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Clinical microbiomics
Towards diagnostics and personalised intervention

l. Association of the human microbiome with diseases
- Colon cancer: From biomarker discovery to diagnostics

|l. Effects of marketed drugs on gut microbes
- From observations to screening

lll. First interventions: Faecal microbiota transplantation
- Towards mechanistic understanding
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...but most published studies are statistically underpowered
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Antibiotic resistance gene distribution in 252 gut microbiomes

m Approved for animal use

= Analog approved for animal use

= Not approved for animal use

Fraction of samples with fully covered resistance genes @

BLEOMYCIN

| kind of features (here antibiotic resistance) are being profiled...

Ca 5Gb per individual mined
for 370 genes that are known
to provide resistance

to 68 antibiotics classes

Antibiotic resistance
potential in gut microbiota
is associated with use in
animals

o | Forslund et al.
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my.microbes

Goal is
5000

Operates
since

samples Sep. 2011

500k Euro X Currently
so far Welcome to my.microbes Latest News 550 Euro

Enterotypes

Join an exciting scientific study and help
to explore the ecosystems living within us.

Microbes live in, on and around us all the time, contributing approximately 2 kilograms to our

. If you would like to receive more
Our Concept Individual Results A Global Network dbtaiis and be notifisd whah we

begin the public stage of our
studies, please contact us.

| | I
Usil g sal ples collected non- \s a participant our studies, IElleﬂ ts car (DLI! don't have

invasively from different parts of you will have direct, free access to) contact people with similar D t .l = _ . t '
human body, we will analyze to your personal analysis microbial profiles around the ona e or pa Iclpa el
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Personalized my.microbes report  :=: = '

[l Enterotype 3
|

Raw DNA amount: ( 6,604,063,163 bases (6.60 Gb) which is 32.1% above average
High quality DNA: ( ) 5,346,005,086 bases (5.35 Gb) which is 6.9% above average

Human DNA contamination: 0.175082%, which is very low &
L]
Version 2

Highlights of detected deviations in your sample

Microbial genera/species with highest deviation from population average

Genus Deviation
The following microbial genera/species are present in high i 1

abundance in your sample, compared to our current participant Faecalibacterium o) |
population (921 samples).
Roseburia +6.4% Ol
Detailed information and disclaimers
Bifidobacterium +4.4% ol |

Genome/proteome functional analysis

Enterotypes Cbicbyte

KEGG orthologous group mapping

The genes predicted in your sample were mapped onto KEGG orthologous groups. The table below shows the To visualize all detected KOs in the interactive Pathways Explorer v2, click the map image below. Edges in the
top 10 most abundant KO groups detected. Click the KO identifiers to display further information about them at map which contain KOs detected in your sample will be colored red. Their widths will be directly proportional to

the KEGG web site. the KO abundance in your sample.
Abundance KEGG ID Orthologous group name L= -
0.643 % KO06147 ABCB-BAC; ATP-binding cassette, subfamily B, bacterial
0.586 % K02004 ABC.CD.P; putative ABC transport system permease protein d b
0.535% KO03088 SIG3.2, rpoE; RNA polymerase sigma-70 factor, ECF subfamily ap prove y

0.507 K02003 ABC.CD.A; putative ABC transport system ATP-binding protein

0.352 % KO05349 bglX; beta-glucosidase [EC:3.2.1.21] i : - E M B L-eth i cs

0.344 % KO03169 topB; DNA topoisomerase lll [EC:5.89.1.2]
L] L]
0.33% KO01190 lacZ; beta-galactosidase [EC:3.2.1.23] m m
0.306 % KO07024 K07024 co Iss I o n
0.298 % KO03496 parA, soj; chromosome partitioning protein

0.292 % KO00850 pfkA, PFK; 6-phosphofructokinase 1 [EC:2.7.1.11] |
f=—0L_J]
Other microbiota-related properties
Nucleotide variation analyses Individual di tested for iation with your microbiota
Feature Value Disease Association ¢
Number of unique SNPs (—) Colon cancer within average population risk

Species with most unique SNPs  Parabacteroides merdae ATCC 43184 No approval for reporting antibiotics resistanceS’
Chover gyl o o pathogen detection und some diseases
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Association of microbiota with colon cancer

