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Whatis a microbiome?

microbiome

microorganisms
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a community of microorganisms
tiny organisms & their role within a specific
living in all kinds of environment, considering
environments environmental conditions &
interactions with each other

Bacteria ¢ Archaea ¢ Fungi ¢ Protists € Viruses




Human Gut Microbiome

Role of Gut Microbiota in Nutrition and Health

Healthy Diseased
Probiotic and Excessive sugar, saturated fat
fibre intake and protein consumption
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1 Gut inflammation T Gut inflammation

T Improved lipid metabolism T Risk of CVD

T Antioxidants production T LPS production

T Short chain fatty acids 1 Short chain fatty acids
1 Risk of infections T Risk of infections

T Insulin sensitivity T Insulin resistance

L. A

H. Flint Nat Rev Gastroenterol Hepatol (2012)



Human Gut Microbiome

+ Appetite disorders

* Parkinson disease
* Alzheimer disease
Neurodegenerative

diseases

* Multiple sclerosis

» Anxiety

* Depression

» Autism

- Stress

* Addiction

e

Liver disease

Cardiovascular

disease

Obesity

P. Cani Nat Rev Gastroenterol Hepatol (2017)

*» Diabetes
* Insulin resistance

-

* Low-grade
inflammation
- Arthritis

* Allergy

« Eczema




Human Oral Microbiome
Components of the oral microbiome:

t M <

Viruses Bacteria Archaea Fungi Protozoa

Unbalanced microbiome (Dysbiosis)

+ Periodontitis/Caries & sequelae
* Endocarditis

+ Atherosclerosis

+ Alzheimer's disease

* Diabetes

* Head and neck cancer

Healthy microbiome (Eubiosis)

A. Radaic Computational and Structural Biotechnology Journal (2021)




D. Mager J Transl Med (2006)

Human Microbiome

More bacteria reside in human body than the actual human cells
The ratio of microbes to human cells is 1.3:1

Microbiota distribution

,( % Airways
/ ! \ Mouth
| /WT % Esophagus

There are 10-100 trillion
symbiotic bacteria in
the human body, and

>10,000 species

Skin

N Gl tract

Urogenital
apparatus



Cancer Human Microbiome

More bacteria reside in human body than the actual human cells

Sustaining Evading The ratio of microbes to human cells is 1.3:1
proliferative signaling growth suppressors
Deregulating Avoiding Microbiota distribution
cellular immune
metabolism @ ¥ destruction / % Airways
\. 5 ! Mouth
Tl ) f )
. ‘\'\"%? e
Resisting - Enabling PR | Esophagus
cell death AL : replicative
& . immortality There are 10-100 t'riII-ion Skin
et symbiotic bacteria in
A the human body, and
Genome | >10,000 species
instability & Tumor-promoting N Gl tract
mutation Q inflammation
Urogenital
Inducing or accessing Activating invasion : apparatus

vasculature & metastasis

D. Hanahan et al. Cell (2011); D. Hanahan Cancer Discovery (2022); D. Mager J Transl Med (2006)




Cancer Human Microbiome

Sustaining Evading
proliferative signaling growth suppressors

Deregulating

cellular
metabolism @
b |

Resisting
cell death

Avoiding
immune

destruction > 1 5 % O f

cancer cases

Enabling worldwide are

replicative

immortality d ue to

L :
A = A
Genome % MmiCcro b eS
instability & o s X ' Tumor-promoting
mutation inflammation
Human papillomavirus (HPV)
Inducing or accessing Activating invasion

vasculature & metastasis

Are there even more?

