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Historie klinické mikrobiologie

“Pravék” Prvni pozorovani mikrob(

Louis Pasteur (1822 - 1895)

Antoni van Leeuwenhoek Robert Koch (1843 - 1910)
(1632 -1723)

Joseph Lister (1827 - 1912)
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Historie klinicke mikrobiologie

Objev a zavedeni antibiotik Imunologie, serologie ,Klinickd mikrobiologie

Alexander Fleming

(1881 —1955) Virologie a mykologie
Rozvoj
novych
metod
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Kultivace mikrobu

« Omezeny pocet kultivovatelnych mikrobu

* | v ramci jednoho druhu nebo uzce pfibuznych taxont dochazi k vyznamnému
rozdilu ve virulenci
(napf. Escherichia coli vs. Shigella spp., Bacillus anthracis vs. Bacillus.
cereus)
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Mikrobiologicka diagnostika

* Virologie * Parazitologie
— Sérologie — Mikroskopie
— Molekularni genetika ¢ — Sérologie
— Kultivace — Molekularni genetika —<mm—

— Elektronova mikroskopie

* Bakteriologie a mykologie
— Kultivace
— Mikroskopie
— Molekularni genetika ¢
— Sérologie
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Soucasné potreby mikrobiologicke
diagnostiky
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Diagnosticke metody v mikrobiologii

Kultivaéni metody Molekularné — genetické Funkéni metody
metody
Automatické systémy Hmotnostni spektrometrie
Amplifikacni techniky
Analyza obrazu Dalsi spektroskopickeé
MikroCipy metody

Celogenomova sekvenace Specialni mikroskopické
techniky

Pritokova cytometrie
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Molekularni metody
v klinicke mikrobiologii
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Nevyhody tradiCnich metod

« NedostateCna citlivost pro nékteré mikroby

« Limitace na patogeny se znamymi rastovymi parametry

- Spatné odlieni mezi mikroby s b&Znymi vlastnostmi

* Neschopnost prukazu infekci vyvolanych nekultivovatelnymi (novymi)

mikroby
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Nevyhody tradicnich metod

Priklady:
« Prukaz a identifikace pomalu rostoucich a obtizné kultivovatelnych mikrobu
— M. tuberculosis, Borrelia burgdorferi

« Nemoci, o0 nichz se predpoklada, Ze jsou infekéni, zUstavaji Spatné
definovany bez detekovaného mikroorganismu — nahla horeCka po pfisati
klistete

« viry: virové prajmy, virus vztekliny, viry chfipky, virus hepatitidy B a C,
enteroviry, adenoviry, RS-virus, viry parainfluenzy, herpex simplex virus,
virus priusnic
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Molekularne-biologickeé techniky

- Polymerazova retézova reakce (PCR) — prukaz DNA
- PCR s reverzni transkripci (RT-PCR) — prukaz RNA
- Real-time PCR (RT-PCR)

- Microarray

- Hybridizace

-  DNA sekvenovani
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PCR

1983 Kary B. Mullis — Nobelova cena 1993

Mnohonasobné zmnozeni (amplifikace)
specifického useku DNA in vitro na principu
replikace

Siroce pouzivana technika pro prikaz
mikrobu ve vzorku

Pouziti sekvenéné specifickych primeru
Vysoka citlivost (detekce i jedné bunky)

Prakaz amplifikacniho PCR produktu znadci
pritomnost mikroba
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PCR — zakladni kroky

* lzolace DNA (fenol-chloroform, silikagely, magnetické Castice)

« Amplifikace specifického useku DNA

* Detekce produktu amplifikace

— gelovou elektroforézou

— pouzitim fluorescencni sondy
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Automatizace izolace NK
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Load into the Tissue  Add Tissue lysis

fitter tube
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Homogenization
with Tissue mixer
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only
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‘ Add Proleinase K & Incubation at 60°C Take the
Tissue lysis buffer for 2hr - O/N supernatant only
S
Sample » &€ » » »
Preparation e ‘-
& - v ' v
Pre-treatment Bovine tissue Homogenization  Add Proteinase K Incubation Take the
(10-40mg) with LN2 & Tissue lysis buffer at B0C for 1-2hr  supernatant only
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MNucleic Acid
Extraction

-

Protecol Set-up
(Protocol # : 102)

Genomic DNA Extraction
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Slozeni PCR smési

voda

nukleotidy (ANTP)

reakCni pufr

primery

termostabilni DNA polymeraza

templatova nukleova kyselina (DNA)

pfipadné latky (BSA, DMSO, Tween 20, glycerol,

spermidin, mineralni olej)
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Pocet novych

Cyklus &islo | dvoufetézcovych
molekul
1 1
2 3
3 7
4 15
5 31
6 63
7 127
8 255
9 511
10 1023
11 2047
12 4 095
13 8 191
14 16 383
15 32767
16 65 535
17 131 071
18 262 143
19 524 287
20 1048 575
21 2097 151
22 4 194 303
23 8 388 607
24 16 777 215
25 33554 431
26 67 108 863
27 134 217 727
28 268 435 455
29 536 870911
30 1073741 823




Denaturace vzorku DNA
Pro oddéleni retézcu dsDNA
(94 °C, 5 min)

S

Pfipojeni primerd
na retézce DNA
(30 - 65 °C, 1 min)

Denaturace pro separaci 55 _ 35 x
Fetéfcﬁ DNA Syntéza novych fetézcu
(94 °C, 30 s) DNA polymerazou

(72 °C, 45s - 2 min)

