UVOD DO KVANTITATIVNI
REAL-TIME PCR

V. Interkalacni
barviva a sondy




Fluorofor (F)

Fluorofor — vétSinou heterocyklicka nebo polyaromaticka sloucenina, pfi
prechodu z excitovaného do zakladniho stavu fluoreskuje

_ Fluorescence 10° sec.
EXxcitace

NV’ __, Fosforescence 10 sec.

A 10-1° sec. : /> a2
\|// A\ /N

> Zhéaseni nebo prenos energie
\

Zakladni stav Relaxace Excitovany stav Vnitfni konverze




Fluorofor (F)

Fluorescencni kvantovy vytezek (Fluorescence quantum yield, QY) —
pomér emitovanych fotonu k absorbovanym.

Molarni extinkcni (absorpcni) koeficient — jak silné dana latka absorbuje
svetlo o dané vinove délce =¢eCl
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Stokesuv posun; Jablonského diagram
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Quenchers — Zhasece

Q)

Zhaseni — quenching

* Redukce QY (quantum yield) v daném fluorescencnim déji

» Absorpce nebo disipace energie — navrat fluoroforu do zakladniho stavu

bez emise fluorescence

Proximalni zhaseni — kolizni quenching

* Fluorofor velmi blizko zhaSeCe — prenos energie z F na Q ve formé tepla —

nenastane zadna fluorescence
» Proximalni zhasece: molekularni kyslik, Cu?*, Mn2*, NO3

Fluorescent
emission

Excitation

Fluorochrome

Fluorochrome

http://www.etswebsite.be/




Fluorescencni rezonancni energeticky transfer (FRET)

Zaklad rady experimentalnich metod v biochemii a molekularni biologii

» Prenos energie z donorove na blizkou akceptorovou molekulu, donor se
vraci do zakladniho stavu bez vyzareni fluorescence; akceptor vyzari energii
ve forme fluorescence

« Emisni a absorpcCni spektra se musi prekryvat

- Férsterova vzdalenost  obv. 100A

* Energie, kterou donor vyzari nebo preda musi byt dostatecna k excitaci
akceptoru

 Priklad: FAM-TAMRA, DABCYL, BHQ

Donor J(0) Acceptor
hv em fluorescence absorption
hvex ——— ‘
\J
FRET
huoex —s ‘ ‘ Wavelength (1)
hv em



NejCasteji pouzivane fluorofory

DYE-5'-Tx
EX EM

FLUOROPHORE




TaqgMan (Nuclease) probes

FAM (reporter) BHQ1 (quencher)

- Light source FAM JOE _
Detection channels (ABI7500)




TagMan probes :

FAM (reporter) BHQ1 (quencher)
' FRET
ﬁ 4
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Light source FAM JOE
Detection channels (ABI7500)




TagMan probes :

FAM (reporter) BHQ1 (quencher)

| .
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PCR product
. | |

Light source FAM JOE
Detection channels (ABI7500)




TaqMan probes :

FAM (reporter) BHQ1 (quencher)

Pri[ner . .:
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PCR product
. | L

Light source FAM JOE
Detection channels (ABI7500)




TagMan probes :

FAM (reporter) BHQ1 (quencher)

DNA polymerase

| oo | .
Primer extension ™.
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PCR product
. L L

Light source FAM JOE
Detection channels (ABI7500)




TagMan probes :

FAM (reporter)
BHQ1 (quencher)

PCR product
. L ]

Light source FAM JOE
Detection channels (ABI7500)




TagMan probes :

BHQ1 (quencher)
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PCR Wroduct

L
Light source FAM JOE

Detection channels (ABI7500)




TaqMan probes :
JOE (reporter |

BHQ1 (quencher)

PCR product

I
Light source FAM JOE

Detection channels (ABI7500)




TagMan probes :
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Detection channels (ABI7500)




Multiplexni reakce

Detekce dvou nebo vice targetovych sekvenci v jedné
reakci (simultanni amplifikace)

Dva nebo vice setu primeru
Dva nebo vice fluoroforu (FAM, VIC)



Multiplex PCR assays:

BENEFITS -

e Reduced cost

__Platform __|_3xmonoplex | _Multiplex (x3)

LightCycler $9.75 $ 4.00
ABIl/RotorGene $ 6.90 $ 3.05

e Reduced hands-on-time

» fewer reaction mixes to make, store, QC etc.
» Fewer reactions per sample to prepare

e Higher throughput

» saves valuable space on real-time PCR instrumentation




Multiplex PCR assays:

LIMITATIONS -

+ Preferential amplification of one target sequence
over another is a known phenomenon in multiplex
PCR (ie bias in template-to-product ratio)

Two processes that induce this bias have been
identified,

PCR drift and PCR selection (competitive inhibition)




PCR drift

PCR drift is due to stochastic fluctuation in the interactions
of PCR reagents particularly in the early cycles, which
could arise in the presence of very low template
concentrations, or through assay design.

Eg. Primer / probe interactions:

EXAMPLE:

Duplex LC assay for Bordetella pertussis & B. parapertussis:
» sensitivity was reduced when assays were duplexed.

Detection limit (copies/reaction)
B. pertussis B. parapertussis

Individual assays

(Kosters et al. J Clin Microbiol. 2002 May;40(5):1719-22.)




.

» The loss of sensitivity for the B.parapertussis assay was caused

by interaction between the reverse primer and the 2nd
hydrolysis probe of B.pertussis.

Primer Premier Software:

AG= 142 [kealsfmal] [3' Cross Dimer)
E' CCTCGACAATGCTGGTGTTCA = B.parapertussis reverse primer

LILETTL] .
3' CCLACAAGTAGGCCGGCCCGA §5'  B.pertussis probe2

The 3" end of the B.parapertussis primer was complementary to the
B.pertussis probe.

1.Primer/probe binding limits their availability during the reaction

2.The primer can bind to the probe and extend, reducing the available primer
for amplification of B. parapertussis DNA.

It is important to carefully select primers and probes.




PCR selection (competitive inhibition)

PCR selection is defined as a mechanism which inherently
favours the amplification of certain templates due to the
relative target concentrations or properties of the target.

Amplification bias may also be due to the choice of primers
used in the multiplex PCR.

Primer pairs with high amplification efficiency will produce
amplification product independent of starting template
concentrations.

Primers with lower amplification efficiency can result in
amplification bias depending on the template
(concentration)




PCR selection (competitive inhibition)

This Means That:

In cases of mixtures of primer pairs of high and low
efficiency, the earlier amplification of one target may
inhibit the amplification of a second target

Can be an issue for inclusion of internal controls:

» internal control DNA added to a reaction mix
should be less than the expected Target DNA




Detekce amplikonu



Specificka vs. nespecificka detekce amplikonu

Nespecificka Specificka
Linearni sondy
- Interkalaéni barviva - ResonSense, Angler Probes

- Quencher Labeled Primers % H.yBeacons
- LUX Primers - Light-up probes

- TagMan sondy (Hydrolyzacni sondy)

- Lanthanidové sondy

- HybridizaCni sondy

- Eclipse

- Displacement Hybridization/Complex Probes

- Amplifluor

Strukturni sondy
- Molekularni majaky
- Scorpions
- Cyclicons
- Nanoparticle Probes
- Konjugované polymery a PNA sondy




Nespecificka detekce mnozstvi
amplikonu

- Interkalacni barviva
- Quencher labeled Primer
- LUX Primers
- Amplifluor



1. Interkalacni barviva

Reverzibilni vazba na dsDNA

* Relativné levné ¢
e Citlivé ¢

Denature

Nevyhody:
e Néktera barviva se vazi na L L L Ll

SSDNA ¢ ¢

* Nespecificka vazba na jakoukoli

||||’||||| |’|| L L L L) Anneal

dsDNA (primer dimery)