A predlctor based on faecal metagenomes from a French study population
| 122 species

A Mlcmbnal signature for CRC ciassuﬁcatlon Median control Contribution
No neoplasia (N = 61) Small Adenoma (N =27) CRC (stages |/IIN=22,[ll/IVN=231) rel. abundance to model
Fusobacterium nudeatum subsp. vincenti 1E-06 23.3%
i i f Fusobacterum nudeatum subsp. animalis 1E-06 12.3%
i I Peptostreptococcus stomatis 2E-06 9.4%
Porphyromonas asaccharolytica 1E-06 6.4%
| I i [ I | Clostridium symbiosum 4E-06 5.7%
l r |I| |I Clostridium hylemonae 1E-06 2.3%
I EETEI RN PRI 1B I Bacterides fragilis 1E-04 1.3%
| | Lactobacillus salivanus 1E-06 1.2%
Fusobactenum gonidiaformans 1E-06 0.8%
Lactobacillus ruminis 1E-06 0.5%
| 11 | B | Eubacterium rectale 0.02 0.7%
. Bacteroides caccae 0.002 0.8%
Eubacterium ventriosum 0.002 0.8%
1 Clostridium scindens 6E-06 1.2%
1! | | | . | . l | Eubacterium eligens 0.007 1.4%
| Bifidobacterium angulatum 1E-05 1.5%
Methanosphaera stadtmanae 1E-06 1.5%
11 BEnnil Dorea formicigenerans 0.002 1.6%
Butyrivibrio crossotus 1E-05 1.7%
[ ] | l 11 1 Phascolarctobacterium succinatutens 1E-05 2.9%
| | unclassified Ruminococcus sp. 0.01 5.5%
L1 I Streptococcus salivarius 9E-04 9.1%
1 1
_ [ 2 0 2
Metagenomic test score Mean log—odds ratio
I 1 | I' | FOBT Hemoccult % of total absolute weight
1 Wif-1 gene methylation test
Relative abundance change over controls Metagenomic test score  CRC predicted Other iost resulls GG pegroasion (AJC siaging) iation with CRC
m [ negative MINa B Noneoplasia [JCRCo/I/1 [ Enriched in controls
0.001 0.01 01 0 10 100 1000 0 0.25 05 0.75 1 B cositive [ Adenoma Bcrcusiv [ Enriched in CRC patients
depleted in CRC <+—» enriched in CRC decision boundary = 0.275

The signal is better than the commercially available FOBT test and a wif-1 based test
Zeller, Tap, Voigt et al, Mol.Sys.Biol. 10(2014)766



Association of microbiota with colon cancer

Biomarkers work well in early stages and detects features different from FOBT
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early cancer stages, indeed a combination with FOBT greatly
also pre-cancer ones? enhances prediction accuracy
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be combined with standard FOBT test (ca 6 Euro per sample)
Currently: ca 40 Euro costs per sample (but can still be reduced)




A deluge of studies on fecal CRC microbiomes from different regions

IPLOS | one - .
:_’—_—‘ ‘C ——
Q;,‘,ﬁhmcmoris
RESEARCH ARTIC g
Colore »
Cta TICLE TR oo /e
Microbi | Cancer ang the Human Gyt Ao 0w 3 s 205 P d: . ment along the colorectal
' . } eceive ) .
Gor ome: Reproducrbility With Who| Gut microbiome deve c;zuence
Ome ShOtg[Jn Sequencing & adenoma—carcmoma > dimayr* Longaing Tang'" 2" ha:; Liang Xiao',
Emily Vogtmann .2« X 1 angh3*, Huijue Jig'; ez S't? rr\‘Im)f:iaolpinﬂ L', Xin L, Junhu@ |-‘ o ”: Jian
Rajna Hercog’, Jame 9 Hua', ngQZeH r, : Qiang Feng”", S”'S_ha ua.ng il ing Xu', Zhuye Jigl, Ll 345 Al-Aama'®, Huanming Yang, 26,
ames J, Goedert , Jianxin ;h"?ggfg'osdgggg‘::;:ﬂgjﬁh Voigt®4.5. Dong‘yaHZhangw, Hfl:tz rﬁ:al‘),ati:‘lli']';ierseerﬂ’ ¥un Xu', Jl:;‘ar::r:::‘:‘;;ga’ C:risnan Datz* & Jun Wang'
, al A :
cancer Preven lo l:'\rlsai;\‘ ORIGINAL ARTICLE
Research