-
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Interni kontrola v PCR

« dochazi k tzv. inhibici reakce (bézné)
* inhibice reakce je dana pfitomnosti riznych interferujicich latek (napf. z rukavic)

» pro detekci pouzita smés, obsahujici kromé vzorku a jemu pFislusnych primeru
jesté kontrolni DNA a druhou sadu primert

 pozitivita IC - nedoslo k inhibici reakce

« IC muze byt negativni u vysoce pozitivhich vzorkud (reakce kompetuji o
nukleotidy)
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ypy PCR

,klasicka“ PCR: end-point analyza (po probéhnuti vSech cykld analyza
produktld gelovou elektroforézou)

real-time PCR: sledovani amplifikacnich produktt po kazdém probéhlém
cyklu (,in real time®), nej¢astéji pouzivana kvantitativné (qPCR)

reverzné transkripéni PCR (RT-PCR): analyza RNA; samotné PCR
predchazi prepis RNA do cDNA reverzni transkriptazou

gRT-PCR (RT-gPCR): kvantitativni (real-time) reverzné transkripcni PCR

FAKULTNI
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ypy PCR

» specificka PCR (specificky gen pro enzym, faktor patogenity apod.)

« univerzalni PCR (cilové misto je gen, ktery maji vSechny bakterie, nejCasteji

gen pro 16S rRNA)

* multiplex PCR (nékolik specifickych cilovych mist v jedné reakci)

* nested PCR (dvé sady primerl pouzité ve dvou nasledujicich PCR; omezuje

vznik nespecificky produktd)

FAKULTNI
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Multiplex PCR

Reakéni smés obsahuje ne jeden, ale nékolik para primeru
rozpoznavajicich ruzné cilové sekvence

Detekce nékolika genu/produktu soucasné v jediné reakCni smési

Vyhoda — simultanni detekce vice agens, nizSi naklady nez pfi jednotlivych
PCR délanych zvlast

Nevyhoda — reakci je nutno velmi dakladné optimalizovat

vznikajici produkty musi byt ruzné dlouhé, aby je Slo soucasné detekovat pfi
elektroforéze

nutno vyvazovat pomeéry koncentraci primeru (ve smesi se chovaji jinak nez
jednotlivé); kompetice o ,zdroje“ (zejm. polymerazu), nebezpedli preferencni
amplifikace jednoho fragmentu na ukor ostatnich

dale roste dulezitost pozitivnich a negativnich kontrol

FAKULTNI
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Real-time PCR

téz kvantitativni PCR (gPCR)

umoznuje detekci a kvantifikaci produktu PCR v praubéhu reakce (ne az po
ni jako pfi konvencni PCR) — pfidana hodnota proti bézné PCR

extrémné vysoka citlivost
vyuziti pro studium genové exprese, diagnostiku patogena...

princip: detekce a kvantifikace fluorescen¢niho signalu produkovaného
pri syntéze PCR produktu v tzv. light-cycleru — termocykler se zabudovanym
fluorimetrem, tj. pristroj, ktery kromé cyklického stfidani teplot umoznuje
detekci fluorescence a monitorovani pribéhu PCR

kvantitativni vztah mezi mnozstvim PCR produktu a intenzitou fluorescence

FAKULTNI
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Real-time PCR — detekce amplikonu

* Vyuziva tzv. fluorofori — molekul, které po
predchozi absorpci svetla urcite vinove delky
emituji svétlo jineé vinove delky (vzdy vyssi,
protoze nizSi energie)

nespecificka
* interkalacCni barviva

specificka — oligonukleotidy s fluoroforem
« TagMan sondy
« FRET
* molekularni majaky
* citlivéjsi a drazsi
 tyto sondy (oligonukleotidy komplementarni
k PCR produktu) mimo fluoroforu Casto
obsahuji i zhase¢ — molekulu, ktera
zachytava fluorescenci fluoroforu, brani

detekci signalu pred navazanim sondy (t].
pred vznikem produktu)
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Real-time PCR — detekce amplikonu

hybridizacni sondy (FRET) — Fluorescence Resonance Energy Transfer

0 e FRET
w-!-I-H-F' DONOR

/—\
AKCEPTOR "F'FF!"-I'P

EMISE FLUORESCENCE

.................... AKCEPTORU
hydrolyza¢ni sondy (TagMan®)

o e EMISE

REPORTER QUENCHER ‘ FLUORESCENCE
.'I-l-l-l-l-l-l'.
~_ A -+
—> ZHASENI 5-3EXQ)  ——p -
rr -TfTrrTr{Troooon 'l'l'!‘
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Real-time PCR — detekce amplikonu

Molekularni majaky

Q g g
R - - -
Denaturation Hybridization [ ] | |

= >  00¢ l

@ ] @ b@) Fluorescence
proportional to

target abundance

sonda hybridizovana s cilovou sekvenci — molekula reportéru je separovana od
guencheru — emise — fluorescence
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Real-time PCR — princip kvantifikace

stanoveni tzv. amplifika€niho prahu detekce
amplifikacni prah detekce — C, (threshold cycle)

faze celého procesu, kdy za€ina exponencialni narast mnozstvi PCR produktu
(vlastné Cislo, udavajici, ve kterém cyklu k narustu doslo)

urCeny na zakladé hodnoty fluorescence pozadi a vzorku v exponencialni fazi

¢im mensi C, (Cim dfiv rast zaCne), tim vétSi pocet kopii templatu vstoupil do reakce;
rozdil 1 C, teoreticky odpovida dvojnasobnému mnozstvi templatu

Subset Suhse(:IAll Samples J .@..
4 6 B9 2 b 1]

