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Content of the lecture

* 1) Sequencing in microbiology

* 2) Physiological microbiota

* 3) Human microbiome




Historical parallels

Johannes Gutenberg (1450) Making knowledge available to
The invention of the the public (=loss of influence of

printing press the Church)




And what about Microbiology? ‘ -

The Human E I{g?m fon s n
Genome Project | ) 0

Next Generation Sequencing (2007)
Human Genome Sequencing /

(HGP officially started 1990 and completed 2003)

It took 13 years to sequence the first

human genome . . .
And today: the WGS - days; the NGS Massive development of microbiome

(specific sections) - only tens of hours! science

Making data publicly available:




Something scientists are interested in and
maybe you should be too o
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First generation sequencing (Sanger sequencing) . . .
- panbacterial PCR Third generation sequencing

- typing of some bacteria (spa types of S.aureus) (PacBio‘, Nanopore) :
- Real-time sequencing

M

Second generation Research Human Nanospace sequencing
sequencer: 454 GS20 Microbiome Project

Sanger method Human .Genome Complete eukaryotic
Project genome

1981 1995 2001 2007 2011 2019
1977 1990 1996 2005 2008 2014

Human mitochondrial Complete cell genome Complete the Human Second generation Third generation The third stage Human

genome sequence Genome Project sequi\ncelr: G;netic sequencer: PacBioRS microbiome project
oo L nalyzer

Second generation sequencing (Next-generation sequencing)

= massively parallel sequencing
- Whole genome (WGS) / exons (metagenome) / specific
. i Thanks to
sections only (profiling) )
- bacteriomes, viromes, bacterial genomes (resistomes, Dr. Marcela Krutova

relatedness for epidemiology)



Where can it be used?

Diagnosis of infections from
/ primarily sterile materials

Analysis of the bacterial genome
- Virulent strains

- Resistance genes (ResFinder)
- Clonal spread (BioNumerics)

Fecal microbiota transplantation

- donor testing

- monitoring of marker bacteria
retention

Study of the human microbiome
association with non-infectious
diseases: IBD, IBS, T1D, obesity, etc.




Panbacterial PCR Materials?

Primarily sterile!

B
Primer (cilova sekvence pro primer je u viech) Heart valves and other tissues

TGCCGTAA

)

...ACGGCAH...ACGch.ﬂccaﬁcmcmmmcrrﬁﬁhn.] Aspirates (joint, pleuaral etc)
Stafylokok

GCCGTAA

)

ACGGCATT.. ACGGCATTCGGCAACTGTGCACTTGGA... }
Streptokok

|

GACGGCATT.. ACGGCATTCGGCAACTGTGCACTTGGA... J
Enterokok

Very rarely: whole blood, BAL




How do you do it?

e Two-round process
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—R6: 1.301-1.542
RS:1051-1.300
s R4: 751-1.050
R3: 501750
R2:251-500
w—R1:1-250

Nature Reviews | Microbiology

1. 16S rDNA amplification

2. Sequencing of the 16S
rDNA amplicon

16S rDNA is a linear structure - > transcribes into a linear rRNA, and folds.

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp

vi v2 v3 va Vs V6 \ va ve

CONSERVED REGIONS: unspecific applications

VARIABLE REGIONS: group or species-specific app

Figure 1: An example of a 165 rRNA gene. The regions in green are conserved in all microorganisms. These are the sites that are targeted by primers for PCR
amplification so that all the 165 fRNA genes in a sample are amplified. The grey regions are the species-specific regions that-- when sequenced-- allow for
scientists to see which species are present in a community. Image courtesy of: http://www.alimetrics net/en/index.php/dna-sequence-analysis

linati




3.3. Suspected polymicrobial samples

Ot h e r u S e S Of Figure 7: Suspected polymicrobial samples with single or no pathogen reported by P

LS L—v NegE
panbacterial PCR BB
* It is also tested from NON-STERILE e e

Streplococcus/GLT32452 s 183

MATERIALS (i.e. often SO I [ .