* Peclivy navrh primeru a

extenzivni validace, disociacni [T LTI @..... Extend
kfivky

http://www.uic.edu/depts/rrc/cgf/realtime/melt.html
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Melting curves
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Melting Curve for Standard Curve Samples in Real Time for GAPDH



dRFU/T

Melting curves

0.4 -
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—-RT
— no template

9%

Tm of amplicon 82.5C
No contamination

Derivative Melting Curve for Standard Curve Samples in Real Time,

GAPDH Endogeneous Control



Interkalacni barviva

Ethidium bromid SYBR Green @
30ti nasobny narust fluorescence 7N
po vazbé& na dsDNA SYBR Green I NSNS
_ SYBR Gold Nt |
Nepravidelna vazba na DNA YO (Oxazole Yellow) 3
& TO (Thiazole Orange) @
e el PG (PicoGreen)
Mutagen 2
>1000 nasobny narUst
fluorescence
Rovnomérna vazba na DNA
Qy =0,60 _ _
i 3 Bezpedny ? :
400 450 500 550 600 650 700 750
Wavelength (nm) 225 325 425 525 625

Wavelength (nm)



Interkalacni barviva

A) SYBR Green

B) Ethidium bromide




DNA Detection: SYBR Green |

SYBR Green

DENATURATION STEP: DNA + PRIMERS + DYE Emitted Light ,
WEAK BACKGROUND FLUORESCENCE ‘ o

ANEALING STEP:DYE
BINDS dsDNA, EMITS LIGHT

Polymerase

EXTENSION STEP: MEASURE
LIGHT EMMISSION



gPCR: SyBr® Green

/ Binds minor groove of double-
- stranded DNA.

T Product can be further tested
- In a post-amplification melt
— e curve in which sequences
have characteristic melting
_— temperatures.
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2. Quencher Labeled Primers

Pouziti dvou odlisSnych molekul

PNA (peptide nucleic acid) oznacenou na C konci zhaSeCem DABCYL (Q-PNA)
+

Primer se specifickou sekvenci na 3’ konci a fluoroforem a PNA komplementarni

sekvenci na 5’ konci

Fluorescence udava mnozstvi primeru

hybridizovanych k templatu /amplikonu plus “’Hﬂa e 0h-S
mnozstvi fluorescencné oznacenych dsDNA I NP i
I i o =G O
amplikonu o W o )
p R o Q /( O-——E—oe

X e N

Real-time i end point o y ! o
by O T
R 4] N ' [+
HM\’lR o “2 T e A /QEH
PROTEIN Q‘N/éo/ DNA
\



2. Quencher Labeled Primers

Primer >25bp se zhaseCem na 5’ konci (QSY 7, QSY 9), Molecular Probes-
Invitrogen

QSY 7/QSY9 zhasi fluorescenci interkalacniho barviva (SYBR), které se muze vazat
na primer dimery nebo primer samotny
Po prodlouzeni retézce neni jiz fluorofor zhaseny

Redukce pozadi/ nespecifickych signalud




3. LUX Primery

LUX" detection

Light Upon eXtension — Invitrogen
R

_b Forward primer (single-labeled)

* Reverse nebo forward primer oznacCeny

fluoroforem. 3 >
- Ve vlasenkové konformaci zhaseny. Druny > 3
primer je neoznadeny. e O e p—
* Po inkorporaci do dsDNA je zhaseni
uvolnéno a emitovana fluorescence l
R
| >
Figure 2 - The LUX" (Light LUpon eXtension) effect 5,
: 3
1.0 (

Extended Primar (dsDiMAI

0.4 N T

Single-stranded Primer
0.1

Hairpin Primer

Relative Fluorescence

Primer Conformation



4. Amplifluor http://www.genxpress.at/

«3 typy primert - Dva specifické pro
amplifikovanou sekvenci a jeden tzv. UniPrimer

« Jeden ze specifickych primerd  obsahuje
univerzalni (Z) sekvenci na 5 konci, druhy neni
nijak modifikovany

« 3’konec UniPrimeru je komplementarni k Z
sekvenci prvniho primeru, zbytek smérem k 5’konci
tvofi vlasenku oznaCenou fluoroforem (FAM) a
zhaseCem (DABSYL)

UniPrimer ®%

 vyhoda: kazda PCR muze byt snadno adaptovana
na Amplifluor PCR, zacClenénim Z sekvence na
5’konec jednoho z primeru