D. Hanahan et al. Cell (2011); D. Hanahan Cancer Discovery (2022); D. Mager J Transl Med (2006)




Are there microbes are in
The Cancer Genome Atlas (TCGA)?

nature
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Differences in microbiomes of tumor tissue
aCross cancer types

Heatmap of classifier performance comparing one
cancer type vs all others

Area under curve
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Takeaway: Each cancer type has
a unigue microbiome

G. Poore et al. Nature (2020)



Differences in microbiomes of tumor tissue
and normal samples

Heatmap of classifier performance comparing
cancer vs normal

Area under curve
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G. Poore et al. Nature (2020)



Differences in microbiomes between stage | anad
stage |V cancers

Heatmap of classifier performance comparing
Stage | and stage IV cancers

Area under curve
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Area under the curve
0.4 0.7 1.0

Differences in
Mmicrobiomes found in the
blood of one cancer type
vs. all others

Takeaway: We can identify cancer
type In patients using microbes
found in the blood

(AUROC (ROC) and AUPR (PR))
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D. Hanahan Cancer Discovery (2022)

Cancer Microbiome

Emerging hallmarks &

. enabling characteristics

Unlockmg Nonmutational

phenqtyplc epigenetic
plasticity reprogramming

Senescent Polymorphic
cells microbiomes



TCCGA Microbiome + Fungal Reads

TCGA: Blood TCGA: Primary tumor (WGS)
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Opportunities to improve clinical care with the cancer microbiome
I: U t ure Survival prognostics based on gut and intratumoral microbial diversity!s2%3.%4

Directions of
Cancer
M | Cro b | ome Cell-free microbial DNA

liquid biopsies'®®

N

[ A -~ :
mMicroblal metabolites and proteins ' Microbial-mediated
enable ICB response - drug conversion
Drug companion diagnostics based on gut & intratumoral microbial composition & function!'2-1447.66-67.96-102)

G. Sepich-Poore*, C. Guccione* et al. BioEssays (2022)




Define a pipeline that extracts microbial
reads from whole genome sequencing
samples of tumor tissue

UCSan Diego

School of Medicine




Going from whole genome sequencing to
mMicropbial taxonomy

Computational

Removal of

Whole Genome Human Reads

Sequencing 'Sgéfeﬁyﬁ

Human Tissue
Samples




Computational Removal of Human Reads

Human Reference: GRCh38




Computational Removal of Human Reads

Human Reference: GRCh38

Are these reads microbial?




Computational Removal of Human Reads

Human Reference: GRCh38

_ _ Are these reads microbial?
Microbial Reference

preset

Archaca Samplel  Sample2  Sample3  Sampled  Sample5
k_Archaea;p_| | | 3A1_DGR

Asgard k_Archaea;p_| - | | | | _Haloarcula
k_Archaea;p_| - | | | ium;s_t i

TACK k_Archaea; - | o | | | tiamatea

Crenarchaeota k_Archaea;p_| - | | o 7 is persicus
k__Archaea;p_| - | | | 1 !

Euryarchaeota k_Archaea;p_| - | | | |

CER k_Archaea;p_| - | iaj0__| ales;f_| i | o ium hubeiense
k_Archa - | | | | o salinarum

Microgenomates

k_Archaea i fales i ium;s_| um sp. DL1
i _Halobellus rufus

©cocoocoocooococoooocoooooooo0oo0o0oo
©cocococococoocococoooocooocooooooo0o0oo
©cocococococoococoooocooocooooooo0o0o0

[ [
0 0
0 0
[ [
[ 0
0 2
[ [
0 0
9 0
[ 5
k_Archaea;p_| | | | | 0 0
k_Archaeap_| | | | | __Haloferax sp. 5829 0 9
_ k_Archaeap_| | | | | icum;s_t pallidum 4 [
P> Archaea;p_i | | | | __Haloplanus natans 4 0
| iajo_| F_} | | walsbyi [ 9
| iajo_t | | itus;s__Halope sp. DYS4 [ [
| | | | _Hal i 0 0
| | F_} | | [ 9
| | | | | kocurii [ 0
| | | | __Halorubrum lipolyticum 0 0
| | | | | sp. BV [ 9
| | | | | i [ 0
| | ! | | sp. AS6 0 0
| | ! | _Natrinema [ 0
| | | | | tibetense 0 0
inia;s_| i 443 2565 2276 1717 1337
| | mi [ [ 9 0 0
k_Bacteria; [ 0 [ [ 0

Q. Zhu, et al. Nature Communications (2019)




s there a better way to study the cancer
mMicropiome”?