Porphyromonas/Porphyromonas_sp

. . (~1,100]
Porphyr
polymicrobial) ———
(100,200]
) (300,1e+03]

(18+03,1e+04]
Murdochiella/LTE32322 s

FO r t h e exa m’ h oweve r’ th e Mobiluncus/Mobiluncus curtisii

Lactobacillus/Lactobacillus gasserl

indications for panbacterial PCR Kasors oo s

JRNA_g/JRNA s

are primarily sterile materials! i

Finegoldia/Finegoldia magna

(12404,10+05]

67

Ezakiella/Bacteroides coagulans |

Escherichia/Escherichia_sp-

®

Enterococcus/Enterococcus faecalis 196

Clostri Clostridium perlri

Clostridium_g24/DS890270_s

Clostridium_g24/Clostridium bolteae

https://static.metagenlab.ch/2023 ESGMD_ metagenomics/



https://static.metagenlab.ch/2023_ESGMD_metagenomics/

Material: culture-negative joint

1. Evaluation of the PCR curve aspirate

" Positive
i control

Ampilification

1 : POSITIVE
T ........................... = there is bacteria

= : inside. But which one?
< K : ;
2 6 T C valuereflects the cycle
= ] when fluorescence increases
& 4 ]| abovethe background
+ \_ threshold ]
5 ] ; : Internal
TR Threshold cycle (Ct) = control
0 1 B ——— s — Negative
R S S S control

0 10



2. Sequence evaluation

Sequence goes to the NCBI BLAST database

Rating:
- Sequence similarity (98-100%)
- Number of hits

Sample: BA-9454

CGCCGCGTGAAGTGAAGGTCTTCGATCGTAAAACTCTGTTATTAGGAAGAACATATGTGTAAGTAACTG
TGCACATCTTGACGGTACCTAATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG
GCAAGCGTTATCCGGAATTATTATTGGGCGTAAAGCGCGTAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCACG
GCTCAACCGTGGAGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGGAAAGTGGAATTCCATGTGTAG
CGGTGAAATGCGCAGAGATATATGGAGGAACACCAGTGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGAT
GTGCGAAAGCGTGGGATCAAACAGGATTAGATACCC


https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome




A little terminology to start with

Microbiome Microbiota / micp&flora
= genome = living organisms

Molecular Cultures
methods K methods /




PHYSIOLOGICAL MICROBIOTA

n ‘ Coagulase-negative
N )T \("‘* staphylococci, diphtheroids

Viridans streptococci, oral
neisseria, diphtheroids

' Viridans streptococci, oral
‘ neisseria, diphtheroids

E Viridial streptococci

< (swallowed)

Almost everything: Anal Swab

- except Gl infections A

(Campylobacter, Salmonella,

Yersinia)

- Toxigenic C. difficile and H.
pylori (in stool)

- Parasites (Cryptosporidium,

CoN staphylococci,
diphtheroids, enterococci
(103 and less in urine)

w Entamoeba histolytica etc.) but
Lactobacilli, not Blastocystis unless
. l diphtheroids CoN symptoms are present
C staphylococci, viridal )
'_ . Coagulase-negative
1 / streptococa staphylococci, diphtheroids,

micrococci (Cutibacterium
acnes)




PHYSIOLOGICAL
MICROBIOTA

Most common materials with physical
microbiota

e Skin abrasion

Nasal and nasopharyngeal swabs

Throat swab

Vaginal swab

Rectal and stool swab

(Sputum and aspirates from DCD - but that's
contamination from HCD)

NOS
KN stafylokoky, SA
difteroidni tycinky, MC

NOSOHLTAN
difteroidni tyCinky
viridujici streptokoky
Gstni neisserie

DU, ZALUDEK
viridujici streptokoky
stni neisserie
veillonelly, GNAC
prevotelly, bakteroidy
v zaludku vse

v mensim mnozstvi

DCD A PLICE
dynamicka mikrobiota
(viridujici streptokoky,
prevotely, veillonelly)

DISTALNi URETRA
KN stafylokoky
difteroidni tyCinky

enterokoky
e A—|

P ——————————
VAGINA (DOSP. ZENA)

laktobacily
korynebakterie

KN stafylokoky
streptokoky, bakteroidy
G. vaginalis, M. hominis
et genitalium

U. urealyticum

kvasinky (zejm. rod
Candida)

VNE)Si GENITAL
KN stafylokoky
difteroidni tyCinky
Mycobacterium

TENKE STREVO
laktobacily
bifidobakterie
bakteroidy
streptokoky
enterobakterie aj.