4,567

4167

3,767

3.367

2,967

2,567

2167

1,767

Flucrescence (465-510)

1.367]

0.967]

est | 0.567{
Include |C loi ‘ |Name ‘ Cp |Cmv[:enlra(i[
B 20 Sample zo 24,02 0187
B Bz0 Sample 44 24,11
B czo Sample 68 19,63
B D20 Sample 92 19, 62 Z + ; ; " " 4 " T f Tt ! T B " ’ ; - 7 I
E20 Sample 116 . : e :
B Fz0 Sawple 140 32,44 e
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Real-time PCR — princip kvantifikace
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Real-time PCR — kvantifikacni strategie

Absolutni kvantifikace

pomoci externi kalibracni krivky

srovnani hodnot C, jednotlivych vzorku s C, externiho standardu o znamé
koncentraci

Vystup — absolutni hodnota (koncentrace, mnozstvi DNA...)

Relativni kvantifikace — normalizace pomoci jednoho ¢i vice referen¢nich genu v
tomtéz vzorku

nevyzaduje externi standard

vystup — relativni hodnota — kolikrat vice/méné templatu ve srovnani s
referenCnim genem v tomtéz vzorku

vyznam — napfr. analyza exprese genu — srovnani, jak je exprese urcitého
genu intenzivni Ci jak se méni ve srovnani s referenénim genem se stalou
expresi

nutna normalizace vysledku — koriguje variabilitu mezi jednotlivymi vzorky
zpusobenou charakterem vzorkU, pipetovacimi chybami, kolisajici efektivitou
reverzni transkripce atd.
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PCR diagnostické kity

« CEIVD
» Dle patogenu
Soubor patogenu spojenych s chorobou

Respiratory Infections
Gastrointestinal Tract Infections
Human Papillomavirus Infections
Sexually Transmitted Infections
Tuberculosis

Drug Resistance

|—'||"

LW LR

Meningitis
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Allplex™ Respiratory Panel 1

Analytes - Influenza A virus (Flu A)
- Influenza A-H1pdm0% (Flu A-H1pdm09)
» Influenza B virus (Flu B)

- Respiratory syncytial virus B (RSV B)

Allplex™ Respiratory Panel 2

Analytes - Adenovirus (AdV)
 Metapneumovirus (MPV)
- Parainfluenza virus 2 (PIV 2)

- Parainfluenza virus 4 (FIV 4)

Allplex™ Respiratory Panel 3

Analytes - Bocawvirus 1/2/3/4 (HBaV)
«» Coronavirus NL63 (NLA3)

» Human rhinovirus (HRV)

Allplex™ Respiratory Panel 4

Analytes narapertussis (BFF)

- Bordetella
- Chlamydophila pneumoniae (CF)
- Legionella pneumophila (LF)

- Streptococcus pneumonia

e(3P)
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- Influenza A-HT (Flu A-H1)

- Influenza A-H3 (Flu A-H3)

- Respiratory syncytial virus A (RSV A)
- Internal Contral (1C)

Specimens

Cat Mo /Size

- Enterovirus (HEV)
« Parainfluenza virus 1 (PIV 1)

- Parainfluenza virus 3 (PIV 3)
- Internal Control {1C)

Specimens

Cat No./Size

- Coronavirus 229E (229E)
» Coronavirus OC43 (0C43)
- Internal Control {IC)

Specimens

Cat Mo./Size

- Bordetella pertussis (BF) Specimens
+ Haemophilus influenzae (HI)
- Mycoplasma pneumnonize (MF)

- Internal Control {1C)

Cat Mo./Size

https://www.fnbrno.cz/

- Nasopharyn
- Bronchoalveolar lavage

- Nasopharyngeal swab
- Bronchoalveolar lavage
"RP10179Z / 25 rxns 1

" RPOB0TX / 100 rxns 1]

- Nasopharyngeal swab
- Bronchoalveclar lavage
*RP10180Z / 25 rens 1

" RPOB02X / 100 rxns ']

geal swab

*RP10181Z / 25 rxns 1]

" RP960TX / 100 ns [

= Sputum

- Masopharyngeal aspirate
*RP10182Z 7 25 rxns 1]

