UVOD DO KVANTITATIVNI
REAL-TIME PCR

VI. Aplikace qRT-PCR



Aplikace

1. Detekce DNA

- Diagndza infekCnich onemocnéni (pritomnost patogenti v krvi, séru, plazmé ...)
- Sledovani minimalni rezidualni nemoci

- Detekce patogenu v potravinach a v zZivotnim prostredi

-  Detekce GMO

- Autenticita potravin

2. Detekce RNA
- Minimalni rezidualni onemocnéni
(Her2 — karcinom prsu, Bcr-Abl — CML, ELAVL-4 — neuroblastom)
-  Detekce RNA vir(
- Diagnd6za nadorovych onemocnéni (PSA — karcinom prostaty)
- Validace microarray experiment

3. Detekce SNP

4. Detekce miRNA



Aplikace

Aplikace v klinické mikrobiologii

Diagndza - rychl3, citliva a pfesna determinace patogenu

Klasické kultivaéni metody — Casové narocné (24-48hod), nizka citlivost, omezené
spektrum druhu

gRT-PCR — napf. geny kodujici 23S rRNA nebo 16S rRNA

Rutinni diagnostika
- Helicobacter pylori, Chlamydia pneumoniae, Streptococcus pneumonieae

Monitoring zneuzZitelnych druhu - biodefense
- Yersinia pestis, Bacillus anthracis

Vyzkum — testovani antibiotik — multidrug resistant strains
(analyza bodovych mutaci v genech zodpovédnych za metablismus ATB)
- Mycobacterium tuberculosis, Enterococcus faecium, Staphylococcus aureus

Houbova a parazitarni onemocneni
- Aspergillus fumigatus, Candida sp.
- Entamoeba histolytica, Giardia lamblia, Cryptosporidium parvum



Aplikace

Aplikace v klinické mikrobiologii

Priklad protokolu:
Detekce Prevotella intermedia

Ster z ust Navrh primert (Primer Express) — oblast 16S rDNA
Resupendovat stér v 1xPBS NapF.:
Vortex 30s, cfg. 20min/15 000g Forward: 5-AATACCCGATGTTGTCCACA-3’
Izolovat bakteriaini DNA ze Reverse: 5-TTAGCCGGTCCTTATTCGAA-3’
supernatantu
Reakéni smés PCR
2x SYBR green Master Mix (Applied Biosystems) 26,0ul 95°C 1min
Forward primer (10uM) 2,0ul
Reverse primer (10uM) 2,0ul 95°C 15s 40X
PCR grade H,O 15,0ul 60°C 1min
Vzorek DNA nebo standard 5,0ul
Disociacni kfivka — 60-95°C




Aplikace

Aplikace v Kklinicke virologii

Typizace virl (napf. chfipka)

- nepfitomnost signalu - variabilita v sekvencich/faleSné negativni vysledky
- Hydrolyzacni (TagMan) i hybridizacni sondy

Kvantifikace — virovy titr

- napf. hepatitida B/C, HIV, EB, cytomegalovirus atd.

- Transplantace

DetekCni limity — genomové ekvivalenty (ge)

- End-point analyza — detekéni limit 5x10* ge; dynamicky rozsah 101-10% ge

- Hybridiza¢ni analyzy - detekéni limit 2x10? ge; dynamicky rozsah 101-104 ge

Inter- a intra assay variabilita >40%
- gRT-PCR - detekéni limit 1x10! ge; dynamicky rozsah 101-108 ge
Inter- a intra assay variabilita <5-10%

Interni amplifikacni kontrola

- Paralelni PCR znamého standardu

- Tzv. ,Spiking“ vzorkl znamymi sekvencemi

- Paralelni analyza pfibuzného viru (napf. pro lidsky HSV - tuleni PhHV)



Aplikace

Aplikace v Kklinicke virologii

Priklad protokolu:
Detekce viru chfipky (Influenza A) — 5’ nukleazova assay

Stér z nosohltanu Navrh primeru a sondy (Primer Express) — oblast M1
(influeznaA matrix gene)
Resupendovat stér v 1xPBS y
Napf.:
Vortex 30s,
Forward: 5-CTTCTAACCGAGGTCGAAACGTA-3’
Izolovat virovou RNA ze o ,
supernatantu Reverse: 5-GGTGACAGGATTGGTCTTGTCTTTA-3
Sonda: Fam-TCAGGCCCCCTCAAAGCCGAG-BHQ+
Reakéni smés — One Step PCR (Qiagen) PCR
Qiagen One Step RT-PCR Enzyme Mix 1,0ul 50°C 20min (Reverzni transkripce)
Qiagen One Step RT-PCR Buffer (5x) 5,0ul
Qiagen One Step RT-PCR dNTP mix (10mM) 1,0ul 95°C 15min (Aktivace polymerazy)
Forward primer (10uM) 2,0ul
Reverse primer (10uM) 2,0ul 95°C 15s 45X
Sonda (20uM) 0,2ul 60°C 1min
PCR grade H,O 8,8l
Vzorek DNA nebo standard 5,0ul




