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Prehled prezentace

 Typizacni metody pouzivané v NRL
« Celogenomova sekvenace

 Aplikace celogenomové sekvenace



Salmonela - typizace

Co je typizace?
« Jedna se o metodu identifikace bakterii

e zarazeni kmenu pod uroven poddruhu v pripade
salmonel

ProcC se typizuje?
» zjisteni agens Ci zdroje
e provadeni opatreni v ohnisku onemocneni
e ucinne kontroly infekCnich onemocneéni

esencialni je spoluprace mezi
epidemiology a mikrobiology



Typizacni metody pouzivanée v NRL

« Sérotypizace

* Pulzni gelova elektroforéza

 MLVA typizace

« Celogenomova sekvenace

WHO launches guide on
whole genome sequencing
use as a tool for foodborne
disease surveillance and
response

PFGE ))P WGS

Pulsed-Field Gel Electrophoresis || Whole Genome Sequencing



Sérotypizace

 Metoda - skliCckova aglutinace (O a H antigen)
— (MALDI-TOF MS: pouze Salmonella species)

« White-Kauffmann-Le Minor schéma (9. edice, r. 2007; Supplement no.
48, 2014 - 2659 sérotypu)

Antigenic Structures of Salmonellae Used in
Serologic Typing

 Déeleni dle O skupin (A-Z), novéji (O:2 — O:67)

Prevzato z: https://laboratoryinfo.com/widal-test-principle-
procedure-result-interpretation-and-limitations/



PFGE

The Pulsed-field Gel

Electrophoresis Process

ONAJ2 ngy In Plugs Pulsed-field Gel Electrophoresis (PFGE)

M Cut DNA with Restriction Enzyme

The seientist takes The bacterial cells are
bacterial cells from broken open with
an agarplate. biochemicals, or lysed,
so that the DNA is free in o
the agarose plugs. The scuent_lst load§ the
DNA gelatin plug intoa.gel,
and places it in an electric
field that separates DNA

Bacterial Culture

&

fragments according to
Plug Mold their size.

Data Analysis (BioNumerics)

e The gelis stained so that
DNA can be.seen Under
ultraviolet, (UV) light.

A digital camera takes a
photograph of the gel
and stores the picture in

The scientist mixes bacterial the computer.
cells with melted agarose and
pours into a plug mold.

https://www.cdc.gov/pulsenet/outbreak-detection/outbreak-detection-images.html



MLVA MLVA Process

(Multiple Locus Variable-Number Tandem Repeat Analysis)

Detection window

Detector

Bacterial Culture

Load plate into device

Sample Plate

Scientists lcad the
- PCR products into a
\ sample analysis plate
N — - and mix them with
=3 - \

- = chemicals that help
them determine the
size of the product,

High voltage
power suppy

e Using capillary electrophoresis, the fragment analysis
solution is run though a gel matrix in an electric field
to determine the sizes of the DNA fragments.

Scientists take
bacterial cells
from an agar plate
and boil the cells
10 release DNA,

After PCR, scientists must
determine the size of the
PCR products. The different
sizes will tell scientists how
related the bacterial strains
are to each other.

Boil bacteria to release DNA

PCR product analysis

et bdatalidata®1'mgy

PCR amplification

o The data output of the MLVA process is called an electropherogram. It
shows the DNA standards of known size in red, and the sizes of the PCR
products in blue, green, and black. The PCR products sizes are converted
into allele types using special software, which lets scientists determine how
closely they are related,

Scientists have to detect the DNA
region needed for this type of finger-
printing, called the variable-number
tandem repeat arrays (VNTR), To do
this, they use polymerase chain
reaction (PCR), which combines the
DNA with chemicals to amplify

the VNTR.

https://www.cdc.gov/pulsenet/outbreak-detection/outbreak-detection-images.html



WG S The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an ACTGAACTGRCTEL
organism in one process. WGS provides a very precise DNA fingerprint that can help
link cases to one another allowing an outbreak to be detected and solved sooner.

Bacterial Culture 4. DNA Library Sequencing

o The DNA library is loaded onto a
sequencer. The combination of
nucleotides (A, T, C, and G) making
up each individual fragment of DNA
is determined, and each result is
called a “DNA read.”
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Scientists take bacterial
cells from an agar plate
and treat them with
chemicals that break them
open, releasing the DNA.