TLUSTE STREVO
obligatni anaeroby:
bifidobakterie
eubakterie
fusobakterie
peptostreptokoky
klostridie aj.
fakultativni anaeroby:
napr. enterokoky
enterobakterie

KUZE

KN stafylokoky*, SA*
difteroidni tycCinky*

C. acnes, mikrokoky
NEHTY

vSe oznacené *

+ mykotické organismy

smegmatis




e

Skin abrasion Coagulase negative staphylococci,
diphtheroids

Nasal and nasopharyngeal swabs Skin microbiota, S. aureus carriage

Throat swab Viridans streptococci and neisseria,
anaerobes

Sputum and aspirates from DCD Almost "sterile"

Vaginal swab Lactobacilli, skin microbiota

Rectal and stool swab Enterobacteriaceae, enterococci, skin

microbiota



Coagulase-negative staphylococci

* Where does it make sense to test
them? For all materials at risk of
formation:
* Blood cultures *
Catheters with significant quantity*

Orthopaedic materials (tissues,
aspirates, swabs)

Wound swabs in spondylosurgical
patients

Deep wounds with signs of infection

= 2 & e P
Staphylococcus aureus biofilm collected from an infected indwelling catheter
(The Role of Bacterial Biofilms in Antimicrobial Resistance, ASM, 2023)



Name Haemolysis on
blod agar
S. aureus Yes

(coagulase-positive)

Pathogenicity

+++

CoNS are not only S. epidermidis and S.
saphrophticus

Physiologically in the nose (about

20%);

Pathogenic potential:

- IKMT, orthopaedic, pneumonia (!
PVL+), IMC, ICU,

- Enterotoxicosis, STSS, SSSS

S. capitis Yes +
S. epidermidis No + Physiologically on the skin;

— Colonisation of catheters, substitutes
S. hominis No + and valves
S. haemolyticus Yes +
S. lugdunensis Yes ++ Physiologically on the skin;

IKMT, orthopaedic, endocarditis, ICD

S. saphrophticus No * Physiologically on the skin;

INC

* IKMT = skin and soft tissue infection; BSI = bloodstream infection; IMC = urinary tract infection; STSS =
staphyl. toxic shock syndrome; SSSS = staphyl. scalded skin syndrome; PVL = Panton-valentine leukocidin)




**l Vymaz I(opiel F2-ramec F3-oper Fo-vyd

aerobni periferie
INDM Interna - standard. 7_stanice

upf+lok:
oddél:

prjato:

o 16.12.2023-00:12
16.12.2023-09-48

uzavieno:

Positive:

2/4 bottles

L-Identif

Hzolace

D-Maldi I C-ceka I H-Dohfati I O-opak I E-Klin IV—Iden.KDkyIZ—Zamraz'rlI S-ser I X-mimo IF—DUPLIKATl

Operace
MIKROSKOPICKY

17.12-05:41 I Preparat z Klinického materialu:

18.12-07:16 I Maldi - koky

citl zény Stafylokoky (3 fady)
Doba do pozitivity

MacCon key puda HK

17.12-07:55
. 17.12-00:52
L 1712-05:41

Visledek ([F10]-vstup do editoru, [Ins] - tisk, [Ctrl /ins] - kopie operace , [Altns] - kopie vétve, [Shift/Ins] - vioZit kopii )

g+koky wve shlucich

Staphylococons epidermidis

0XA+ PEN? COT+ ERY+ KLI+ TET+ RIF+ OFL+ VAN-

14 Ok 41m

TEI- GEN+ LNZ+ TGC+ CPT+

Materid:  Hemokultivace aerobni periferie

VySetfeni: hemokultivace, hemokultivace pozitini |

hemokultivace vyockovani

MIEROSKOFICKEY

Preparat z klinického materidlu:

Kultivace

Staphylococcus epidermidis
ANTIEIOGRAM

C

Nalez 1:

oxacilin....
kotrimoxazol
=5 o ol o R
KlindamyCine e ssenssssanannnn
tetracykline e e snnnnannan
rifampiciNeiesesssassasansannns

