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Sekvenacni metody



Metody

Fenotypove:

Biotypizace

Serotypizace (aglutinace, precipitace)
Fagotypizace

Genotypove:

Analyza (restrikCni) plazmidove DNA

RestrikCni analyza genomové DNA, hybridizace, ribotypitace
PFGE, PCR

Sekvenovani DNA

2 Podzim 2024
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Co e sekvenovani DNA?

— Sekvenovani je laboratorni metoda pouzivana k urCeni presného
poradi nukleotidu (zakladnich stavebnich bloku) v molekule DNA.
Nukleotidy jsou reprezentovany ctyrmi pismeny (A, T, C, G u
DNA), ktera dohromady tvori genetickou informaci organismu.

10 20 30 40 S50 60 70 g0 90
CGATIG A TTRAGCGGCCGCG AATTCGCCCTTICTC TAG ACG ATG ATTTACACGCATG TGC TG AAAGTTGGCGGTGCCGG AGTGC GC TCACCGC
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Co predchazi vlastnimu sekvenovani?

Izolace DNA Pfiprava na sekvenovani Celogenomové sekvenovani (WGS)
> VS.
Tzv. sekvenacni knihovna 16S rRNA sekvenovani/

shotgun metagenomoveé sekvenovani

¢ &
,,.———""‘J’

Vzorek/kultura

Bioinformatické vyhodnoceni
sekvenacnich dat
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Celogenomové sekvenovani
(WGS)

Sekvenuje cely genom organismu a
poskytuje kompletni genetické informace

vhodné pro identifikaci mutaci, variaci a
struktury genomu

Podzim 2024

16S/18S rRNA
sekvenovani

Zameéruje se pouze na
gen 165/18S rRNA pro
studium a identifikaci
bakterialnich druh(

Nejcastéji se pouziva pro
identifikaci a
taxonomickou klasifikaci
bakteridlnich komunit v
prostredi

Shotgun metagenomoveé
sekvenovani

« Nahodné sekvenuje

fragmenty DNA z
celého genomu (nebo
metagenomu), coz
umoznuje analyzu
komplexnich komunit
vSech organism{ ve
vzorku

Pouziva se pro
sekvenovani
komplexnich vzorkd,
jako je napriklad
stolice,
plda...(metagenomika),
nebo pro detailni
analyzu genomu

| jednotlivych organism

MUNI
MED
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Vyvoj sekvenacnich metod

Klasické sekvenovani kapilarni elektroforézou
- vyzaduje velky pocet kopii vstupniho materialu DNA jako
templat pro pripravu jednoretézcu
Sekvenovani nové generace
- Jako templat slouzi jedina molekula, ktera je amplifikovana
pro ziskani dostateCného signalu, produkuje kratka Cteni
Sekvenovani treti generace
- Jako templat slouzi jedina molekula
nevyuziva amplifikaci pro zvyseni signalu,
produkuje dlouha cteni
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History of DNA Sequencing

DNA DNA First Gen Second Gen Third Gen
Structure Sequencing Sequencing Sequencing Sequencing

1952 1965 1977
; : Frederick Sanger and Sanger refines the
Rosal I
ﬁzfomi F:‘ae';kx':a Robert Holley published method for DNA
P! grap y 2 papers laying groundwork  sequencing
diffraction of DNA P ying 9
for DNA sequencing method
1953 1987

Double helix structure of
DNA published by James
Watson and Francis Crick

Maurice Wilkins showed
Watson one of the DNA
images from Franklin

7 Podzim 2024

Applied Biosystems
commercialized the
Sanger sequencers

Sangerovo
sekvenovani

1996

Introduction of
Pyrosequencers

2005

454 launched first
high-throughput
sequencers

2006

Solexa launched
Genome Analyzer

2011

lllumina MiSeq personal
Sequencing System

2008-2009

Long Read Sequencers
unveiled

2011

PacBio RS
commercialized

2015

Oxford Nanopore handheld
MinlON sequencers
commercialized

PacBio
NanoPore

454 (pyrosekvenovani)
SOLID
lonTorrent
lllumina
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Sangerovo sekvenovani

— 1970s — Sangerovo sekvenovani (prvni generace)
* Frederick Sanger v roce 1977 vyvinul techniku sekvenovani DNA
« Tato metoda vyuzivala modifikované nukleotidy, které ,zastavuji“ proces syntézy DNA v

urCitych bodech, coz umozniuje urcit poradi jednotlivych nukleotidu.