The Human Gut Microbiome as a Screening Tool for
Colorectal Cancer

Joseph P, Zackular, Mary A.M. Rogers, Mack

Baxter et al. Genome Medicine (2016) 8:37
pol 10.1 186/513073-01 6-0290-3

: -

d model improves the

Microbiotar B25¢ | immunochemical test for

sensitivity of feca .
ina colonic lesl |
dEteCtlng A. M. Rogers® and Patrick D. Schloss'

2, Ma
Nielson T. Baxter', Mack T. Ruffin IV, Mary

Genome Medicine

Metagenomic analysis of faecal microbiome as
a tool towards targeted non-invasive biomarkers
for colorectal cancer

Jun Yu,'" Qiang Feng,>3" Sunny Hei Wong,"" Dongya Zhang,?" Qiao yi Liang,'"
Youwen Qin,? Longging Tang,? Hui Zhao,? Jan Stenvang,* Yanli Li, Xiaokai Wang,?
Xiaogiang Xu,® Ning Chen,? William Ka Kei Wy, Jumana Al-Aama,*®

Hans Jergen Nielsen,® Pia Kiilerich,> Benjamin Anderschou Holbech Jensen,?

L L Lan,? Huijue Jia,? Junhua Li,? Liang Xiao,?
2 : B 1
ORIGINAL ARTICLE -

Tqmou_r-associated and non-tumour-
microbiota in colorectal cancer

Burkhardt Flemer, 2 penise g L

Feargal J Ryan,"? Marcus J ¢
Paul W 0'Toole -2 °

associated

ynch, 2 Jillian M R Brown, -

2 1,2
esson, 2 Micheal lan B Jeffery,

O'Riordain,® Fergus Shanahan, "4

Since 2014 many more CRC associated metagenomes and 16S profiles from fecal samples
published and more to come soon ... but are they consistent?
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Faecal Microbiota Transplantation (FMT)
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Donor species and strain colonization after FMT for metabolic syndrome
5 time points up to 3 months after FMT, 164 metagenomes incl. donors
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Strain replacement after faecal microbiota transplantation (FMT)
is easier than acquisition of new species

Species Strains

FMT 1 EMT 2 FMT 1 FMT 2 FMT 3 FMT 4 FMT 5

W

—
o
o

0

SNV distribution
(mean % across species)
(%3]

(=]

2 144284 2 144284 2 144284 2 14 4284 2 14 42 84

Days after FMT
Spe;:;so::_n::::;amn oot door & e Donor species oty Dc_)nors strains
Recipient-specific [ Newly detected barely above B Donor only Donor & recipient with d.ura.ble
il v il random B Recipientonly [ Nen-geterminant  COlOnization, often
(vortcarbar denotes standard deviaton) fluctuation S hfpolio in coexistence
1. There is no “superdonor” — 1 donor has 3. New donor strains colonise better
different outcomes than donor species, perhaps by

2. Donor strains can colonise and persist hiding from the immune system

over at least 3 months 4. Extensive donor and recipient
strain coexistence

Strain replacement implies personalized treatment options, e.g. by replacing multidrug resistance.
Li et al., Science 352(2016)586
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Deciphering function and evolution of biological systems

The main focus of this Computational Biology group is to predict function

andto gain insights into evolution by comparative analysis of complex =i Sl
molecular data. The group currently works on three different scales: = = -
« genes and proteins, S = s
-
=« protein networks and cellular processes, and
: - il
— Tt —- -

« phenotypes and environments. —=opig s

They require both tool development and applications. Some selected projects include comparative gene,
genome and metagenome analysis, mapping interactions to proteins and pathways as well as the study of
temporal and spatial protein network aspects. All are geared towards the bridging of genotype and phenotype
through a better understanding of molecular and cellular processes.

The group is partially associated with Max Delbriick Center for Molecular Medicine (MDC), Berlin.
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Tara Oceans studies plankton at planetary scale
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