* RPOB03X / 100 rxns [

- Nasopharyngeal aspirate

-RPOEOTY / 50 rxns

- Nasopharyngeal aspirate

«RPOBOZ2Y / 50 rkns

- Masopharyngeal aspirate

-RP9601Y / 50 rns

- Nasopharyngeal swab
- Bronchoalveolar lavage

« RPOE03Y / 50 rxns



Allplex™ GI-EB Screening

Analytes - Campylobacter spp. (Cam) - Clostridium difficile toxin A/B (CAA/B) Specimen - Stool
- Escherichia coli0157 (E. coli0157) - Salmonella spp. (Sal) . § )
. : "y PP (Sal CatNo./Size - (101962 / 25 rxns 18] -GIND197Y / 50 rxns
* Shigella spp./EIE ! STECY! (stx7/2) . B
- Yersinia enterocolitica (Yer) - Internal Contral {IC) " GI10198X / 100 rxns [
Allplex™ Gl-Helminth(l) Assay
Analytes - ancylostoma spp.7l (AN) " Ascaris spp.¥ (AS) Specimens - Stool - Fecal swab
|— - Enterobius vermicularis (EV) . -_-nrerf“._)r.;'-zoo-'? Spp. / Encephalitozoon  pat Mo /Size - 61101897 / 25 rans €] .GI0190Y / 50 rxns
— spp'” (EN) T i8]
onator armarnane (NA] *GIT0191X /100 rxns ©
(D * Hymenolepis spp.1% (HY) « Necator americanus (NA) GI0191X /100 rxn
> * Strongyloides 9|:||:|.I 1 (ST) " Taenia spp.t [z (TA)
(- - Trichuris trichiura (TT) - Internal Control (1C)
-+ - .
o Allplex™ Gl-Parasite Assay
Analytes « Blastocystis hominis (BH) - Cryptosporidium =pp. (CR) Specimen - Stool
- Cyclospora cayetanensis (CC) - Diertamoeba fragilis (DF) . . - .
- Entamoeba histolytica (EH) - Giardia lamblia (GL) CatNo/Size - G110202Z / 25 rens B - GII703Y 1 50 rens
- Internal Contral (IC) * GI9703X / 100 rxns [6]
Allplex™ GI-Virus Assay
Analytes - Adenovirus (AdV) - Astrovirus (AstV) Specimen - Stool
- Norovirus Gl (Nov-Gl) - Norovirus Gl (Nov-GlI) . _, .
. Rotavirus (RotV) - Sapovirus (SV) Cat No./Siz: G847 / 25 rns | 1 - GIS70TY / 50 mns
- Internal Control {IC) " GI9701X / 100 rxns @
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[[] SampleNo Patientld  Well Name Type 1) o 0 e s P = =2 Auto Interpretation Comment
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Chlamydia trachomatis (CT) Trichomonas vaginalis (TV)
Mycoplasma genitalium (MG) Ureaplasma parvum (UP)
Mycoplasma hominis (Quantitative) (MH) Ureaplasma urealyticum (UU)
Neisseria gonorrhoeae (NG) Internal Control (IC)
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DNA &ipy

« soubor ruznych kratkych viaken DNA (oligonukleotidl) pfichycenych na
podkladu ve znamych konkrétnich mistech (spotech)

» v konkrétnim misté je prichyceno vice kopii stejného oligonukleotidu (sonda,
proba, reportér)

» vzorek:

— DNA (stanovovani genového profilu riznych organismu, Casto i blizce
pribuznych)

— RNA jako cDNA (pfedchazi krok RT-PCR) pro analyzu exprese
— cilové molekuly oznacCeny fluoroforem

Unique probes at
known locations — .

N

O PO N D
N

Coating

Solid support——»

FAKULTNI
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A. DNA-chip construction B. Diagnostic workflow

DNA &ipy

cilové molekuly hybridizuji s
komplementarnimi viakny oligonukleotidu
prichycenymi k desticce

promyti odplavi vS8echny neuchycené
molekuly

kvantifikace fluorescence v kazdém z mist
(spotu)

zpracovani bioinformatickymi postupy

FAKULTNI
NEE\,IIOCNICE https://www.fnbrno.cz/

Positive blood culture

\ DNA extraction

,\//\,/\/ DNA
\V/ A/
l Fluorescence
labeling

DNA probes

Scanning

% Emission

Data analysis
and interpretation




DNA &ipy

Ma et al. BMC Microbiology ~ (2020) 20:177
https://doi.org/10.1186/512866-020-01842-3

BMC Microbiology

RESEARCH ARTICLE Open Access

Development of a DNA microarray assay
for rapid detection of fifteen bacterial
pathogens in pneumonia

Xiuging Ma', Yangin Li', Yuan Liang', Yang Liu', Ling Yu', Chunsun Li', Qigi Liu®" and Liangan Chen'""

Check for

L@

MICROBIAL DRUG RESISTANCE
Volume 16, Number 1, 2010

@ Mary Ann Liebert, Inc.

DOI: 10,1089, mdr.2009.0082

Development of a DNA Microarray to Detect
Antimicrobial Resistance Genes Identified
in the National Center for Biotechnology Information Database

Jonathan G. Frye) Rebecca L. Lindsey, Gaelle Rondeau,” Steffen Porwollik,” Fred Long”
Michael McClelland? Charlene R. Jackson! Mark D. Englen; Richard J. Meinersmann! Mark E. Berrang!
Johnnie A. Davis! John B. Barrett! Jennifer B. Turpin, Sutawee M. Thitaram, and Paula J. Fedorka-Cray’

To identify bacteria at the species level, we
chose to use a 16S rDNA probe combined
with a species—specific probe to detect
each bacterium. The sequences of the
species—specific probes corresponded to
15 species—specific genes.

FAKULTNI
: NEMOCNICE
BRNO

AR genes in the National Center for
Biotechnology Information GenBank
database were identified by their
annotations and compiled into a
nonredundant list of 775 genes. A DNA
microarray was constructed of 70mer
oligonucleotide probes designed to detect
these genes encoding resistances to
various antibiotics.
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Automatizovane systemy v diagnostice

Auto-barcoding Auto-sampling DNNR_NA PCR Setup Real-time PCR Result analysis
extraction
I Fully integrated procedure B

FAKULTNI
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Automatizovane systemy v diagnostice

T
- ST E BT

TN sl T T

i KT i KT 1 |7

T TN T al TN il T T

T | T | T I LT T LTI T
) () _-$ _-‘ ._-&
(aam) [ssum] (132 Ak 220385 (26458

Reagent Reservoirs

262 Sample
in Fitment Injection Nucleic Water
Acid Stage 1 iacti
Port ; g Stage 2 Injection
,  Purification  PCR p Port

X 120 x 1L
\ Assay
| Wells

magnetic | amplicon nri:itedi = Dnlule100x U ) ‘ Assay
bead beads dilution 2Mplification —~ | ‘ Wells
beating multiplex melt curve — (““ By (
PCR analysis . ’ =
Muliiﬁlex Singleplex
Amplification Amplification
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22 cilovych patogeni najednou