* Nobelova cena za chemii (1958) — amino acid sequence of insulin

* Nobelova cena za chemii(1980) — dideoxy method of DNA sequencing

Podzim 2024
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Sangerovo sekvenovani

4 x PCR (+ one dideoxynucleotide)

ALy

Podzim 2024

ddTTP ddATP ddGTP  ddCTP

‘ DNA sequence

T BB B B B B
4

A i ol B B Ml BB B

A iy e ERT B Mol B B

i RN R RN

N G A I 6 G B

N A B &

B A ISl BSE

M G ¢ 7

B 6 B

T

i

a3

Use a
sequencing
machine

Separate
with a gel
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@ Reaction mixture
» Primer and DNA template > DNA polymerase

» ddNTPs with flourochromes » dNTPs (dATP, dCTP, dGTP, and dTTP)

Template
ddNTPs
ddTTP -@
ddCTF —@
ddATP —g
ddGTP -9

@ Primer elongation
and chain termination

i
5 peppp——— 3

5' eppp———_— 3’
5 P y—— 3

Laser

HH;
m ﬁ‘ ﬁ' ? /N Ny
HO-P—0—p—0—p—0 <N | A

oH b o N

MH;

o o Ty
| 1] ] i |
HO—P—0—F—0—F—0 A

N

| I N
OH ©OH OH b

OH

Denxradenosne inphosphals

OH

Dickeceeyartencaing ighasphats

@ Capillary gel electrophoresis
separation of DNA fragments

] Capillary gel

w

Detector

@ Laser detection of flourochromes
and computational sequence analysis

Chromatograph
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1990s — Projekt lidskeho genomu

— Projekt lidského genomu, ktery se zameril na sekvenovani
celého lidského genomu (asi 3 miliardy paru bazi). Tento projekt
trval priblizne 13 let a byl dokoncen v roce 2003. Pouzivalo se
predevsim Sangerovo sekvenovani.

— Dokonceni projektu znamenalo obrovsky prulom v oblasti
genetiky, otevrelo dvere pro studium genetiky nemoci a
personalizovanou medicinu.

==
m e
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2000s — Sekvenovani druheé generace (NGS,
Next-generation sequencing)

— Next-generation sequencing (NGS) metody, které umoznily

IIIII

NGS dramaticky zrychlilo proces a snizilo naklady.

— Jako templat slouzi jedina molekula, ktera je amplifikovana
pro ziskani dostatecného signalu, produkuje kratka cteni

==
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O =
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Clonal Reaction

Amplification Output
Pyrosequencing ,
Roche/454 ~—p €PCR ——» Luminescence \
Sequencing by Ligation . ePCR ~ WA Signal/Noise
Life Tech/SOLID Conversion

H+ lon Generation ePCR T l
Life Tech/lon Torrent Sequence

Reversible Dye Terminators
lllumina

/

weep Cluster ——» Fluorescence

13 Podzim 2024
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Hlumina

— lllumina je jednou z nejvyznamneéjsich technologii v oblasti NGS
Umozniuje sekvenovat velké mnozstvi vzorki DNA mnohem
rychleji a levneji, coz se vyuziva ve vyzkumu, diagnostice a studiu
ruznych organismu.

— Sekvenovani syntézou na Cipu (flow cell), které vyuziva strateqii
reverzibilnich terminatoru

==
m e
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Hlumina

A (lllumina sequencing)

1 Genomic DNA e = P
2 Fragmented DNA o wm s

3 Adaptor ligation . e

4 Amplification

oo =] N N\v

e ! C b b \17\\"” il

A |
5 Detection Cycle 1 Cycle 2
cN ®
@ —>

®

00 0

3. GACTAGATCCGAGCG

NS S e e
e
TGA ..
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iSeq 100 MiniSeq MiSeq Series

NovaSeq 6000 Series

16 Podzim 2024

NextSeq 550 Series

NovaSeq X Series




2010s — Sekvenovani treti generace

— Treti generace se zaméruje na sekvenovani delSich fragmentt DNA a
umoznuje Cist delsi useky bez nutnosti rozrezani DNA na kratké kousky.