® o o
] Immune cells 'Intestine-on-chip' co-culturing Microbial
H | (blood and tumor) with gut microbiota therapies &
Bt el biomarkers
Longitudinal cancer cohorts Flow cytometry for cancer
(pre- and post-therapy) “7¢%% |
Cancer cells N’
\ - Patient-derived or engineered
Sequencing organoids with immune niches & B
. Milorotiois microbiota/metabolite injections Microbial
mechanisms
— (qut a:md tomon) P v in cancer:
+ -+ (=S + . ,‘: Causal
,V.oo P - VS.
o : ; o : —— licit
Multi-region sampling with p— Metabolites . L : : core
microbiological controls M ALCD?I-:-'(;aFtlor}tand - (gut, tumor, serum) Patient microbiota-associated mice V8
(longitudinal when possible) - -1UF culturomics- > . (mono/poly-colonized gut or tumor) ~ not associated
with tumor graft
Multi-site Multi-omic, multi-kingdom Experimental
sampling data generation validation

G. Sepich-Poore, et al. Science (2021)




Going from whole genome sequencing to
mMicropbial taxonomy

Human Tissue
Samples

Computational
Removal of

Whole Genome Human Reads

Sequencing "Hopletion”

Check for

contamination

*Host DNA
contamination

*Microbial DNA
contamination




How can we check for contamination?

‘000000000000
900000000000
‘900000000000
@00000000000
‘000000000000
000000000000
Q00000000000
Q00000000000

Operating theater
environmental control swabs
(Air, floor, scalpels, patient skin)

@ Serially diluted positive controls
© Environmental swab controls
@ Paraffin non-tissue controls

(O Reagent 'blank’ controls

@ Biological samples

G. Sepich-Poore*, C. Guccione* et al. BioEssays (2022)

Non-tissue Skin
paraffin swab
controls control '

\.

Fresh, frozen, or paraffin- Whole blood collection
embedded tumor tissue

PCR no-template

Cana)— controls
16S rRNA
sequencing
i Shotgun
< sequencing

Correcting for cross-contamination
and index swapping




How can we check for contamination computationally?

* Determine relationships between samples using Robust Aitchison PCA (RPCA)