A a8

g+koky we shlucich

diskovd difusni metoda)
ofloxacin.
gentamicin
linezolid. seeieininninnnninnan
tigecyklin.eese v eeenennnncnnnn

ceftarolingé.....ciininnnennnan

00060

Zkratky: C = citlivy, R =

ATB stiediskem

rezistentni, I =

intermedidlni, *

= vysledek k dispozici po konzultaci s




Significant

15.12.2023-12:01
16.12.2023-13:33

=]

quantity (>15 CFU)

centréini Zilni
CH34 3_chir_klinika-JIP asept uzavieno:

= — aldi I C-ceka I H-Dohfati I O-opak I E-Klin IV—IUen.KDkyIZ—Zamraz'rtI S-zer I X-mimo IF—DUPLIKAT'

Vysledek ([F10]-wvstup do editoru, [Ing] - tisk, [Ctrl /ins] - kopie operace | [AltIns] - kopie vétve, [Shiftng]

16.12-08:12 || izolace na Krevni agar dete
18.12-08:32 I Maldi - koky Staphylococcus hominis
18.12-10:23 citl zény Stafylokoky OXA PEN? COT ERY FKLI TET RIF OFL VAN TEI GEN LNZ TGC CPT
16.12-08:12 | | kvantita > 15 CFO

. 16.12-08:12 |] duplikat operace
16.12-08:12 I izolace na Krevni agar
18.12-08:32 I Maldi - koky

J (=H . 15.12-13:33  Krevni agar (Columbia) SONO negativni
J L 15.12-13:33  Trypton-sojovy bujon

Materidl:  Katetr cévni centralni Zilni
VySetfeni: céwni katetr - vySetfeni

MRAET

Walez 1: Staphylococcus hominis =15 CFU

SO0ND

Nalez: pegqativni




o 12.12.2023-10:40

pfijato: 12.12.202313:54

uzaviena:

*‘l Vymaz KopialF?_-ra'mEc F3-oper F6-wyd D-Maldi I C-ceka I H-Dohfati I O-opak I E-Klin IV—Idan.KDky I Z—Zamraz'rll S-ser I X-mimo IF—DUPLIKAT

Kult Dat Operace Vysledek ([F10]-vstup do editoru, [Ins] - tisk, [Ctrl /ins] - kopie operace |, [AltIns] - kopie vétve, [Shiftins] - vioZit kopii ) T(U|O
MIKROSKOPICKY

J 12121354 I Preparat z klinického materialu: bunééna drt, lenkocyty masivné, bez mikrobun

J__I—I III
L 12121354 I Krevni agar se stafyl.Carou (Columbia) negativni -

|| L 12.12-06:50 [ doniati asse = O

| 12 12-1354  MacConkey agar e

. 12.12-13:54 | | bujén thioglykolatovy
. 1212-1354 I Kkrevni agar (Columbia) - pomnozeni dees

14.12-08:18 I Maldi - koky Staphylococcus epidermidis

14.12-08:18 | | citl zony Stafylokoky (3 fady) OXA- PEN? COT+ ERY- KLI- TET+ RIF+ OFL- VAN+ TEI+ GEN+ LNZ+ TGC+ CPT+
. 1212-13:54  MacConkey agar - pomnoZeni

— . 1212-1354  Schaedler - 1.éteni Begativad < |oco O
s . 12121354 Schaedler VL Wysledek prodlomZené kultivace sdélime dodatedné. -
|+ . 12.12-13:54 | Bujén pro anaerobni kultivaci - thioglykolatovy O
b sarster. wackonos. ey - [ . O
| (= . 1212—13:54. Schaedleniv agar - primokultivace a5 - O x
| |: 1412—07:05. Maldi - anaerobi il s e |eea O D

14.12-08:33 | | kvantita seela—-ojedinsle = O



Material:  Stér z rany, defektu, pistéle, eflorescence... hluboka operacni 1.vzorek (Odbér)
VySetfeni: hluboka rana - kultivace vé. anaerobu