— Jako templat slouzi jedina molekula. Nevyuziva amplifikace za ucCelem
zvyseni signalu, produkuje dlouha cCteni

— Potreba malého mnozstvi vzorku

— Bez rizika kontaminace

— Analyza poskozenych NK (archaicke, muzejni, forenzni)

17 Podzim 2024
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PacBio (Pacific Biosciences) - SMRT

 Kruznicové kontinualni sekvenovani |
- SMRT templat obsahuje dvouretézcovou oblast (inzert) na obou konC|ch
uzavrenou jednoretézcovymi vlasenkovymi smyckami

Zero-Mode Phospholinked
Waveguides Nucleotides

SMRT® Cells

PacBio® RS || Trace

-
>

i I I b
g T AT

wNy "
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Nanopore

— Vyuziva meéreni elektrickeho potencialu pres membranu

— Elektricky odolna polymerni membrana (synteticka lipidova
dvouvrstva) s transmembranovym poroznim proteinem

— Nanopore je ponoreny ve vodivem roztoku

— Pruchod bazi na sekvenovaném retézci prerusuje proud, ktery je
specificky podle prochazejici baze
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1154
dsDNA

@— cis
Membrane'~”

T— trans

WA

Motor protein

Nanopore

Current (pA)
o
vk

»

TGAAA GCTAACA AA TGAT G
0 10 20 30 40
Time (ms)

RLEAN
lons "< Ere<r”

o)
(&)

Array of microscaffolds

- Sensor chip

MinlON
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Nanopore devices perform DNA/RNA sequencing directly and in real time.
The technology Is scalable from mintature devices to high-throughput Installations

[ Which device is best for you? J

SmidglON Flongle

21 Podzim 2024

MinlON

GridION

PromethiON
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Metoda Princip Délka cCteni Presnost Mnozstvi ziskanych
dat

Sanger Terminace fetézce Kratka Vysoka Nizky (jeden
pomoci (500-1000bp) | (> 99,9%) fragment)
dideoxynukleotidu

Pyrosekvenovani Detekce pyrofosfatu pfi | Stredni Stredni Stredni
inkorporaci nukleotidd | (300-500bp)

SOLID Ligace oligonukleotidu | Kratka Vysoka Vysoky (100 GB/run)

(50-75bp) (> 99,9%)

lon Torrent Detekce zmén pH pfi Stredni Vysoka Vysoky (GB/run)
inkorporaci nukleotidu | (200-400bp) (~99%)

lllumina Reverzibilni terminace | Kratka-stfedni | Velmi vysoka Velmi vysoky (az
nukleotidu (150-300bp) (> 99,9%) TB/run)

PacBio (SMRT) Detekce fluorescence | Velmi dlouha Stfedni az vysoka | Vysoky
pfi inkorporaci (10-60kbp) (99 %)
nukleotidu
MinlION Detekce zmén proudu | Velmi dlouha Stredni Stredni
ofi priichodu DNA (a2 > 100kbp) | (~90-98 %) MUNI
nanoporem MED




Shrnuti sekvenacnich generaci

* Prvni generace (Sangerovo sekvenovani)

+ velmi presné, kratké fragmenty, levné (pro kratké sekvence)
- nevhodné pro velké genomy — nakladne, Casove narocné

= Druha generace (Next-generation sequencing, NGS)

+ rychle, relativne levné, rychlé vynosy

- relativné kratké fragmenty

» Treti generace (Oxford Nanopore)

+ pfesnost pfi skladani genomu (delSi fragmenty)

LI A0 4V 4
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DNA sequencing costs are
plummeting...but sample prep costs

have stagnated

“ £ Sample prep costis a
O’i?@o major part of lab
@
% budgets...
/79/9
“,
%
Cost of Gy
Sequencing Vs. OOO)@
Sample prep
\ Cost of Sample Prep
< L S - @ - @
2000 2005 2010 2015 2023 & Beyond
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Zpracovani surovych dat

Kontrola kvality (QC) dat
‘Nastroje: Napf. FastQC, MultiQC.
-Ucel: Posouzeni kvality surovych sekvenacnich dat, které obvykle prichazeji ve formatu FASTQ. Zde se

hodnoti aspekty jako:

 Kvalita bazi (Phred skore).
 Pritomnost adaptérd, kontaminace a artefaktd.
- Distribuce délek cteni.