« Uses matrix completion so zero values do not influence the ordination

Samplel Sample2 Sample3 Sampled4 Sampleb
k__Archaea;p__ Euryarchaeota;c__ Halobacteria;o__Halobacteriales;f__;g_ ;s haloarchaeon 3A1_DGR 0 0 0 o] 0
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Halobacteriales;f_Haloarculaceae;g_ Haloarcula;s__Haloarcula vallismortis 0 0 0 0 0 ° °
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__ Halobacteriales;f_Haloarculaceae;g_ Halomicrobium;s__Halomicrobium mukohataei 0 0 0 0 0 [}
k__Archaea;p__Euryarchaeota;c__Halobacteria;o__Halobacteriales;f__Haloarculaceae;g__Halorhabdus;s__Halorhabdus tiamatea 0 0 0 0 0 o o °
k__Archaea;p__ Euryarchaeota;c_ Halobacteria;o__Halobacteriales;f__Haloarculaceae;g__Halorientalis;s__Halorientalis persicus 0 0 0 o] 0
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Halobacteriales;f_ Haloarculaceae;g__Natronomonas;s__Natronomonas moolapensis 0 0 2 0 0 ° [ °
k__Archaea;p__ Euryarchaeota;c_ Halobacteria;jo__Halobacteriales;f__Halobacteriaceae;g_ Halarchaeum;s__Halarchaeum acidiphilum 0 0 0 0 0 [ ] ° ° [ ] L
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__ Halobacteriales;f _Halobacteriaceae;g__ Halobacterium;s__Halobacterium hubeiense 0 0 0 0 0 ° L]
k__Archaea;p__Euryarchaeota;c__Halobacteria;o__Halobacteriales;f__Halobacteriaceae;g__Halobacterium;s__Halobacterium salinarum 0 0 0 0 0 e © [ ]
k__Archaea;p__ Euryarchaeota;c__ Halobacteria;o__Halobacteriales;f__Halobacteriaceae;g__ Halobacterium;s__Halobacterium sp. DL1 0 0 5 o] 0
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Haloferacales;f__Haloferacaceae;g_ Halobellus;s__ Halobellus rufus 0 0 0 0 0 ° . °
k__Archaea;p__Euryarchaeota;c__ Halobacteria;o__ Haloferacales;f__Haloferacaceae;g_ Haloferax;s__ Haloferax sp. SB29 0 0 0 0 0 b o
k__Archaea;p__Euryarchaeota;c__Halobacteria;o__Haloferacales;f__Haloferacaceae;g__Halogeometricum;s__Halogeometricum pallidum 0 0 0 0 0
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Haloferacales;f__Haloferacaceae;g_ Haloplanus;s__Haloplanus natans 0 4 0 o]
k__Archaea;p__ Euryarchaeota;c_ Halobacteria;o__Haloferacales;f__Haloferacaceae;g_ Haloquadratum;s__Haloquadratum walsbyi 0 0 0 0
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Haloferacales;f__Halorubraceae;g__Halopenitus;s__Halopenitus sp. DYS4 0 0 0 0 0 P
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Haloferacales;f__Halorubraceae;g__ Halorubrum;s__Halorubrum californiense 0 0 0 0 0 [ ]
k__Archaea;p__Euryarchaeota;c__Halobacteria;o__Haloferacales;f__Halorubraceae;g__Halorubrum;s__Halorubrum halophilum 0 0 0 0 0 [ ]
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Haloferacales;f__Halorubraceae;g__ Halorubrum;s__Halorubrum kocurii 0 0 0 o] 0 °
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Haloferacales;f__Halorubraceae;g__ Halorubrum;s__Halorubrum lipolyticum 0 0 0 0 0 L]
k__Archaea;p__Euryarchaeota;c__ Halobacteria;o__Haloferacales;f __Halorubraceae;g__ Halorubrum;s__Halorubrum sp. BV1 0 0 0 0 0 ® ° °
k__Archaea;p__Euryarchaeota;c__Halobacteria;o__Haloferacales;f__Halorubraceae;g__Halorubrum;s__Halorubrum tebenquichense 0 0 0 0 0 [ ] _
k__Archaea;p__ Euryarchaeota;c_ Halobacteria;o__Natrialbales;f__Natrialbaceae;g__Halostagnicola;s__Halostagnicola sp. A56 0 0 0 o] 0
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o__Natrialbales;f__Natrialbaceae;g__ Natrinema;s__Natrinema pellirubrum 0 0 0 0 0 ) \
k__Archaea;p__Euryarchaeota;c_ Halobacteria;o_ Natrialbales;f__Natrialbaceae;g__ Natronorubrum;s__Natronorubrum tibetense 0 0 0 0 0
k__Archaea;p__Euryarchaeota;c__Methanomicrobia;o__Methanomicrobiales;f__Methanomicrobiaceae;g_ Methanolacinia;s__Methanolacinia 443 2565 2276 1717 1337
k__Archaea;p__Euryarchaeota;c__Methanomicrobia;o__Methanosarcinales;f__Methanosarcinaceae;g__Methanosarcina;s__Methanosarcina m. 0 0 0 o] 0
k__Bacteria;p__;c_ ;o_ ;f ;g ;s_ bacteria symbiont BFo2 of Frankliniella occidentalis 0 0 0 o] 0