FRIMOEULTIVACE

Nalez 1l: Staphylococcus pseudintermedius
BNTIBIOGRAM (diskova difusni metodal

o¥aCilin. . ceseennnsanasnnannan C REE=ha B £ e o
KOLPimoXaZ0l. e e saseennannsaman C telkoplanin. . ue senwaanans snsan
= oyt vt 4 a7 a8 C s (=301 v2='1 o 5.+ AR
Elindamycife e eevunssnssnnsnnas C linezolid. vevennvnnnnnnnnnnns
tetracykline e nen s nesnnsnnas C tigecyklin. . cennnnnnnsnnnan
hga T f-'h1 ) o X o o C ceftaroling. v sennannansnnnan
0ElOXBCIiN. cnnssnnassmasnmannas C

Halez 2: Corynebacterium sp
ANTIBIOGRAM (diskovid difusni metodal

Penicilife snnssnanssnssnnannns R CefotaXiM. vesansnansnnnssnnnns

BMPICIiliN. cuwaesannsnsanssnnan C bl o o o AR

ElindamyCiN. eue sasssssans snman R VARKOMYCIN e s s s s nsanans sanan

kotrimoXazol. e weerienesnnsnnas C linezolid. vesencnananmnnsnnnas

NorfloXaciNeessvanssnsanssamwan C Ligec¥klin.e.euw sanwaanans nnean
POMNOZENT

Walez: dtio

Anasrobni Jultivace

Nalez: negativni

e ErEs R ]

N rErEzrEt]



All in a sterile sample:

[ Tissues
J Heart valves

H Blood cultures (except one of several

vials where CN staphylococci - susp.
contamination)

O Joint aspirate

[ Cerebrospinal fluid

Among other things:

J More than 103 CFU from
suprapubic puncture

[ STD pathogens in children

O E.coliin from stool samples in
infants and toddlers
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A little terminology to start with

Microbiome Microbiota / micp&flora
= genome = living organisms

Molecular Cultures
K methods /




Human super-organism

Do they live with us or do we
live with them?




Are we more human or more microbes (bacteria)?

human cells

A
[ ‘L

cells
(x107) I

B erythrocytes O others W bacteria

Sender et al, PLOS, 2016



Are we more human or more microbes (bacteria)?

human cells bacteria

A A
[ | |

cells
[x10?] I _

B erythrocytes O others W bacteria

Sender et al, PLOS, 2016

e 30 trillion

Human
@ (3.0x10)%3
Bacteria 38 trillion
@ (3.8x10)%

1.3x more bacterial ,@



Are we more human or more microbes (bacteria)?

human cells bacteria

A A
[ [ |

cells
[x10?] I _

B erythrocytes O others W bacteria

Sender et al, PLOS, 2016

_ Number of cells Number of genes

Human 2 30 trillion 20-25 thousand
@ (3.0x 10 )13 (2.0x 10 )*
Bacteria 38 trillion 2-20 million
@ (3.8x10)3 (2.0x 106-2.0x10)7

1.3x more bacterial ,@ 100x more bacterial



Are we more human or more microbes (bacteria)?

human cells bacteria

A A
[ [ |

cells
H 13 10 - 0.2 M erythrocytes [ others W bacteria

M adipocytes B muscle cells

mass
[ke]

Sender et al, PLOS, 2016

Human 30 trillion 20-25 thousand 70-100 kg
@ (3.0x10)3 (2.0x 10 )*
Microbes 38 trillion 2-20 million 0.2 kg
@ (3.8x10)13 (2.0x 106-2.0x 10)?

]

1.3x more bacterial @ 100x more bacterial '@ 350-500x more huma@



Microbiome

IN NUMBERS

Microbiome
Ireland
Interfacing Food & Medicine

The microbiome is more
medically accessible

and manipulable than the
human genome

nicrobeas live in and on evary
parson and make up the human microbiota

Itis
thought that

%

of disease can be linked in some
way back to the gut and health of
the microbiome