Vystup: Kvalitativni hodnoceni, které urcuje, zda data potrebuji dalSi predzpracovani (napr. orezani

Q

nekvalitnich cteni).

25 Podzim 2024

FastQC: Per base sequence quality
Good data Bad data

uuuuuuu
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Orezavani a filtrovani

‘Nastroje: Trimmomatic, Cutadapt.

‘Ucel: Odstranéni nekvalitnich bazi na zacatku nebo konci cteni, odstranéni adaptérdi nebo
kratkych fragmentd.

Vystup: Cista cteni pripravena k dalSim analyzam.

Trim

CAGCACAGAGGTCATACTGGCATTCTGAACG

=
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Zarovnani sekvenci
-Mapovani na referencni genom
» Nastroje: BWA, Bowtie2
 Ucel: Zarovnani sekvenovanych cteni na referencni genom (napr. u
celogenomového sekvenovani Toto je klicovy krok pro identifikaci
toho, kam jednotlivé sekvence patri v genomu.
 Vystup: Soubor BAM/SAM, ktery obsahuje zarovnané cCteni a jejich

polohu v genomu.

Sestaveni de novo
- Nastroje: SPAdes, Velvet, Canu (pro PacBio/MinION).

- Ucel: Pokud neni k dispozici referencni genom, sestavi se genom
,de novo" z pritomnych dat. Tento proces kombinuje Cteni a vytvari

konsensus sekvence.
 Vystup: Kontigy nebo scaffolds (delsi useky sestavenych sekvenci).

27 Podzim 2024 IVI U I\I I
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Feference genome

Beference

] = Assembly

De nove Assembly

AR ——
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Metagenomicka analyza

Klasifikace mikroorganismu

‘Nastroje: Kraken2, MetaPhlAn, QIIME, Mothur (pro 16S rRNA sekvenovani).
Uéel: Identifikace mikroorganism(i v metagenomickych vzorcich pomoci porovnavani
sekvenci s databazemi mikroorganismu nebo markerovych genu (napf. 16S rRNA).
‘Vystup: Taxonomické slozeni vzorku (zastoupeni bakterii, archei, virt apod.).

Maternal asthma Control

: . ll.
n\-l

i I II

1 2 3 1 2 3

. Bacteroides
B Prevotella
B Staphylococcus
Clostridium
Veillonella
Cupriavidus
Enterobacter
W Escherichia
Klebsiella
Shigella
Kosakonia
Other

Percent relative abundance

025 -
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Vizualizace dat

‘Nastroje: IGV (pro vizualizaci genomickych dat), R, Python (pandas, matplotlib, seaborn),

Plotly (pro grafy a heatmapy).

-Ucel: Vizualizace variant, struktury genomu, genové exprese a dalSich typl dat. Pomaha pri

interpretaci vysledk( a jejich prezentaci.
‘Vystup: Grafy, heatmapy, cirkularni diagramy, vizualizace genomu (napr. BAM alignment v

IGV).

C
N HL

' |

. UL

! | | | | |
Eggerthelld lenta |n§f ()(»43|_
Morganella morganii [r¢f_0545 ) [ NG
unknown Clostridiales [meta_6028 ) [ N
Ac tinomyces cardiffensis [r¢f_51 (H]_
Corynebagterium durum |rg‘|7 1615
Streptococcus mitis [réf_0024] [ NNNNEGEG
Slu/)hu occus pseudopneunioniae [réf_0021]
Anaeroglobus geminatus [ré¢f_5013 ]=
: Streprococcus cristarus [réf 2992 ] NG
Srreprocogeus anginosus [réf 0351 NG
: Prevotella timohensis [réf ( '32|_
i Streptococcus $p. 2_1_36FAA [ref_1399] D
: : Oxalobqcter formigenes [ref 4501]
unknown Clostridiales [meta_5417]
unknown Clostridiales [meta_6571]
Bacteroides salvérsiae [réf_0458]
_Bl/a/)/ll/{l wadsworthia [réf_1149]
N .0\ Desulfdvibrio [meta_5993]
Parabacteroides goldsteinii [ref_0901]
Bacterotdales sp; [ref_1074]
N -/ oides plebéius [ref :4343]
I s xvlahisolvens, [ref _1072]
=Iﬁlr teroydes fragilis/ovatus [ref 1073]
{listipes onderdonkii [ref: 0775]
_Ifu( el muh s .Iwu \H/L’(IIII\ [ref (N‘)\]
-5 —4 —3 —2 - 1 0 1 2 3 4
LDA SCORE (log 10)
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Cladogram