Scientists make many
copies of each DNA - =

fragment using a process [— - ce |

The DNA is then purified. called polymerase chain | CTTATTCITGRCCTT
reaction (PCR). The pool of | GeesceTceanTeeT | DNA
fragments generated in a J CTTGARATCGOCGRA | Reads
|J CGCCTCCARTGOTTAT

PCR machine is called a l
“DNA library.” |
| - |
| |

3. DNA Library Preparation

CCTGECEECCTCCAATGCTTATTCTTGECCTTGAARTCGOCGRA
Reconstructed Genome

¢ | -

© DNA s cut into short fragments . -
- . v The sequencer produces millions of DNA reads and specialized
ofknown ‘I‘englth, ellther _by u5|,|,'|g e computer programs are used to put them together in the
enzymehs |_'noledc_:u ar ?mssors correct order like pieces of a jigsaw puzzle. When completed,
or mechanical disruption. the genome sequence containing millions of nucleotides (in

one or a few large pieces) is ready for further analysis.

https://www.cdc.gov/pulsenet/outbreak-detection/outbreak-detection-images.html



. N =41
Sekvenovani - definice GENERATION

e

» Sekvenace - metody, které umoznuji popsat poradi nukleotidu v
urcitem useku prfimo (DNA) Ci neprimo (RNA).

* Sekvenovaninove generace - (z angl. next generation sequencing —
NGS) je oznaceni metod sekvenovani, jehoz podstatou je zpracovani
tisicu az miliard sekvenci v jednom b&hu a vyuziva bioinformatické
metody K jejich zpracovani

 NGS umoznuje sekvenovat useky nukleovych kyselin az celych
genomu rychleji a cenoveé vyhodnéji nez ostatni sekvenacni metody
(Slaby O., 2015)



Sekvenovani —vyvoj |

1) sekvenovani l. generace = ABI
¢ KIaSICké SekvenOVé-nll kapllé-rnll elektrOforézou https://gdc.ethz.ch/support/laboratory/equipment/illumina-miseqg.html

2) sekvenovani ll. generace = lllumina (2011), lon Torrent, BGI
« Sekvenovani nové generace (Next generation sequencing)

« Masivni paralelni sekvenovani kratkych fragmentu (High-throughtput
sequencing)

3) sekvenovani lll. generace = PacBio, ONT (2014)
« Sekvenovani nové generace (Next generation sequencing)
« Sekvenace jedné molekuly (Single-molecule sequencing)



Sekvenovani —vyvoj Il

1) Sekvenovani l. generace
* VVyzaduje velky pocCet kopii vstupniho materialu DNA jako templatu pro
pfipravu jednoretézcu.
2) Sekvenovani ll. generace
« Templatem je jedina molekula, ktera je amplifikovana pro ziskani
dostate¢ného signalu a produkuje kratka cteni.
3) Sekvenovani lll. generace

« Templatem je jedina molekula, nevyuziva amplifikace za ucCelem
zvySeni signalu a produkuje dlouhée cteni.



Vybranée aplikace v bakteriologii a virologii

’ .7 . 0 Article | Published: 26 January 2022
¢ d ete kce N OvyCh ba kte Il |/ Viru Petabase-scale sequence alignment catalyses viral

discovery

Robert C. Edgar, Jeff Taylor, Victor Lin, Tomer Altman, Pierre Barbera, Dmitry Meleshko, Dan Lohr, Ghern

Novakovsky, Benjamin Buchfink, Basem Al-Shayeb, Jillian F. Banfield, Marcos de la Pefia, Anton

* sekvenovani celych bakter./virovych genomu e we o s

Nature (2022) | Cite this article

 charakteristika variability genomu bakterii/virl - varchivu sekvenciziskanych

celogenomovym sekvenovanim se
autordm podarilo odhalit kromé:

- sledovani rezistence vidéi atb/antivirotikim * 9 novych koronavird -
e 300 viru souvisejicich s virem
hepatitidy D

* identifikovat ¢asti genom( témér

« Setreni bakterialnich/virovych epidemii (i HAI) 132 tisic dosud nezndmych viré



MiSeq - Il. generace

https://gdc.ethz.ch/support/laboratory/equipment/illumina-miseq.html




Schématicky iz0lace DNA
postup

knihovna - soubor podobné velkych
fragmentld DNA se znamymi adaptorovymi
sekvencemi pfidanymi na konec fragmentu.