5:1

Viruses:Bacteria
in the gut microbiota

Tha rnumber
of times
- your body’s

microbes would cirde tha earth
f positionad end to end

—

e
Each ir:\di\/ideal has a unique ﬁ
gut microbiota, as 2 //4/}),/1

personal as a fingerprint

[ o You have
| A 7| : V ‘ X
L # I @

more microbes than human cells

2k The gut microbiota can
Numbear of diferent morobel spacies that resaamchers g weigh up to 2Kg
have idensfisd iing in and on the human body



The physiological role of the microbiome

* Digestion
PN
& Lo ww

 Metabolism (vitamins and V4 O Fend off @19)#
P

pathogenic

. . i b
short-chain fatty acids) = S Bresicdown
 Regulation of the immune Y D ge
DL T ) o
system P 8
Stimulate the b _ }/b‘/
. . . immune system Gut Microbes '
* Defence against infection Synthetise

vitamins, SCFA

* Integrity of the intestinal W VWV)
ity WY

Wa” Protect epithelial
cells of the gut



WHAT IS HE MOST AFFECTED BY?

~ C-section
Ormula feedin
. . g
E xe.rc:se Envfm"menta’ Pollutant
Diet Circadian disruption ’
Breastfeeding % Stress
Vaginal birth edemary Tesiyie

P -
Genetics rocessed diet

Other Medications
w
EUBIOSE DYSBIOSIS

Non-specitic

intestinal

Atherosclerosis
and CVD

inflammation (IBD)

Crohn's disease

Irritable bowel
syndrome (IBS)

(CD)

Allergies, asthma,

i D
celiac disease Obesity, T2




So what is a * e
"good" diet? Sl L

2 < = z |
Diet low in animal fat and protein h

Diet high in animal fat and protein
but high in plant fibres

but low in plant fibres

Host enzyme | Acid Wednescay Host Proteolysis
(microbiome-wise) ¢ —
Indigestible DO D Peptides
polysaccharides Thursday

e ™

Sulfur Other Aromatic
Indigestible but amino acids amino acids amino acids

DO fermentable Friday \

3%'4§' a :‘l i Lo 0162 ;ol:a:;arades +|'t},
9 % \% ," %‘:Q;E\g%(zdfﬁ am+r ay

Fermentation

v * Methionine Tyrosine Phenylalanine Tryptophan

* Cystine

* Cysteine W\ = * (N
S ~ FAD N

"'\& * b ) \ “ ¥

* Taurine

q l Microbiota related to metabolic health I Sunday I Aberrant microbiota related to metabolic diseases
* " 5 w ‘i Sulfate * Deamination Miscellaneous
. 1 reduction * Decarboxylation reactions
$ - SCFAs
PP P 5 T e Lt 2 Phenvacec: ENETINIE
secretion b « p-Cresol * Indole
- * Phenyl- ropionate
e o {g | 3 Propionate Acetate Butyrate T Methane 1 sNelz‘r::tsion - gH propi)(l)nate . ﬁ\dgle
s 'y, ' - Organic acetate
# ¢ ’ ; 3 3 acids = Indole
R 4 b L Luminal pH
T Acetaldehyde
PR Y R
/ PPARY

"Thirty different plants

per week"
(Knight et al, American Gut Project, 2012)

® @ % ® W05 W
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Fan & Pedersen; Nature Reviews Microbiology, 2020



Short chain fatty acids (SC

Non-starch Resistant
polysaccharides starch
vctoe [ Succinate |
| Succinate |
Pyruvate Acatate
Lactic acid
Acetyl CoA bacteria 2
Bacteroides
Ruminococci
Lactate
Acetyl-CoA Lactic acid
bacteria
—_— —_—
I I ¥
| Acetate | Butyrate Propionate
Bacteroides I Clostridia I Bacteroides
Bifidobacteria Eubacteria Clostridia
Clostridia I Fusobacteria I Propionibacteria
Desulfovibrio Ruminococci Veilonella
Eubacteria I
Fusobacteria
= _— —_— _— —_—
Peptococci
Peptostreptococci
Propionibacteria H
ol Nutrition for enterocytes:
Veillonella

* promote cell proliferation and repair
* promote differentiation
* tighten connections (tight junctions)

