inclusion in supplementary materials. The STORMS
checklist provides guidance for concise and complete reporting of microbiome studies that will facilitate manuscript prepara-
tion, peer review, and reader comprehension of publications and comparative analysis of published results.

Mikrobiom caligsmalalarinin
tasarlanmasi,
raporlandiriimasi ve
karsilastinimasinda bir
check-list...




Strengthening The Organizing and Reporting of Microbiome Studies

(STORMS)
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STORMS analytic sample size flowcharts (item 3.6)

Observational Experimental

[ Expressions of interest ] [ Expressions of interest ]
n=xx

‘ ( Assessment for eligibility: ‘ >

| " oo ] !

[ Screened n=xx ] [ Screened n=xx ]

n=xx

( Assessment for eligibility:
L XXXX N=XX

| .| Excluded: .| Excluded:
l Tl xxxx n=xx T xxxx n=xx
v
. Recruited and
Recruited n=xx . _
randomised n=xx
| .| Drop out: l l
l XXXX N=XX
[ n=xx Group 1 ][ n=xx Group 2
Data available for
»>| Drop out:
= ——>
analyses n=xx v v XXXX N=XX
Excluded: .
>| Lack of sequencing n=xx Completed trial n=xx
v Low number of reads n=xx
. . .| Excluded:
Total samples included in Lack of sequencing n=xx
the analyses n=xx v Low number of reads n=xx

Total samples included in
the analyses n=xx




BugSigDB a |

A Comprehensive Database of Published Microbial Signatures

Help:Export

BugSigDB.org is a community-editable Semantic Mediawiki knowledge management system that simplifies and standardizes the recording, finding,
and re-analysis of differential abundance results from all types of metagenomics studies. To contribute please request an account, learn how to
contribute or analyze, leam more about the project, report issues, or join the user forum,

Studies (e

About this pr
k Download all Studies (CSV)

Experiments (o

Featured Taxon ~ 90964 Featured Studies Study by name
Download all Experiments (CSV)
Staphylococcaceae (family) Characteristics of the intestinal flora in patients with peripheral
cellular organisms | Bacteria / Terrabacteria neuropathy associated with type 2 diabetes
group / Bacillota / Baclll / Bacilales The Journal of international medical research, 2020 | Feces | diabetic neuropathy. S ig natu res fedit)

type |l diabetes meliitus | China
BugSigDB Statistics
« Number of studies: 20 (filter) Effects of PM2.5 exposure during gestation on maternal gut Download all Sngnatures (CSV)

microbiota and pregnancy outcomes
Chemosphere, 2020 | Colon | air pollution | China P

o Number of drect descondants: 46 1 ‘.‘ '.nsmll.szocw_:noger . > lvget the sigmtures

2 if (!require("BiocManager”, quietly = TRUE)) > sigs < getSignatures(bsdb)
3 install.packages("BiocManager™) > closs(sigs)
4 [1] "list"
S # instoll the package > length(sigs)

Advanced SearCh 6 BiocManager: :install("bugsigdbr”) [1] 2270
7 > sigs[1:3)
8 # lood the packoge $'bsdb:1/1/1_adenoma: conventional -adenoma-cases_vs_controls_UP*
9 Tibrary(bugsigdbr) [1] "91061" "1236" "1654" “1716" "1301" "162289" "189330"
10 [8] "33024" "40544" "2037" '2049" "S06"  "186826" "1300"

Locations of subjects Selection: United States of America 11 # inport BugSigh} doto [15) "31977* '9137° “1653° 'S7037" "1386° "186817° [

See also: Austria | Canada | China | France | Germany | Irelg 12 bsdo < inport8ugSigh()
5 g i . ikt $'bsdb:1/1/2_adenoma: conventional -adenoma-cases_vs..controls_DOMN
inspect the resulting data frome " » (34N

Host species Selection: Homo sapiens 15 class(bsdh) e PR 28
16 din(bsdo) $'bsdb:1/2/1_Hyperplastic-Polyp:hyperplastic-polyp-cases_vs_controls_UP

Body sites Selection: feces 17 colnanes(bsdb) [1] "267244" *57037"

: 18
See also: Feces k 19 ¥ subset the data frame "

20 us.obesity, feces <- subset(bsdb,

Conditions Selection: colorectal cancer 2 "Location of subjects’ == “United States of Americo” &
2 Condition == “obesity" &

Download CSV Studies | Experiments | Signatures g Body site” == "feces”)

25 # get the signatures
26 sigs < getSignatures(bsdb)
Related studies 27 length(sigs)
28 sigs[1:3]
* The human gut microbiome as a screening tool for colorectal cancer

+ Fecal Microbiota, Fecal Metabolome, and Colorectal Cancer Interrelations

» Meta-analysis of fecal metagenomes reveals global microbial signatures that are specific for colorectal cancer

* Metagenomic analysis of colorectal cancer datasets identifies cross-cohort microbial diagnostic signatures and a link with choline degradation

= Human gut microbiome and risk for colorectal cancer

* Re-purposing 16S rRNA gene sequence data from within case paired tumor biopsy and tumor-adjacent biopsy or fecal samples to identify microbial
markers for colorectal cancer

« Stool microbiome and metabolome differences between colorectal cancer patients and healthy adults
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