C. Martino et al. mSystems (2019) &ﬁ‘ ! IZ 2
D



Hartwig Medical Foundation (HMF) Dataset

e Contains over 5,000 metastatic human
tissue samples

« Whole Genome Sequencing (WGS)
* Resulting in low-depth microbial reads




WGS of HMF data with GRCh38 host depletion
shows splitting across sex in RPCA plot

AXxis 2 (41.31%)
p = 0.00025 o

Axis 3 (5.914%)
Axis 1 (52.77%)

B female B mae




'/mproved
mMapping of
human'yY
chromosome
reference

S. Aganezov et al. Science (2022)
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WGS of HMF data with GRCh38 + T2T-CHM13 host
depletion shows no splitting across sex in RPCA plot

Axis 3 (5.914%)

Axis 2 (41.31%)

p = 0.290177

Axis 1 (52.77%)

B female

B mae

Axis 2 (40.58%)

Axis 3 (4.885%)

Axis 1 (54.54%)



Male samples have many more reads removed
using CHMI13-T2T compared with females

BOO000 Male

Female
S0Q000
A00000

300000

200000

Number of reads removed with CHM13-T2T

100000




Going from whole genome sequencing to
mMicropbial taxonomy

Human Tissue
Samples

Computational

Removal of

Whole Genome Human Reads

Sequencing "Hopletion”

Check for Bioinformatic

contamination M Analysis for

+Host DNA Microbial
contamination Reads

*Microbial DNA «Assign reads to
contamination microbial taxa

(Woltka)
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Using fecal microbiome studies to check our
host depletion pipeline

Typical fecal microbiome study workflow:

DNA Fragments A
s > .

Relative abundance

Fecal samples are often publicly accessible because they
are thought to contain such small amounts of human reads
especially after host filtering




Current methods are not removing all the host data

nature microbiology

DNA Fragments

Explore content ~  About the journal ~  Publish with us ~

nature » nature microbiology » articles » article

Article | Open Access | Published: 15 May 2023

Reconstruction of the personal information from
human genome reads in gut metagenome sequencing
data

Yoshihiko Tomofuji &, Kyuto Sonehara, Toshihiro Kishikawa, Yuichi Maeda, Kotaro Ogawa, Shuhei

Kawabata, Takuro Nii, Tatsusada Okuno, Eri Oguro-lgashira, Makoto Kinoshita, Masatoshi Takagaki,

Kenichi Yamamoto, Takashi Kurakawa, Mayu Yagita-Sakamaki, Akiko Hosokawa, Daisuke Motooka,

Yuki Matsumoto, Hidetoshi Matsuoka, Maiko Yoshimura, Shiro Ohshima, Shota Nakamura, Hidenori

Inchara, Haruhiko Kishima, Hideki Mochizuki, ... Yukinori Okada &=  + Show authors

Nature Microbiology (2023) | Cite this article

89 Altmetric | Metrics

Okada et al. Nature Microbiology (2023) Guccione et al. Nature Microbiology (2023)




Using the pangenome for host depletion

nature

Explore content v  About the journal v  Publish with us v \D

nature > articles > article Mllestones
Article | Open Access | Published: 10 May 2023 .
RawData Assemblies
A draft human pangenome reference
Yearl 47 47
Wen-Wei Liao, Mobin Asri, Jana Ebler, Daniel Doerr, Marina Haukness, Glenn Hickey, Shuangjia Lu,
Julian K. Lucas, Jean Monlong, Haley J. Abel, Silvia Buonaiuto, Xian H. Chang, Haoyu Cheng, Justin RawData Assemblies
Chu, Vincenza Colonna, Jordan M. Eizenga, Xiaowen Feng, Christian Fischer, Robert S. Fulton,
S dls 100+ 100+
Shilpa Garg, Cristian Groza, Andrea Guarracino, William T. Harvey, Simon Heumos, ... Benedict Production
Paten + Show authors
RawData Assemblies
Nature 617, 312-324 (2023) | Cite this article
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How can we use the pangenome to host deplete?