Ramakrishna BS. J
Gastroenterol Hepatol 2013



How is this analyzed?
Or step by step - from sample to pretty pictures

Laboratory work

DNA isolation

. PCR #1: amplification of 16S rDNA
(staggered primers) with ELFO control

. Purification #1
. PCR #2: Indexing

DNA library
preparation

. Purge #2

. Equalization of samples

. Pooling

>equencing . Getting the final pool of DNA libraries

Data acquisition
(OTU table)




Stool collection

Stored at -80°C

| ___—™] DNA stored in -80°C

DNA Extraction

PCR for 16S rDNA

Mass sequencing of
this gene

Group reads by
similarity, count them

Classify taxonomy

>0TU1:
AAGCATATGCTATGATCGATCATCATGACT
>0TU2: CATGATCTGACTATTATTCGCGATTTG
>0TU3: GCGATATTCGATCTATTCGATGCGGAT

>O0TU1: Firmicutes; Clostridia; Clostridium piliforme
>0TU2: Firmicutes; Clostridia; Ruminococcus bromii
>0TU3: Firmicutes; Bacilli; Leuconostoc

Randomly
fragment
total DNA

Sequence,
assemble genes

Analyze composition

P8
Pl
PL
Pl
P 23
P2n
#73
P
PL
(Xl

SRR RERLY

controls

Compare cases with

Data analysis

Actinobacte] _Bacterodete p_Fimict unes _proe

caco

bundance.

S0

> glucosidase

ClaSSIfy genes > lambda phage capsid

by function > lactase
> cable pilus

Assess functional capabilities of
the microbiome

Compare cases with controls




Gene for 16S rRNA

e = part of the bacterial small
ribosomal subunit (30S, consisting
of 21 proteins and 16S rRNA)

* Size: 1542 bp

* (Gene structure:

» conserved regions (where primers
are inserted) and 9 hypervariable
regions V1-V9 (this is amplified and
then sequenced).

* The most used area is V3-V4 (about -
440 bp) R R

Yarza P,. Nat Rev Microbiol; 2014

re Reviews | Microbiology



Gene for 16S rRNA

16S rDNA is a linear structure - > transcribes into a linear rRNA, and folds.

0 100 200 300 400 500 600 700 8OO 900 1000 1100 1200 1300 1400 1500 bp
Dvil ve [ v [ ve [vsl ve | vil vel v

unspecific applications
VARIABLE REGIONS: group or species-specific applications

Figure 1: An example of a 168 tRNA gene. The regions in green are conserved in all microorganisms. These are the sites that are targeted by primers for PCR
amplification so that all the 16S tfRNA genes in a sample are amplified. The grey regions are the species-specific regions that— when sequenced-- allow for
scientists to see which species are present 1n a commumnity. Image courtesy of: http://www.alimetrics net/en/index. php/dna-sequence-analysis

Benefits and why it is used:
* Itis both a highly conserved and ubiquitous sequence
* It's relatively easy and cheap to sequence
* There is a good reference database (Silva, GreenGenes, RDP)




What the result may look like

British Gut Project (] microbio. i df

i 4o YOUR AMERICAN GUT SAMPLE

10f1

What's in your American Gut sample?

ml == Firmicules Your most abundant microbes:  Your most enriched microbes:
80 . = Bactoroidelos =
= Proteobactetia i Sample Sample Fold
) Actinobacteria Genus Bacteroides 26.6% Genus Peptoniphilus 1.21% 0.11%  11x
@ “{°"°°°"‘“'-'°°‘ Genus Faecalibacterium  15.8% Genus Lachnospira 7.29% 0.88%  8x
& p— fenericutes Family Lachnospiraceae  10.5%  cont. Genus Ruminococcus  1.78% 0.71%  3x
20 . Fusobaciori Genus L i 7.3% Genus P X 0.07% 0.00% 37x
| Lokl = Other

FAII T E o s care vt ey et G A G e
& LS

How do your gut microbes compare to others? = @™ - cmes - unspostes

1 vour Courny
[ Westom Diet
[ ] Amarndians

= &

Different Body Sites Ditferent Nationalities The American Gut Population




Composition - what lives there?