Automatizovane systemy v diagnostice

NAHORU @

Cilové mikroorganismy panelu FilmArray™ Gl:

-

-

-

-

-

-

-

Campylobacter (jejuni, coli &
upsaliensis)

Clostridium difficile (Toxin A/B)
Plesiomonas shigelloides
Salmonella

Yersinia enterocolitica

Vibrio (parahaemolyticus, vulnificus, &
cholerae)

Vibrio cholerae

Viry

3

3

3

3

3

Adenovirus F 40/41
Astrovirus
Norovirus GI/GII
Rotavirus A

Sapovirus (111, IV, and V)

FAKULTNI
NEMOCNICE
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« E. coli0157

« Enteroagregaéni E. coli (EAEC)

« Enteroagregacni E. coli (EPEC)

« Enteroagregacni E. coli (ETEC) Itist

Shiga-like toxin produkujici E. coli (STEC) six1/stx2
E. coli 0157

« Shigella/Enteroinvasive E. coli (EIEC)

» Cryptosporidium
» Cyclospora cayetanensis
» Entamoeba histolytica

» Giardia lamblia

34 cila

NAHORU @

BIOFIRE® FILMARRAY® Pneumonia Panel p/us je komplexnim soub&Znym testovani pro 27 nejvice
znamych patogenu zpusobujicich LRTI a 7 gent antibiotické rezistence.

Bakterie (semi kvantitativni) Geny antibiotické rezistence

Acinetobacter calcoaceticus-baumannii complex
Enterobacter cloacae
Escherichia coli
Haemophilus influenzae
Klebsiella aerogenes
Klebsiella oxytoca

Klebsiella pneumoniae group
Moraxella catarrhalis

Froteus spp.

Fseudomonas aeruginosa
Serratia marcescens
Staphylococcus aureus
Streptococcus agalactiae
Streptococcus pneumoniae
Streptococcous pyogenes

Atypické Bakterie (Kvalitativni)

Legioneila pneumophila
Mycoplasma pneumoniae
Chlamydia pneumoniae

https://www.fnbrno.cz/

ESBL
CTX-M

Carbapenemases
KPC

NDM

Oxadd-like

VIM

IMP

Methicilin Resistance
mecA/mecC and MREJ

Viry

Influenza A

Influenza B

Adenovirus

Coronavirus

Parainfluenza virus

Respiratory Syncytial virus
Human Rhinovirus/Enterovirus
Human Metapneumovirus

Middle East Respiratory Syndrome
Coronavirus (MERS5-CoV)*

* MERS-CoV will only be available on
the Pneumonia Panel plus



Automatizovane systemy v diagnostice
- POCT

Influenza A/IB+RSV
SARS-CoV-2+Influenza A/B
Streptococcus pyogenes skupiny A
Clostridium difficile

(T e e

o 5, 5, 5,5,

FAKULTNI
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Metody sekvenovani NK

« stanoveni poradi nukleotidil v molekule DNA (primarni struktury)
* vyznam:
odvozeni informace o aminokyselinové sekvenci kddovanych
proteinu, regulaci jejich tvorby
charakterizace mutaci napf. zpusobujicich genetické choroby
charakteristika pfibuznosti organismu

a mnohé dalsi

FAKULTNI
: NEMOCNICE https://www.fnbrno.cz/
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Metody sekvenovani NK

Chemicka metoda (Maxamovo-Gilbertovo sekvenovani)

Enzymaticka metoda (Sangerovo sekvenovani)

Pyrosekvenovani

Sekvenovani nové generace (NGS)

FAKULTNI
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Enzymaticka (Sangerova) metoda

Zalozena na asymetrické PCR — do reakce vstupuje pouze jeden primer
(sekvenujeme-li produkt PCR, pouziva se nejcastéji jeden z primert pouZzitych
pfi PCR, pfipadné oba ve dvou oddélenych reakcich)

ReakCni smes oproti bézné PCR obsahuje navic tzv. dideoxynukleotidy
Frederick Sanger (1977)

Komercializace Applied Biosystems

NejpouzivanéjSi metoda po 40 let

Dnes postupne nahrazovana NGS

FAKULTNI
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Enzymaticka (Sangerova) metoda

4 . . ™
Reaction Mixture
Primer Template *
P 3 3 bbbk 5 ~ <
ddNTPs CMNA Polymerase
TP @ ddcTP @ - Capillary gel
A e e V. A h separation
Laser Detector I D'I: DNA
‘ l ‘ fragments
Capillary gel
4 Primer ) N | Y.
 aame e elongation ,’I
5||||||||~3' andChain r'/_ ) [
s o————f 7 LETTNiNation Detection of
fluorophores
5 —— ¥
o rr—— ¥ -
o e ——— s
° ’ Sequence analysis
) B il ' done by computers
ey — Chromatograph
. J - S
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Hodnoceni dat

10 30 40 bl &0 T &0 H 100 110 120
GREACGETATAN AT GCT T8 1I3 SATT GOIAGTTCT GAGAATAT COCTAAATATAT A GOTAAAGCTAAG G AAAAAT GAT COGT TTAGGTTAATA GECTTC GG CATCAT GTATATAAA AACTA

130 o | Pfifazeni sekvence znameému organismu 0
CTTAAAGAT GAATA

COATCCACGTGCCACAGTACT TAAAG:

e bioinformaticke pfistupy:
— BLAST: Basic Local Alignment Search Tool (NCBI)