* moznost pouzit dva ruzné znacené UniPrimery s
konci komplementarnimi k odliSnym Z sekvencim —
SNP analyza/alelicka diskriminace



Amplifluor

3
\ The Z primer anneals, and Is extended In
- the first ampification round
g Semrte §
—______1
Z
Sy e————

The UniPrimer anneals to the sequence
of the Z primer and Is extended by the

polymerase

The UniPrimer-containing product serves
g as a template for the other primer

Extension of primer causes the hairpin to

.‘ unfold and to separate the reporter and
quenchear. The reporter fluoresces




Specificka detekce mnozstvi amplikonu

Linearni sondy Strukturni sondy
-ResonSense, Angler Probes - Molekularni majaky

- HyBeacons - Scorpions

- Light-up probes - Nanoparticle Probes

- Hydrolyzacni sondy

- Lanthanidové sondy

- Hybridizacni sondy

- Eclipse

- Displacement Hybridization Probes



Linearni sondy



1. Reson Sense & Angler Probes www.dstl.gov.uk

- urychleni gPCR - optimalni fluorescencni signal jiz po 5 sec. v annealingu

- DNA interkalator (SYBR Gold) — FRET donor + sonda specificka k jedinému
amplikonu — FRET akceptor (Cy5 na 5’konci) — bud volné (ResonSense) nebo
pripojena k primeru linkerem (Angler Probe)

- DNA polymeraza bez exonukleazoveé aktivity v pripadé ResonSense

- Pokud neni pfitomna cilova sekvence, nebo béhem denaturace, neni SYBR a
Cy5 v dostateCné blizkosti aby doslo k FRET a emisi fluorescence

- kvantitativni PCR i alelicka diskriminace (vice ruzné znacenych sond)

ex 495nm
\ em 537nm
ex 495nm em 695nm
‘0000 St ’?'
SYBR gold OO O OT |

SYBR gold




2. HyBeacons www.lgc.co.uk

* Velmi jednoduchy princip i design

« Sonda emituje fluorescenci pouze v duplexu s DNA

* P na 3'OH konci — neni volna OH skupina pro polymerazu

« Snimani fluorescence v annealingovém kroku

* Bez nutnosti FRET, navrhu sekundarni struktury nebo enzymatického stépeni

 RozliSeni blizce pfibuznych sekvenci na zakladé Tm umozriuje detekci SNP i
kvantitativni analyzu

-9




3. Light Up Probes

* Podobné HyBeacons
* PNA s konjugovanou thiazolovou oranzi
(asymetrické cyaninové barvivo)

* PNA neinterferuje s PCR

» Nizka fluorescence volné sondy — narust po
vazbé k DNA (annealingovy krok — snimani
fluorescence)

* SNPs (jedina baze)

PNA

Target
DNA

X HC \ 7/

TO-N
| S

Y l S
1y

g ,NQ

HSC X

TO-N'




Light Up Probes

Lys1-TAGCTGCT-- --CO-(CH2)5-TO-N

11mM LUP2

55mM TCCTTCATTCGCTTC 55mM ATCGACGVAGACAGCTGGCGA
LUP2 nekomplementarni LUP2 komplementarni

Svanvik et al. 2000. Light-Up Probes: Thiazole Orange-Conjugated Peptide Nucleic Acid for Detection of Target Nucleic Acid in
Homogeneous Solution. Analytical Biochemistry 281, 26—-35 .




4. Hydrolyzacni sondy (TagMan Probes)

* 5" nuclease assay

 Velmi popularni design a univerzalni pouziti

 Fluorofor na 5’, zhase€ na 3’ konci (snadna syntéza)

« 5'-3’ ds exonukleazova aktivita DNA polymerazy

 F-Q — FRET (TAMRA) nebo emise tepla (BHQ)

» Pokud je pfitomen templat, sonda se komplementarne vaze na
cilovou sekvenci — annealing

» Hydrolyza sondy béhem extension faze PCR (rozdil od
predchodzich) , uvolnéni fluoroforu a ireverzibilni emise fluorescence
* Nenavazana sonda zustava intaktni a nedochazi k fluorescenci @

Q Q

 Je nutné sladit annealingovou teplotu proby s optimalni teplotou

polymerazy @ o
r\ Q
@

%

* Slou€eni annealingového a extension kroku do jediného, obvykle 8-10 C pod Tm
sondy (60-62 C)

» Kvantifikace, SNP, alelicka diskriminace atd.