Main strains Classes Examples of genera
Actinobacteria Actinobacteria Actinomyces; Bifidobacterium
Bacteriodetes Bacteroidia Bacteroides; Prevotella; Alistipes

Bacilli

Firmicutes

mm Firmicutes
| W Bacieroidotos
Proteobacteria
Actinobacteria
Vermucomicrobia
Tenericutes

Bacillus; Staphylococcus

Enterococcus; |Lactobacillus;|Lactococcus;
Streptococcus; Leuconostoc

| o ieashacieny Clostridia Clostridium; Coprococcus; Roseburia;
o | Faecalibacterium;| Ruminococcus
Negativicutes Veillonella
Proteobacteria Epsilonproteobacteria Helicobacter; Campylobacter
Gammaproteobacteria  Citrobacter; Escherichia; $higella; Klebsiella;
Providencia ....
Verrucomicrobia Verrucomicrobiae Akkermansia
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Outside bacteria: Blastocystis

External environment

 The most abundant eukaryote in the human gut 3 Large intestine

Gut microbiota

G, N~ S0,
o '.. ..&IQ N

W4 High bacterial diversity and richness
7= Anaerobic conditions

* Marker of high bacterial diversity *°

| - e
Ry,

* Prevalence varies

Binary fission
* Higher in developing countries (40-100%) 62

* Lower in industrialized countries (7-50%) and intestinal
diseases (up to 5%) °12

Stensvold, Trends in Parasitology, 2020

* |t is classified into subtypes (ST1-ST41) 13

¢ Confirmed 37 STs 1)Tito. Gut. 2019; 2) Andersen. FEMS Microbiol Ecol. 2015; 3) Rostami.
. Parasitol Res. 2017; 4) Clark. Adv Parasitol. 2013; 5) Cinek. Parasite Vectors.
e 15 of them in humans (ST1-5T4 represent 90% of a||) 2021; 6) Poulsen. Am J Trop Med Hyg. 2016; 7) Mohammad. Asian Pac J Trop

Med. 2017; 8) Oliveira-Arbex; Infect Genet Evol. 2018; 9)Wawrzyniak. Ther
Adv Infect Dis. 2013; 10) Stensvold. Parasitol Int. 2016; 10) Bart. BMC Infect
Dis. 2013; 11) El Safadi. BMC Infect Dis. 2016; 11) Scanlan. Infect Genet Evol.
2016; 11) Scanlan. FEMS Microbiol Ecol. 2014. 12) Lhotska. Front Cell Infect
Microbiol. 2020; 13) Hernandez, J Eukaryot Microbiol, 2023)



What is a "good and bad" outcome?

GOOD

High alpha diversity (300-1000 species)
Anaerobic environment (e.g. very few
Proteobacteria)

More SCFA producers

Blastocystis positive

A healthy microbiome?

BAD

Low alpha diversity (less than 100
species)

Many facultative anaerobes (e.g.
multiple Proteobacteria)

Few SCFA producers

Blastocystis negative



When parents/patients ask about

What influences the gut microbiome
C~Secti0n
Formula feeding

intestinal myrobiomyoma

Exe.rCiSe Env::ronmema, Pollutant
Tell them to: et Circadian disruption
e em to.: Breastfeeding Sod Stress
. . Vaginal b edentary |j
- Eat a wide variety of plant foods 28inal birth Proces 4T
Genetics cessed diet

O

- Sleep well, they exercise and they "Ae' medications
are outdoors Y Ntibiotics
Consultation of results: among e

others diversity and abundance of

anaerobes

What you can do as doctors:

- Tell them the same thing without being asked Be calm when you see the

- Prescribe ATBs only when necessary - physiological microbiota
antibiotics are not candies!

- Do not treat Blastocystis in an asymptomatic .
patient - But feel free to give us a call

“DYSBIOSIS”




Take-home message

1. You are a superorganism (cellular: 1.3 times more microbial than human)

2. Fibre-rich foods are the best food for gut microbes that produce SCFAs, which

are food for enterocytes and maintain gut integrity, among other things

3. The main strains of bacteria in the gut are Firmicutes and Bacteroides

4. Tell patients to eat a variety of plant foods, exercise and encourage
breastfeeding. Prescribe ATBs only when necessary.

5. Learn what a physiological finding from each sample looks like, so you'll be at
ease when you see it
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