Aplikace

http://www.idahotec.com/BioDefense/

Terénni qRT-PCR

- Detekce patogent mimo laboratof
- Komercni specializovana feSeni
- ,Lab on chip”®

The Handheld
Advanced Nucleic
Acid Analyzer can
detect biological
pathogens in

the field.

http://mww.rapidcycler.com/GSA/index.html



Aplikace

Jednonukleotidové polymorfismy SNP

- DNA sekvence liSici se v jediném nukleotidu

- Koduijici i nekédujici oblasti

- Zaména nukleotidu nemusi nutné vést k zaméné AA
- Variabilita v odpovédi k patogentm, lé€iviim, atd.

- Senzitivita k onemocnénim

- http://www.ncbi.nlm.nih.gov/projects/SNP/

- Detekce
- Tagman

- SNP microarray


http://www.ncbi.nlm.nih.gov/projects/SNP/

Aplikace

SNP genotypizace pomoci real-time PCR

Zejména molekularni majaky a TagMan sondy End-point analyza

« 2 alelové specifické sondy které maji specifické fluorofory a PCR
primery, které detekuji specificky target

» \/ysoka specificita

* Proby s MGB (minor groove binder, 3°) — zlepSuji hybridizaci
stabilizaci vazby MGB s templatem

* Proby cca 13bp



Aplikace

SNP genotypizace pomoci real-time PCR

Zejména molekularni majaky a TagMan sondy End-point analyza
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Figure 1. Allelic discrimination is achieved by the selective annealing of TagMan® MGE probes.



Aplikace

SNP genotypizace pomoci real-time PCR

Zejména molekularni majaky a TagMan sondy End-point analyza

« Detekce pomoci dvou majaku — 1 se vaze na wt alelu, druhy na
mutantni alelu

* Ruzné fluorofory

+——>‘R' ,

Molecular Probe Target Sequence Emission of Fluorescence



Aplikace

SNP genotypizace

APEX (Arrayed primer extension)

- 2D matice, oligonukleotidy imobilizované 5’koncem
- PCR produkt je hybridizovan a prodlouzen DNA
polymerazou

- Fluorescencne znacCené terminatorové nukleotidy




Aplikace
SNP genotypizace

S N P array Patient DNA

Array pomoci pouZiti tisice prob N Dieston

Probe Iabeliny
SNP array
2 Allele A
’i{. + e?éé?}eeé 3 Allele B

l Hybridization

@ Normal
. Deletion

. Duplication

AlleleB  Allele A




Aplikace

Analyza krivek teplot tani
= High resolution melting analysis

Analyza komplexnich sekvenci
PostPCR analyza

Snadna analyza neznamych sekvenci
Sledovani disociace fetézcti DNA v

zavislosti na teploté

B. Normalized Melting Curves
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MiRNA detekce I \

MikroRNA (miRNAS)
-Malé molekuly RNA
- rostliny i zivoCichové

Exportin Sdnduced
Muclear Export

CYTOPLASM

- konzervativni sekvence
- 21mery

- reguluji expresi genll vazbou na 3’ nepiekladany region R
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Aplikace
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miRNA | ||
Region '
Small rRNAs
‘ | | |
‘ |
0| | Lower tRNAS |
Marker | | " |
l 1 ‘\A l‘ 1 ‘
| A
4 20 40 60 80 100 150 [nt]

Fig. 1A. Image of a typical electropherogram for small RNA analysis performed with the Small RNA Assay on the 2100 Bioanalyzer (Agilent Technologies) (http://
www.chem.agilent.com/Library/technicaloverviews/Public/5989-7002EN.pdf).

Becker C. et al. 2010. Methods 50(4):237-243



Aplikace

MIRNA detekce

FEERRERREREY

« Specificky primer pro RT
« 5’ nuclease assay (TagMan) PCR

i@
i@

Step 2:

Endogenni kontrola: mala jaderna RNA (snRNA) P
"“""-ITII]IIIIIIIIIII
LR LLLLRRRLRERL
o hF]