* Multiplexni reakce



5. UPL sondy

» Podobné TagMan sondam o)
\

» Sekvencné specificky par primeru +
semiuniverzalni sonda - knihovna

» Do sekvence sondy zaclenéna Locked
nucleic acid (LNA) — zvySuje teplotni

stabilitu — Tm

H
ot
b"fﬂ LNA 8-mer
y 5-TGC GGTG-3

}
N _o.B  DNA 8-mer
5-TGCIGGTG-3'

B LNA Monomer
|

% B-D configuration
o}

{0 ?

(0]
o B
? O
O=Ii'-0'
Perfect Single
Match Mismatch

3'-ACGACCAC-5 3-ACGGCCAC-5 AT,

71°C 45°C 26°C

35°C 235°C 10°C



6. Lanthanidove sondy

* varianta hydrolyzacnich sond (TagMan)

» fluorescencni znacka — lanthanidové chelaty (terbium,
europium) s molekulami, schopnymi absorpce UV —
uzke emisni spektrum

» zhaseny ssDNA — Fadovy narust fluorescence po
hydrolyze sondy

* time resolved FRET — odecet fluorescence po urcité
dobé od excitacniho pulzu — snizeni fluorescence
pozadi

» dalSi snizeni zbytkové nespecifické fluorescence
pomoci kratké sondy se zhaseCem — do cyklu je zafazen
krok 35 C kdy se vaze sonda se zhaseCem na
nenavazanou reportérovou sondu

» kombinace s klasickymi fluorofory




/. Hybridizacni sondy

* dva oligonukleotidy, navrzené tak, aby hybridizovaly na templatu vedle sebe
» fluorofory tvofici FRET par
» pouze po uspésné hybridizaci dojde k emisi fluorescence

FRET Emise fluorescence &3 signal

N
e S

Sondy nehybridizuji v dostatecné /
blizkosti — nedojde k FRET Emise fluorescence 3§ X signal

* kvantifikace, genova exprese, SNP



8. Eclipse

* Linearni sondy, podobné TagMan

» 3’ konec — fluorofor, 5° MGB protein a zhasec€

* Nejsou hydrolyzovany Taq polymerazou

* Pokud neni Eclipse sonda hybridizovana k templatu, zaujima konformaci, ve
které jsou fluorofor a zhasec v tésné blizkosti

» Pritomnost MGB zvySuje uc€inek zhaseCe — redukce fluorescence pozadi a

umoznuje konstrukci kratSich sond s vySSi Tm

elR In an ntact Ecipse probe, the reporter is
5 3 quenched when in close proximity 1o quencher
a ®
> " During annealing, the proba unfolkds and binds
to the target sequence to separate the reporter
-— and quencher, The reporter fluoresces
Q Reporter
© cuencher

[ZEE Minor groove binder



9. Displacement Hybridization/Complex Probes

* v reakci krome sondy a templatu je navic kompetitor

» kompetitor blokuje nespecifickou hybridizaci sondy k podobnym sekvencim, ale
nezasahuje do hybridizace mezi presne odpovidajicim templatem a sondou

» SNP — diskriminace rozdilu i v jediné bazi

» fluorescence se meri v annealingove fazi

+ matched
target L

e
----------'/\v

| |
] (&
+ mismatched :.

target 1]
]|
¥
is
T
|
n
T

---’--



Strukturni sondy



1. Molekularni majaky/ Molecular beacons

o

Target

w
3!
"*2
o

Molecular
beacon

Q
Reporter Quencher

* vlasenkova struktura, konce jsou vzajemné komplementarni; smycka je
komplementarni k cilove sekvenci