Blood
No_blood

)

o4
oo

o
fung d

d
ej08813.

a: f__Methanobacteriaceae
b: o__Methanobacteriales
c: ¢__Methanobacteria

d: f__Coriobacteriaceae

e: o__Coriobacteriales

f: ¢__Coriobacteriia

g: f__Bacteroidaceae

h: f__Prevotellaceae

i: f__Turicibacteraceae

j: o__Turicibacterales

k: f__Christensenellaceae
I: f__Clostridiaceae

m: f__Dehalobacteriaceae
n: f__Lachnospiraceae

o: f__Peptococcaceae

p: f__Peptostreptococcaceae
q: f__Ruminococcaceae

r: o__Clostridiales
s:0__SHA_98

t: ¢__Clostridia

u: f__Erysipelotrichaceae
v: o__Erysipelotrichales

w: c__Erysipelotrichi

x: f__Enterobacteriaceae
y: o__Enterobacteriales

z: c__Gammaproteobacteria
a0: f__Synergistaceae

al: o_Synergistales

a2: c__Synergistia
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. 0060
Ridom SegSphere+ 000

ridom

BIOINFORMATICS

Automatizovana analyza dat

Trimovani, assemblovani, porovnani s databazi
Geny rezistence, virulence, cgMLST

Typizace — MLST, spa typizace ...

31 Podzim 2024

Define Project

using predefined or user-
defined typing schemas

FASTQ files from
sequencer or SRA

Assembling
(de novo or reference)

Perform MLST and
cgMLST typing

Query global
Nomenclature server

Analyse
Phylogentic trees
Minimum spanning trees
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SM52

2023

SM731
2023 \? 2023

2023 gme92
SM71

7 4

| SMa05

/ \
/

2023
/ \

62

SM4a20

2023

SMGQQ-ZSMGS3

2023

56

SM370

2022

’—|;

LM30
FL

0.01

Lv1437
(Lm13]

Comparison Table created: Apr 10, 2024 9:03 AM (vB8.5.1_(2022-11))
Projects: Listeria (Listeria monocytogenes)

L. monocytogenes cgMLST Complex Type / Clustering Distance: 10

(O Potraviny
(O Prostfedi
(O zvite
(O Clovek

Ridom SeqSphere+ N) tree for 24 Samples based on 1701 columns, pairwise ignoring missing values, % columns difference
Distance based on columns from L. monocytogenes cgMLST (1701)
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Praktické vyuziti

Analyza strevniho mikrobiomu

- Personalizovana vyziva na zakladeé mikrobiomu: Znalost slozeni
mikrobiomu mUiZze pomoci terapeutovi navrhnout dietu, ktera podpori riist
prospésnych bakterii nebo snizi populace nezadoucich mikroorganisma.

« Mikrobiom a metabolismus: Nékteré bakterie ve stfevé ovliviiuji metabolismus
tukd, cukru a jinych Zivin. Sekvenacni analyza muze ukazat, jak rizné druhy
mikroorganismu ovliviiuji energetickou rovnovahu téla, coz je dulezité pri reSeni
problému jako je obezita, inzulinova rezistence Ci diabetes.

« VIliv riznych typt stravy: Sekvenacni studie ukazaly, Ze vegetarianska nebo
veganska strava podporuje rust nékterych mikrobialnich skupin v porovnani se
stravou s vysokym obsahem masa. Diky témto informacim muze terapeut
doporucit vhodnou stravu pro konkreétni klienty, napfiklad pro podporu hubnuti,
zlepSeni traveni nebo snizeni zanétlivych procesu.
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Mediterranean diet

|

Faecalibacterium spp. 1
Roseburia spp. M
Collinsella spp. V¥
Ruminococcus spp. Vv

Y

1 Secondary bile acids

1 SCFA fermentation
pathway

1 Dietary fibre
degradation, pectin
degradation, mannan
degradation pathway

1 SCFA production

High-fibre diet Plant-based diet

l l

Prevotella spp. 1 Prevotella spp. M
Bifidobacterium spp. Bifidobacterium spp. 1
Lactobacillus spp. ™ Lactobacillus spp.
Faecalibacterium spp. Bacteroides spp. ™
Akkermansia spp. 1t

y A\
1 Lipid profile

4 Colon transit time

J Inflammatory markers
1 SCFA production

1 Polyphenols and, thus,
antimicrobial property
against pathogens

1 SCFA production

M Lipids

I Carbohydrates

[ Proteins Alcohol

High-protein diet

|

Bacteroides spp. 1
Bacillus spp.
Clostridium spp. ™
Propionibacterium spp. 1
Fusobacterium spp.