Current method: Developing method:
Human Reference 1 y lumina ONANOPORE @ PACBIO'
Haplotype-Phased Assemblies:
Human Reference 2 v
Human Reference 3 >

Human Reference 47
Liao et al. Nature (2023)

Are these microbial?



Target Dataset:
Characterizing Several
Childhood Cancers

CANCER GENOMICS CLOUD

SEVEN BRIDGES

UCSan Diego

School of Medicine




Target Dataset

« Therapeutically Applicable Research to

Generate Effective Treatments (TARGET) A
In childhood cancer § TARGETY

« Contains over 13,692 applicable samples
that can be translated to low-depth
microbial reads

o VariOUS cancer typeS inCI Ud | ng : The Therapeutically Applicable Research to

Generate Effective Treatments program is
Acute Lymphoblastic Leukemia characterizing several childhood cancers.

Acute Myeloid Leukemia

Neuroblastoma

Osteosarcoma @ CANCER GENOMICS CLOUD
SEVEN BRIDGES

Rhabdoid Tumors

High-Risk Wilms Tumors




Childhood Cancer Microbiome Questions

Using Target from CGC

« Can we see differences comparing one cancer type vs. all others using
tumor tissue?

« Can we see differences comparing one cancer type vs. all others using
‘normal’ blood?

* Are the microbes represented in childhood cancers similar to those In
corresponding adult cancers?

Using Additional Data Resources
« Can we validate these findings across a larger subset of childhood cancers?

« Can we validate these findings across another dataset with the same cancer
types?



Target Dataset Breakdown

~NA * 13,116 bam files
Sequencing 7 childhood
Cancertypes

Blood- « 157 bam files
Derived

Normal « 3 childhood cancer types

Whole « 576 bam files | Péimary ) _
Genome « 6 childhood ga?]%e-rD_eg\éie « 125 _bam files
Sequencing cancer types Marrow « 2 childhood cancer typeS

AN

« 114 bam files
« 2 childhood cancer types




Target Dataset WGS: Checking for Contamination

p =0.577 p =0.001

B Female B Blood-Derived Normal
B Male B Primary Blood-Derived Cancer — Bone Marrow
B Unknown ¥  Primary Tumor



Target Dataset Breakdown

~NA « 13,116 bam files
Sequencing 7 childhood
Cancer typeS 8 “‘:

Blood- « 157 bam files
Derived

Normal « 3 childhood cancer types

. o
K3 -
---------------------------------------------------------------------------------------------------------------------------------

Whole « 576 bam files Primary _
Genome « 6 childhood g;%i-rD_eg\éii « 125 _bam files
Sequencing cancer types Marrow « 2 childhood cancer typeS

AN

« 114 bam files
« 2 childhood cancer types




Target Dataset WGS: Blood-Derived Normal

p =0.001
o %% g @
s LD
oo gfu
® ..'. % *
B Acute Lymphoblastic A T
Leukemia Phase 2
... ‘..

B Kidney — Rhabdoid Tumor o ’

B Osteosarcoma




Next steps for Target Data

Finish analysis of RNA-Sequencing datasets
Combine analysis of WGS + RNA-Seq as done in Poore et al. (2020)
Run random forest machine-learning models:

« Can we see differences comparing one cancer type vs. all others using
tumor tissue?

« Can we see differences comparing one cancer type vs. all others using
‘normal’ blood?

Are the microbes represented in childhood cancers similar to those in
corresponding adult cancers?




Next step for Cancer Microbiome

Diagnosis Prognosis

Survival

Microbial Similarity

No
detectable
disease

G. Sepich-Poore, et al. Science (2021)
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