Priprava
knihovny

-
e
-
=

Sekvenovani

Kontrola
kvality

,de novo“ —
de novo sestavovani bez
,Z#Assembler’ — program sestavujici e — VS pouziti referencni
ziskanou sekvenci mapping sekvence
l (reference)
,mapping“ —
Analyza a vizualizace sestavovani s pouziti
*  Hledani gend, variant referenéni sekvence

* Diferencialni analyza, exprese



Assembly a Assembler

* DNA je nasekadna na malé kousky

» Tyto male kousky jsou sekvenovany a vsechny tyto
kratké sekvence jsou ulozeny v souborech s priponou
fastg.gz

 Assembler vezme tyto kratké sekvence a znovu z nich
sestavi puvodni sekvenci

 De novo assembly = bez pouziti referencni sekvence
» Pouzivané programy (napfr. SPAdes, MASURCA, Velvet)

« propojovani kratkych kouskl do delSich tzv. contigt (,contiguous
lengths of DNA") a vétSich scaffoldu

« Mapping assembly = s pouziti referencni sekvence
* Pouzivané programy (napr. BWA, BWA-MEM-Bowtie2)

- scafold sekvence slozena z kontigu a znamych mezer, které jsou
spojeny dohromady pocCitacove (az scaffoldu)




Aplikace v NRL pro Salmonely

» Typizace Salmonella sp. pro rozpoznani a reseni epidemickych
vyskytU

* serotypizace -> PFGE -> WGS (detekce ohnisek)

« sekvenovani celého genomu — (z angl. Whole Genome Sequencing — WGS)
« zachycuje zmény sekvence DNA v celém genomu jednotlivych mikrobialnich izolatu
« umoznuje pfesny popis genetické pribuznosti izolatu

(+) ()

vySSi rozliSeni a presnost vySSi naroky na analyzu dat

stabilita vybranych gent v ¢ase vétSi mnozstvi dat



(1’1 - 323) In  August 2017, an increased incidence unusual or imported foods. In September 2018, an

25 1 of Salmonella Bareilly was detected isolate closely related to the outbreak isolates was
identified in a powdered egg product. A spray dryer
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Labska et al., 2021

I Case out of outbreak period mmm Confirmed case
mmm Probable case B Non outbreak case

,Monoclonal point source outbreak®



Country
() Czechia [18]
() United Kingdom [13]
@ United States [11]
(© India [2]
@ Mexico [1]
(D Turkey [1]
() Missing [10]

Minimal Spanning Tree
cgMLST schéma



monofazicka Salmonella Typhimurium

How global food safety ‘disaster’ was averted
by scientists tracing salmonella-infected
chocolate eggs to its source

On April 8, 2022, officials ordered the Belgian chocolate factory closed. Within two days, they had issued a global re-call
of products. Stock image: Getty Images



monofazicka Salmonella Typhimurium

Kmen monof. S. Typhimurium rezistentni na:
« Ampicilin

« Kanamycin

* Tetracykliny

» Dale nesl mobilizovatelné geny

D

Problematické pro jeho eradikaci

®
| '

.

https://www.chocolatesmachine.com/chocolate-production-line/



Sekvenace lll. generace

,2Hybridni assembly® muze vést k
ziskani jedné molekuly DNA (neboli

B) celého genomu), coz podstatné
usnadnuje naslednou genomovou
analyzu.

A)

Obr. 1 : Visualizace assembly grafu. A) Vysledné assembly z dat, ktera byla ziskana sekvenovanim
formou kratkého Cteni (lllumina). B) Vysledné hybridni assembly ziskané z dat, ktera byla ziskana
sekvenovanim formou kratkého a dlouhého Cteni (lllumina a Oxford Nanopore).



Salmonella spp. (2023)

» |dentifikace 3 klastru Salmonella spp.
« Salmonella Enteritidis (2x)
« Salmonella Typhimurium (1x)

« Propagace do systému &5 epiputse
« S. Typhimurium - 2023-FWD-00056
« S. Enteritidis - 2023-FWD-00072 - Comfort
« S. Enteritidis - 2023-FWD-00073 - Adeba



https://epipulse.ecdc.europa.eu/ebs/#/item/details/2023-FWD-00056
https://epipulse.ecdc.europa.eu/ebs/#/item/details/2023-FWD-00072
https://epipulse.ecdc.europa.eu/ebs/#/item/details/2023-FWD-00073

Dékuji za pozornost

Co-funded by the
European Union

Project Genomic surveillance of selected infectious diseases in the Czech Republic (HERA2CZ)
was Funded by the European Union. Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union or the European
Health and Digital Executive Agency (HADEA). Neither the European Union nor the European
Health and Digital Executive Agency (HADEA) can be held responsible for them.
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