%
4 (&)
@ © 25
1=
: g
2 z
20
15

RNU58A

—o— Ui8
—— Us4

—m— RNU58B i

—e— HY3

—— U75

—«— RPL21
— U47

Human Tissues

—4— snoRNA135 —— snoRNA142

- snoRNA202 —<— snoRNA234 —f— snoRNA251

30

T

cC oo [} [} T 9 o P} = %} > o 25 2® " £ 5
ESCEE 23 Tec c s il st Eigiigiis § § £ § 3 § £ ¢ ‘§ § ¥ ¢
25583 8RC0EEEe2 282885870823 558323838883¢ E 2 3 3 : é @ 3 s S 5
385 8F2338385°°528°5% wex3EeR03 8 s z 8 E < 5
T8REgTad33z3LT e 3£ £87%3 s s = § = = = 5 = = 4

S58 238258 % 23 z & = = =

a i | »9 =

Mouse Tissue



Aplikace

Analyza DNA metylaci

* Vice nez 70% C lidského genomu v sekvenci CpG je metylovano

» Vyznamna modifikace, regulujici napf. architekturu chromozomu i fadu déju na
bunecné urovni

* regulacni useky genu - promotory

The two main components
of the epigenetic code

C + bisulfit=U
mC intaktni

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity,

|STEP ll

NH, Sulphonation NH,

N/ HSO3. m/ veye
]\ | = l\ Endonukleazy citlivé metylovanym

OH-

> ’
" N : sekvencim
Cytosi Cytosine
yeone sul):honate BSOFI! Hpal I, MSpI and Hhal Histone modification
A combination of different
m molecules can attach to the ‘tails’
of proteins called histones, These
Hydrolytic alter the activity of the DNA
Deamination wrapped around them.
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Aplikace

Kvantitativni analyza DNA metylaci
pomoci real-time PCR

N_eme_tylovéné cytosiny jsou konvertovanynalU — T‘?“' @
bisulfitovou metodou —
1. Pro kazdou sekvenci dva pary primeru - @ @
nebo =

2. Jsou pouzity oligonukleotidy hybridizujici k
nemetylovanym sekvencim a blokujici PCR

—p P T"l' T'I-l




Aplikace

e a6

Single cell profiling

Total number of § transcripts = 6 Total number of § transcripts =6
& ° G 2

)

Total number of § transcripts = 7 Total number of § transcripts =7
Total number of § transcripts = 6 Total number of § transcripts =6
Cell collection Cell vsis | Reverse Real-time Data
y 7 transcription / PCR analysis
» glass capillaries  + purification - reverse » mastermix « normalization
« flow cytometry  + detergents transcriptase * priming * quality
* |aser capture + heat . pﬁming . tﬂmpﬁrﬂmrﬂ assessment
« osmotic « temperature profile » statistics
« mechanic profile + detection chemistry
= pre-amplification + pre-amplification

Stahlberg A. and Bengtsson M. 2010. Methods 50(4):282-288



Aplikace

Circulating tumor cells (CTCs)

stromal |OIQIOIMOIO
reaction g (@) .
: metastatic
) (D colonization
O @) \'e)®)
Ol0 ololo dormancy

Alluni-Fabbroni. 2010. Methods 50(4):289-297



Droplet digital PCR

Precizni sensitivni stanoveni NK

Kombinuje klasické PCR postupy s fluorescencnim stanovenim
produktu

Rozdéleni PCR reakce na stovky az tisice subreakci — nekde
dojde k replikace, nékde ne — pritomnost/nepritomnost
hledané sekvence

Subreakce individualné analyzovany

Ratio pozitivnich a negativnich reakci — pocatecni mnozstvi
molekul templatu

Absolutni kvantifikace bez externich standard



ddPCR - vyuziti

Kvantifikace virt a patogenu

Genoveé exprese — pokud rozdily mensi nez dva
krat

Copy number variations

Single cell analysis

Rare mutations....



=3 BuMfer

Enzymse
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Delection system (probe or dye)
Sample

Fig. 3 Components of a Digital PCR reaction and Partitioning. dPCR reactions con-
tain similar components fo that typically used in a gPCR reaction. These compa-
nents should be thoroughly mixed and then partitioned into uniform subpartitions

Che2 Ampltude
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Fig. 4 (a) Partitioned reactions are placed in a vessel compatible for the PCR amplification to take place. (b)
Amplification can take place in a standard thermocycler using typical gPCR protocols. For example 95 °C for
10 min followed by 40 cycles of 95 °C for 30 s and 80 °C for 1 min. No optical analysis is required at the
amplification phase. (c) Individual subreactions are collected and subsequently interrogated for the presence
of a positive fluorescent signal. (d) Individual reactions are deemed either a positive or negative event, counted,
and the concentration is calculated



ddPCR
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Hg. 5 Temporal plot of a dPCR reaction. X axis represents individual subreactions in the order they were ana-
lyzed. Y axis represents fluorescent signal generated in each corresponding subreaction. Blue dofs are deemed
as positive events; grey dots are deemed negative. Purple line is the threshold for determining what is positive
from negative (can be set automatically by software algorithms or manually as in the case above)