— dalSi (specializované) databaze: 16SpathDB FM il
e vyhledavani podobnosti v databazi I

el 40 270 250 290 300 il ] BRI Ho 350 360 3T
TTTTATT GAGAGAAAATTATAT CCAAAT GTT GATTTTTATT CGGGTATTATCTATAAAGCTATGGGTATACCGTCGCAAATGTTCACTG € T TTTTG CAATAA AA ANNNNKNNNNNCCCCCAANN

- |1|-|Ilr'|ll"| l‘,ﬁ Iy I- h il 1 di |~ I'I.
I ' /"p' W Jﬁ i ,\ | J't'r | | ' ol o
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Sekvenovani nové generace

 Poptavka po nizkonakladovém sekvenovani vyvolala tlak na vyvoj ,high-
throughput” metod

* Princip — paralelizace procesu sekvenovani
* Produkce tisictl az milionu sekvenci soucasné
« Vystupem obrovsky objem dat, ktery je tfeba zpracovat/roztridit

 Poprvé v historii problém ne s tim jak data ziskat, ale smysluplné je
interpretovat, vytézit

* \Vyuziti obecné — ziskani velkého mnozstvi sekvencCni informace (o celém
genomu, nebo o mnoha kopiich urCitého useku DNA, nebo o mnoha
genomech souCasne — metagenomika)

FAKULTNI
: NEMOCNICE https://www.fnbrno.cz/
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.S,
Sekvenovani nove generace - platformy

» RuUzné technologie, pfistupy, maji své vyhody i nevyhody, vhodné pro ruzné
aplikace
* Obecné schéma obvykle podobné:

( 0. izolace celogenomové DNA - ziskame mnoho kopii genomoveé DNA)

1. Priprava tzv. knihovny - fragmentace genomové DNA na fragmenty o délce
radové stovky bp dlouhé (napf. ultrazvukem, proudem dusiku aj.)

2. Zatupeni koncu fragmentu a ligace tzv. adaptéru - kratkych oligonukleotidu,
od kterych pak probiha sekvenovani jednotlivych fragmentl (vazou se k nim
primery; vSechny fragmenty se tedy sekvenuji stejnym primerem)

(3. Namnozeni klonu jednotlivych fragmentd — napf. emulzni PCR) — NGS
metody 3. generace uz nevyuzivaji

4. Vlastni sekvenovani - zpravidla na zakladé detekce toho, jaka baze se
praveé zacClenila do vznikajiciho retézce

FAKULTNI
: NEMOCNICE https://www.fnbrno.cz/
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Sekvenovani nove generace - platformy

454 (Roche) n
lllumina
lon Torrent (Life Technologies) ~ 2. generace sekvenovani
SOLID (Life Technologies)

PACBIO (Pacific BioSciences) |

_ 3. generace sekvenovani
Oxford Nanopore (MinlON...)

FAKULTNI
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454 pyrosekvenovani

« firma Roche
* modely 454 GS Junior (35 MB) x 454 GS FLX (700 MB)
 priprava knihovny: nebulizace tekutym dusikem

» priprava vilastniho templatu pro sekvenovani: emulzni PCR na kulickach (beads);
na kazdou kuliku se vaze jeden fragment puvodni knihovny; kriticky dulezita
koncentrace DNA v knihovné (aby na kazdou kuliCku pfipadal jen jeden fragment)

* Po PCR na kazdé kulicce navazano mnoho kopii pfislusného fragmentu

« Sekvenace syntézou v mikrojamkach (objem v pl, v kazdé jedna kulicka), detekce
chemiluminiscencni - pyrosekvenovani

FAKULTNI
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454 pyrosekvenovani

— e— = Ligation B
A% S Selection

(Isolate
Sp——— < \
—— fragments g
E é A g ™ A
.
1) Prepare Adapter Ligated ssDNA Library (A-[insert]-B) 2) EmPCR: Clonal Amplification on 28 u
beads followed by enrichment

Anned

ATP

3) Load beads and enzymes \/—\if—/

in PicoTiter Plate™ Light + oxy luciterin
4) Perform sequencing-by-synthesis

on the 454 Sequencer

CSB2008 August 2008 UCSC Sequencing Center
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T —————————————————.SS.S.S.S.,.,.,..,.SS
Hlumina

* ruzné modely platforem

 pfiprava templatu: hybridizace na skli¢ku, tvorba clustert (shlukd) na pevné
destiCce, tj. ne v kapce (emulzi); kazdy cluster opét obsahuje klony (kopie)
téhoz fragmentu

« sekvenace syntézou (SBS — sequencing by synthesis)

 detekce fluorescence odstépené znacky z reverzniho terminatoru (nukleotidu) —
pokud se zacleni, vidime (rtzno)barevnou fluorescenci

« opét paralelni analyza mnoha clusteri soucasné

[ S ce R
BRNO ttps://www.fnbrno.cz/




Hlumina
W

navazani
fragmentace DNA adaptoru

na 200-300 bp ’

naneseni do
— flow cell

—

sekvenace pomoci SBS s reverzibilnimi
fluorescenénimi terminatory

mustkova amplifikace PCR na pevné fazi

sesoses
cess seseree

-sreeres o

analyza obrazu - uréeni sekvence
v jednotlivych klastrech

FAKULTNI
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\/ |l gk

Fragments Add adaptors Attach to flowcell

Bind to primer PCR extension Dissociation

Il —

Cluster formation

* az 1000 kopii fragmentu na pm2 povrchu Sequencing Signal scanning
* na celém povrchu az 10 milion shlukd na cm?2