1 Short peptides,
free amino acids

1 SCFA, BCFA
production, indoles,
phenolic compounds

Ketogenic diet

l

Bifidobacterium spp. ¥
Actinobacteria ¥
Firmicutes ¥
Bacteroides spp.t

1 B-Hydroxybutyrate
ketone levels

V Intestinal T 17 cells
4 SCFA production

Western diet

l

Bacteroides spp. 1t
Bilophila spp.
Alistipes spp. 1t
Blautia spp.
Ruminococcus spp.

l

{4 SCFA production

V¥ Secondary bile acid
production

1 Endotoxins

 TMA, TMAO

l

1 Chronic inflammation

M Increased oxidative
stress

1 Immune dysregulation

M Risk of metabolic
disorders

https://www.nature.com/articles/s41579-024-01068-4
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Dietary fibres Primary bile acids

(]
== 0%
2= {4 {3 ="\
CAFAE LAY CNEARY
el D LW 4 i D
Firmicutes/ Specific Gram-negative
Bacteroidetes bacteria bacteria
; (! LPS l g
ce .
. .&- c oo 2
SCFAs  Secondary bile acids e ”‘l"s

Acetate Succinate

* Energy harvest

* Fat storage

* Adipose
inflammation

35 Podzim 2024

Amino acids Gutl 2
R = ut lume
Phosphatidylcholine ‘&:Pg ‘}cg:
and L-carnitine e
(ai‘ Y8 Rl ) 508 Tl B\
T {3 N Q‘Nf’-:’:‘a":\fﬁ:’,a
| N 2ot a S0 o 14}
=GN Specific
(% “: o Specific bacteria
Q Ve e bacteria
g\ Increased
02 Oo Specific | goblet cell
Secondary  bacteria @) o density
bile acids BCOO R)‘n’ . '\’\. pro—
% : ClpB Amuc_1100
by ..... N-Acyl amides MECO-1
o * Indole Entero-
Imidazole | o |ndole endocrine +
PIRPERES ' cell MCIR  TLRZ
ok i1 20
GLP-1/ ==
| CPYY. ==
Lo A\
+¢+ Impfoved gut
Netros : barrier function
transmitters | ¢
33 Cytokines
Gut Tpﬁde

Atherosclerosis  # Fatty acid metabolism  # Insulin resistance

* Inflammation

Al

» Glucose intolerance

J
—_ r
\—\h‘—/

* Satiety
* Neuronal effects

https://www.nature.com/articles/s41579-020-0433-9

» Body weight gain
* Fat mass gain

\, Inflammation
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Malnutrition

Taxa features @

¢ | Anaerobes to facultative
anaerobes ratio

» | Bifidobacterium longum

o | Bifidobacterium pseudolongum <——

Function features

¢ | Lantibiotics production
o | Energy harvest

o L Immune protection

o | Vitamin biosynthesis

o T Pathogenic factors

Obesity Taxa features

Function features

« | Bacteroidetes to Firmicutes ratio * TLGC: degradation of B-glucuronide

« | Akkermansia muciniphila

« | Bacteroides thetaiotaomicron

/ \ « | Clostridium histolyticum
« | Clostridium coccoides
« T Dorea longicatena
« T Eubacterium ventriosum
« | Faecalibacterium prausnitzii
o | Methanobrevibacter smithii
« T Roseburia intestinalis
« T Ruminococcus gnavus
« T Ruminococcus torques

NS
o%cé %/Q

Healthy microbiota

and aromatic amino acids

¢ THGC: production of organic acids
and H,

o T Phosphotransferase system

» | Glycosaminoglycan degradation

* T Glutamine or glutamate transport
system

o T Phenylalanine, tyrosine and
tryptophan biosynthesis

¢ | Valine, leucine and isoleucine
degradation

» | Superoxide reductase

Type 2 diabetes
Taxa features //%
o | Akkermansia muciniphila
o T Bacteroides vulgatus