» konce oznaceny fluoroforem a zhaseCem

* ve vlasenkové konformaci je fluorescence zhasena

 po vazbé na komplementarni templat dochazi k emisi fluorescence

» fluorescence je odectena v annealingovém kroku

* po zvySeni na extenzni teplotu, sonda disociuje a nebrani polymeraci

 Stratagene

E‘}i&’



1a. PNA Molekularni majaky

* Klasické majaky Spatné hybridizuji ke komplementarni I I
_|_
ssDNA v roztocich o nizké iontove sile, pomér signal/Sum je A
ﬁ“ o’ Molecular
rizny, ale zvySuje se s rostouci iontovou silou v g
- ,stemless” majaky vyborné hybridizuji i za nizkych ‘EA
koncentraci soli, ale maji nizky pomeér signal/Sum l | —
* PNA ,stemless” majaky kombinuji vyhody obou systému — DNA
OH
’ H ..;;.T/<
« VVyhody: {’/q: "9
0-?-0
- Neobsahuiji jiné sekvence nez komplementarni k cilové 0’2 g
molekule =» vyrazné urychleni kinetiky reakce g /Co*?-’-c'gz 9
0 0=p—0
- Rezistentni k nukleazam _C(
0 ’%/\
- Necitlivé k pfitomnosti DNA vazebnych proteinu {‘ /<A'-“‘T N
O

- Uginné i v nizké iontové sile a pfi vyssich teplotach



2. Scorpion primers

Ry ik

» kombinace sondy a primeru v jediné molekule

» nedochazi k enzymatickému Stépeni — rychlejSi proces

« pomér amplikonu a hybridizovanych sond (tedy i fluorescence) 1:1

» vlasenkova struktura - sonda (specificka sekvence) kovalentné
vazany primer

* PCR blocker — zabranuje replikaci sekvence sondy a tedy i
nespecifickému fluorescenénimu signalu

» zhaseni fluoroforu je zajiSteno separatnim oligonukleotidem

O amplicon specific region

® blocker
© fluorophore
® dark quencher

=3 DCR primer

X Elements of a Scorpions primer
dark guenchér an separate alige bigckar
.\\ ,' ?cr primer

T [ S
|~ ’
L e

\ — >

m ﬂuom‘;"om ’"’I“
—




Scorpion primers

* Nizké pozadi

The Scorpions reaction
* Rychla analyza

° Jeand uchy deS|gn Step 1 - the Scorplons primer is extended on target DNA.

* SNP — vysoka citlivost

 Multiplex «

» Jednoducha pfiprava

Step 2 - the extended primer is heat denatured - the quencher disassociates.

Scorpions
Molecular Beacon

Taghan V"’/

i = . - . . . . . .
ooog U ‘ - & = & RN e
a000 - ] I ] ] ] ] ] i
8000
7000 4
E 6000 - ! I ! ! ! Step 3 - as it cools the extended Scorpion rearranges and begins to fluoresce in a
g target specific manner; unextended primer is guenched.
o 5000 4
a2
E 4000 4 ] I ] ] ] ) ] ]
3000 4 ! 1 ! ] ] . ] ] ] “—a‘ _
- -
2000 4 ] I ] ] ] ] ] ]
|~ I
1000 4 ] I ] ] ] _— ] ]
o @ -
0 - S ————

cycles - ‘ >




3. Sondy zalozené na nanocasticich (nanoparticles probes)

« Hybridni materialy slozené z biomolekul (oligonukleotidy) a anorganickych latek —
napr. zlaté koloidni nanocastice

 kovove clustery — efektivni zhasecCe

* hybridni konjugat — ssDNA oligonukleotid, 1,4nm zlata nanocCastice a fluorescencni
barvivo

« 5" a 3’ konce oligonukleotidu jsou vzajemné komplementarni, struktura podobna
molekularnimu majaku

Nevyhody

* NizSi citlivost — reSeni zména velikosti nanocastic,

« Zmena absorpcniho spektra v zavislosti na vinové délce
» Vazba Au-DNA

Target

+ — ’ \

Molecular
beacon Au nanoparticle
. /

Reporter Quencher