FAKULTNI
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Hlumina

="

-~

g
e

| MiniSeq | MiSeq | NextSeq500 | HiSeq 4000

Run Time
Read length (pb)

Read number
Ouput
Throughput

FAKULTNI
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24 hours
2x 150

50 106
7.5Gb
7 Gb/day

56 hours 29 hours
2x 300 2x 150
50 10°© 800 10°¢
15 Gb 120 Gb

7 Gb/day 100 Gb/day

https://www.fnbrno.cz/

3.5 days
2x 150

5 10°
1,500 Gb
430 Gb/day

40 hours
2x 150

3.3 109
1,000 Gb
500 Gb/day



Sekvenovani treti generace

* nevyuziva pomnozeni templatu pro zvySeni signalu, sekvenace v realném
c¢ase — analogie real-time PCR

» produkuje vyrazné delSi ¢teni (fradoveé tisice az desetitisice bp) — snazsi
sestavovani (assembly)

» snazSi sekvenovani GC bohatych oblasti (druha generace — problémy)

FAKULTNI
: NEMOCNICE https://www.fnbrno.cz/
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PacBIO

« PacBio RSII (500-1000 MB)
« Od 2011
» technologie SMRT (single molecule real time sequencing)

» detekce odStepeného barviva z pfipojovaného nukleotidu v tzv. zero mode
waveguides (malé ,kontejnery” na dné jamky)

 volné nukleotidy plavou v roztoku

Ctyfmi barvami znacené nukleotidy

templatové (fialové) a syntetizované

‘ (Zluté) viakno DNA

zero mode waveguide

DNA polymeraza

B
-
N
‘u

[ Emise

Excitace

FAKULTNI
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PacBIO

flowcell PacBio RSII

FAKULTNI
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Shear DNA

DNA Repair

Adapter Ligation

Size Selection

Prepare SMRTbell
Library for Sequencing

Sequence on
Sequel System

....................................................

-------------------------------------------------------

PacBIO - workflow

@ PACBIO"

Procedure & Checklist — Preparing Multiplexed Microbial
SMRThbell® Libraries for the PacBio® Sequel® System

—>  Pooling libraries - multiplexing

—  gel
s:;rv\;;lalle
BluePippin gel BluePippin

cassette



PacBio — multiplexovani knihoven

It helps to ensure equimolar pooling and sequencing representation across all
pooled samples despite different genome size, shear size and sample
concentration

Express Microbial Multiplexing Calculator

Sample Information Calculate ‘ Plex (Calculated): 10
Total Sample Pool Volume Post Ligation (pl) 100,0
sample Name Barcode E"peae(dhgzzslme SIZ€  avg Shear Size (bases) Optm”a'(:;;:g'e CONC Calculated Volumes (ul)

Microbe Sample 1 BC1001 6 000 000 12 000 65,0 12,2
Microbe Sample 2 BC1002 6 000 000 12 500 60,0 13,8
Microbe Sample 3 BC1003 6 000 000 14 500 56,0 17,2
Microbe Sample 4 BC1008 6 000 000 13 670 78,0 11,6
Microbe Sample 5 BC1009 6 000 000 15770 58,0 18,0
Microbe Sample 6 BC1010 6 000 000 16 800 78,0 14,3
Microbe Sample 7 BC1011 6 000 000 12 345 65,0 12,6
Microbe Sample 8 BC1012 500 000 11 560 59,0 1,1
Microbe Sample 9 BC1015 500 000 15 468 61,0 1,4
Microbe Sample 10 BC1016 500 000 14 560 89,0 0,9

FAKULTNI
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Oxford Nanopore

Modely Flongle, MinlION, GridlION, PromethIlON
(radové jednotky az stovky GB!)

Od 2014

Délky readu az stovky kb

MinlON — pfenosné zafizeni! (< 100 g)

Zatim také o néco nizsi presnost éteni (>98%)

Potreba hybridniho assembly s daty z short read
sekvenovani

Princip — prichod vlakna DNA miniaturnim pérem,
kterym prochazi elektricky proud; pfi prichodu
dochazi ke kolisani proudu specifickym zpusobem
odpovidajicim prochazejicimu nukleotidu

AT uce b
BRNO ttps://www.thbrno.cz




Oxford Nanopore

U

DNA or RNA

Modifications

...CGCTGGTAAGATGC...
Motor protein

BasecallerT
W ~~~~~ Reader protein

Nanopore signal

Membrane

LLLtlti
[
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Why Oxford Nanopore?

* Long reads — ability to assemble whole plasmids and chromosomes

50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000 550,000

(

cooooooo

— 0 @ 00~ TN = LD — S D 00~ T LR LD D — C3 6D 00~ O L ) ] — O D 00— 30 1= W P —

[ P 00 G ) G300 G0 G ) G I -

lllumina-only

250 000 500,000 750,000 1,000,000 1,250,000 1,500,000 1,740,000 2,000,000 2,250,000 2,500,000 2,750,000 3,000,000 3,250,000 3,500,000 3,750,000 4,000,000 4,250,000 4,500,000 4,808,787

1. contig_2
2.CONtIQ_3  —
3. contig ]  —

« Quality worse than PacBio but cheaper than PacBio

FAKULTNI
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assembly



Noveé diagnosticke pristupy
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Sekvenovani nove generace

e Analyza mikrobiomu (bakteriom, virom,...)
— Detekce novych infekénich agens

* Vysetreni citlivosti

* Virologicka diagnostika

FAKULTNI
: NEMOCNICE https://www.fnbrno.cz/
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Mikrobiom Cloveka a jeho vliv