« T Clostridium clostridioforme
o T Clostridium hathewayi

o | Clostridiales sp. SS3/4
’&! o T Prevotella copri

Function features

» T Membrane transport of sugars
» T BCAA transport

« | SCFA production

« | Metabolism of cofactors

Dysbiosis

Metabolic liver
disease

Taxa features

* | Coprococcus comes
* | Faecalibacterium prausnitzii
* T Klebsiella pneumoniae

« T Streptococcus anginosus

« T Veillonella atypica

Function features

« T Oxidative damage

« Ty-Aminobutyric acid biosynthesis

« | Haem biosynthesis

« T Dentrification

« T Ethanol production

o7 Lipopolysaccharide and
peptidoglycan biosynthesis

 TBCAAs and AAA biosynthesis

1 and vitamins

Cardio-metabolic
disease

Taxa features

* | Enterobacter aerogenes
* | Escherichia coli

* T Faecalibacterium prausnitzii
« T Klebsiella spp.

o T Ruminococcus gnavus

o T Streptococcus spp.

Function features

o | Activities of SCFAs

» TTMA lysases

* T Phosphotransferase system

o | Vitamin metabolism

o T Lipopolysaccharide biosynthesis
o TTryptophan production

o | SCFA metabolism

Il

\

- L Butyrate production  NIEPS://www.nature.com/articles/s41579

-020-0433-9
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Dieta u kojicich matek

« Strava matky ovlivhuje
mikrobiom materského miéka

 Mikrobiom materského miéka
ovliviiuje strevni mikrobiom
ditéte

o Stfevni mikrobiom ditéte

ovliviuje jeho metabolismus
a imunitu
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Factors affecting
maternal microbiome

Environment

m Age Body weight

= Genetics Delivery mode Other
= Diet Medication

Overweight Dietary fiber

Staphylococcus
‘ Escherichia coli spp.

Bifidobacterium spp.
’ Bacteroides spp.

Omega-3 fatty acids
‘ Ruminococcaceae family

Lachnospiraceae family

|
Y

|

Lachnospiraceae

Roseburia

Collinsella

Holdemania

Blautia

Bifidobacterium

Maternal microbiome

regulates offspring development

= Gut microbiota
m Breast milk microbiota
Vaginal microbiota

Degetable proteins
and polyphenols

Christensenellaceae
‘ Dehalobacterium

Eubacterium

‘ Coprococcus

Oscillospira genera

Brain
development

¥

Immune
development

Gut
development
Vitamin D

‘ Actinobacteria

Proteobacteria
Vitamin E
A Sutterella

High fat diet

‘ Firmicutes / Bacteroidetes

MUNI
MED



Mikrobiom a imunitni systém

Strevni mikrobiom hraje zasadni roli v regulaci imunitniho systému. Dysbiéza mlze vést k
zanétlivym onemocnénim, autoimunitnim reakcim Ci zvySené nachylnosti k infekcim.
-Imunomodulacni diety: Sekvenovani mikrobiomu mdze odhalit mikrobialni nerovnovahu,
ktera prispiva k zanétlivym onemocnénim. Na zakladé téchto informaci m{ze terapeut doporucit
zmeny ve strave, které snizi zanét a podpori zdravi imunitniho systému, napriklad pridanim
potravin bohatych na omega-3 mastné kyseliny Ci polyfenoly.

IBD

Crohnova choroba
Ulcerozni kolitida,
Revmatoidni artritida
Rakovina (Fusobacterium
nucleautum)
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Priklad vyuziti sekvenacnich metod v mikrobiologii potravin v praxi

Bezpecnost potravin a vyziva: Sekvenovani mdze byt pouzito k analyze mikrobialniho
profilu potravin a urceni pritomnosti vyznamnych skupin organismU. Terapeut tak m{ze byt
lépe informovan o bezpecnosti potravin, které doporucuje, zejména pro rizikove skupiny,
jako jsou téhotné zeny, déti, seniori nebo lidé s oslabenou imunitou.

Sekvencni metody mohou byt pouzity k Setreni epidemii infekCnich onemocnéni (genom),
nebo napr. ke studiu mikrobialni kontaminace v potravinach (metagenom) nebo
doplncich stravy.
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