These are 10

times as many 22000

outsld‘e approximate
organisms are number of genes
there are

in the human

human cells in gene catalog

the human body

genes in the
human gut
microbiome

80-90%
individuals
humans are
different from
one another

Integrating Microbiome Network: Establishing Linkages Between Plants,
Microbes and Human Health

Suresh B. N. Krishna', Anamika Dubey’, Muneer A. Malla’, Richa Kothari', Chandrama P. Upadhyay’, Jamila K.
Adam'’ and Ashwani Kumar™

, UNIVERZITA

CENTRUM KARLOVA

‘. DD CINSKE www.biomedic-plzen.cz



Studie zamérené na mikrobiom

10000
9000
8000
7000

6000

5000

4000

3000

2000

1000 I
0 — — — — - — - - O O . I I I I

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Analyza mikrobialnich populaci

« Metataxonomika (16S rRNA profilovani)
« Metagenomika
* Metatranskriptomika (analyza mRNA)

« Metabolomika (analyza metabolitt)

FAKULTNI
: NEMOCNICE https://www.fnbrno.cz/
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Analyza mikrobialnich populaci

Metataxonomika
 Bézné dostupna metoda
« Vyuziti 16S rRNA profilovani (limity identifikace)
* Neumoznuje identifikaci taxonu na detailni urovni

* Nepopisuje variabilitu na urovni jednotlivého druhu (napf. faktory
virulence)

FAKULTNI
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Analyza mikrobialnich populaci

« Metagenomika
» Detailni uroven genetické informace
* Naroc¢né bioinformatické analyzy
* Mozné popsat i jiné mikroorganismy
* Viry
* mikromycety
* parazity

* Metatranskriptomika (analyza mRNA)
» Poskytuje informace o jednotlivych exprimovanych genech
« NarocCna laboratorni Cast
* Naro¢né zpracovani vzorkU

[ S ce e
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Analyza mikrobialnich populaci

Metagenomika, metatranskriptomika, metabolomika mohou
prinaset skvélé vysledky, avsak probléemem je zpracovani dat a
klinicka interpretace

FAKULTNI
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Vyu

ZIti NGS — predikce ATB rezistence

=L

COMMUNICATIONS

ARTICLE

Received 17 Apr 2015 | Accepted 28 Oct 2015 | Published 21 Dec 2015 DOI: 10.1038/ncomms10063 OPEN

Rapid antibiotic-resistance predictions from
genome sequence data for Staphylococcus aureus
and Mycobacterium tuberculosis

Phelim Bradlez.ﬂ, M. Claire Gnrdunz, Timothy M. Walkerz, Laura Dunnz, Simon Hey51, Bill Huang1, Sarah Earlez,
Louise J. Pankhurstz, Luke Ansnnz, Mariateresa de Cesare!, Paolo Piazza!, Antonina A. Votintsevaz,

Tanya Golubchik2, Daniel J. Wilson'2, David H. Wyllie2, Roland DieP, Stefan Niemann®>, Silke Feuerriegel*>,
Thomas A. Kohl? Nazir Ismail®’, Shaheed V. Omar®, E. Grace Smiths, David Buck!, Gil McVean',

A. Sarah Walker2®, Tim E.A. Peto2®, Derrick W. Crook2210 & Zamin Igbal’
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Sekvenovani nové generace
a vysetreni citlivostl

Staphylococcus aureus

Mycobacterium tuberculosis

d S aursus
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(+ Gram stain) Coag.

Disc diffusion
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Blood culture
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DMA extract Sequencing
+sample prep  with MiSeq
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Vyuziti pro vysetreni infekci CNS

FAKULTN
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Meningitis/
Meningoencephalitis

Encephalitis

Myelitis

Bacteria

Viruses

Parasites

Fungi

Advantages

» Rapid identification of known and novel
pathogens in a single run

« Rapid sequencing of pathogen full genomes

« Selection of antimicrobial therapy

«» Impact on clinical outcomes, neurological
consequences, and mortality

« Epidemic dynamics and prediction of
outbreaks

« High sensitivity and specificity

&

Limitations

« Background and contaminating bacteria

= DNA contamination from CSF pleocytosis

« Limited bioinformatics tools and reference
databases

« Evidence from small retrospective studies

« Costly and labor intensive
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Evaluating Infectious, Neoplastic, Immunological, and Degenerative
Diseases of the Central Nervous System with Cerebrospinal
Fluid-Based Next-Generation Sequencing
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Strategie v innicko-mikrobioIogické diagnostice
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Pathogens 2014, 3, 258-279; doi: 10.3390/pathogens3020258

E-case report (phenotype + pathogen
sequences + genome-based diagnosis)
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High-Throughput Sequencing, a Versatile Weapon to Support
Genome-Based Diagnosis in Infectious Diseases: Applications to
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Kam kraci klinicka mikrobiologie

 Mikrobiologicka diagnostika zaznamenava bourlivy rozvoj

Vzdy je vSak za vzorkem potreba vidét pacienta

* Funkcni metody mohou prispét k dalsi personalizaci mediciny

* Vyvoj novych metod klinické virologie
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Sekvenovani DNA

https://www.youtube.com/watch?v=vK-HIMaitnE — Sanger sequencing

https://www.youtube.com/watch?v=fCd6B5HRaZ8 - lllumina

https://www.youtube.com/watch?v=E9-Rm5A0ZGw — Nanopore

https://www.youtube.com/watch?v=v8p4ph2MAvI — Pacific Biosciences
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