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|. Teorie PCR, kvantifikaCni strategie, instrumentace

Il. Interkalacni barviva a sondy, design primert, sond

Ill. Aplikace, troubleshooting, design experimentl, MIQE
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Molekularni technologie
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What about DNA?

* Maurice Wilkins-James Watson-Francis Crick- Rosalind Franklin, 1953

* Dr. Franklin zemrela v roce 1958
* Nobelova cena Wilkins-Watson-Crick,1962
* model dsDNA
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Molekularni technologie

Jakym zpusobem zjistite:

1. zda pacient nese néjakou klinicky vyznamnou Souther
bodovou mutaci, ktera urCuje jeho dalSi [éCbu?

Norther |

2. ktery ze dvou genu je v néjaké tkani Flowcyt

exprimovan vice nez druhy ?

3. druh patogenni bakterie u nemocného? Kultivace, b&?&lﬁmmké analyzy

4. zastoupeni leukemickych bunék v krvi pacienta Cytogenetické vysetieni
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Koncept cyklické reparativni replikace 1971

Studies on polynucleotides XCVL. Repair Replication of
Short Sythetic DNAs as catalysed by DNA polymerases.

h

Kje|| K|eppe Kleppe K., Ohtsuka E., Kleppe R., Molineux I., Khorana H. G. (1971): J.Mol.Biol.56,341-361.

3 - DNA polymeraza @

~

Denaturace Renaturace
Har GObI nd Khorana ;\( Nova DNA polymeraza
- @ nEn L]
. @ —
Replikace Denaturace  Renaturace Replikace

Prace popsala nékteré parametry reparativni replikace — ucinnost replikace, minimalni délky primert a templatu,
sekundarni struktury atd.

ProcC se nerozsirila tato metoda uz v 70.letech?

Extrémné nakladna syntéza oligonukleotidl, nedokonalé sekvenovani, termolabilita a nakladna
purifikace DNA polymeraz, nedostupna instrumentace...



Prvni moznost diagnostické replikace DNA 1985

Enzymatic amplification of beta-globin genomic
sequences and restriction site analysis for diagnosis of
sickle cell anemia. Scieiioe mun

Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA, Arnheim N. Science. 1985 Dec 20;230(4732):1350-4.

Two new methaods-were-trsedto establish a rapid and tighly-sensitive_prenatal
diagnostic test for sickle cell anemia. The first involves the primer-mediated enzymati
amplification of specific beta-globin target sequences in genomic DNA, resulting in the

exponentratierease (220,000 times) of target DNA copies. In the secere-tethnique,

the presence of the beta A and beta S alleles is determined by restriction
endonuclease digestion of an end-labeled oligonucleotide probe hybridized in solution
to the amplified beta-globin sequences. The beta-globin genotype can be determined
in less than 1 day on samples containing significantly less than 1 microgram of

genomic DNA.


http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?PrId=3051&itool=Abstract-def&uid=2999980&db=pubmed&url=http://www.sciencemag.org/cgi/pmidlookup?view=long&pmid=2999980

Prakticka aplikace PCR 1987-8

Kary B. Mullis cetus
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Nobelova cena za chemii
1993

» Pouziti termostabilni DNA polymerazy

» Rozvedeni konceptu navrzeného K. Kleppem

» Obrovsky boom PCR diky technologickému pokroku

< - National Center for Biotechnology Information
(_3 NCBI Mational Library of Medicine Mational Institutes of Health

PubMed All Databases BLAST OMIM Books TaxBrowser
Search PubMed [=] for PCR

Structure

* 471 865 clanku (26.4.2019)




Rok 1989

 PCR vyhlasena Casopisem Science
objevem roku a Taqg polymerazu
molekulou roku



PCR

Cyklickeé stridani fazi denaturace, annealingu a extenze jednoduchou zménou teploty
reakCni smesi

Polymeraza vyuziva syntetické primery ohranicCujici amplifikovany usek DNA

[

A Double stranded DMNA,

B. Heat to separate strands
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C. Cool and allow primers to anneal
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Amplifikace DNA



Zakladni komponenty reakce

e voda

* pufr

 dNTP (dATP+dTTP+dCTP+dGTP)
* Mg ionty

* Polymeraza

* primery

e templat



PCR

Templat- co jde do reakce
Amplikon- co se amplifikuje

Amplifikace (y) = N x 2"

N= pocet molekul templatu, n pocet cykli PCR

Otazka:
Jedna molekula DNA je amplifikovana v 25 cyklech. Teoreticky, kolik molekul amplikonu (y)
je vytvoreno?

1.Pocatecni mnozstvi molekul templatu je N=600. Kolik molekul amplikonu je vytvofeno?

2.Reakce je provedena v 100ul. Kolik molekul amplikonu bude pfitomno v 1 nl (0,001 ul)?

Odpoved: KONTAMINACE JE PROBLEM
1. 22°=33 554 432
2. 600 x 22°=2 x 1010 Jedina molekula DNA mUze zpUsobit
3. 2 x10%0 ve 100 pl velké problémy
— v 0,001 pl bude 2 x 105 (200 000)
molekul amplikonu (forenzni genetika, rutinni screening a

diagnostika, GMO...)



Kvantifikace pomoci PCR

Conventional Real-time

RT-PCR RT-PCR
—l” eDNA:;lmfw cDNA transfer
I PCR reaction PCRr':nllon
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Kvantifikace pomoci PCR »End point*

Konvencni kvantitativni PCR bl
-,End point® stanoveni e S e L

- Kvalitativni odpoved YES/NO B T e
- Extenzivni validace, kontroly o o AP 5
- Denzitometrie I\/Y\;/Y\s/”\‘/\f/!

* Minimalni rozptyl v parametrech reakce ma e e
obrovsky vliv na mnozstvi amplikonu q-;;;;;;;.:;- st

N DO NN NG D NG,

3 4 5“1 2 3 Rl 5

« Interni heterologni kontrola -
(housekeeping gene) 100000 3
Viral load u HIV+ pacient( " meﬂ

R 10000 3 GLOBIN DN
 Vyskyt minimalni rezidualni choroby u onkologickych

. . 1000 <
pacientu
10 100 1000—‘_“.10(.)00
COPY NUMBER
CELL NUMBER X 1/10000




Kvantifikace pomoci PCR »End point*

Zasadni omezeni — gelova elektroforéza

* Nizka presnost

* Nizka citlivost

» Maly dynamicky rozsah — pouze 2 log

* Nizké rozliSeni, pouze na délce amplikonu

* Neni automatizovana

 Vystup neni numericky — subjektivni hodnoceni
» EtBr — nevaze se na DNA pravidelné

» Post PCR zpracovani - kontaminace




Real-time PCR

* Metoda detekce amplifikace v realném
case

 Necekame do konce reakce

 Detekce zmen fluorescence



Kvantitativni real time PCR

MODEL OF SINGLE AMPLIFICATION

PLOT
1
0.9
0.8 gt
0.7
0.6 "
£ 05 r
0.4 i
0.3
0.2
0.1
0o +H————
- e e 2 = O 8 8 8 5 T




PCR vs gPCR

Cycle 5 10 15 20 25 30 45

— e

Conventional PCR

10
Amplification curve obtained with

the LightCycler

0.8- l
0.6- ¢

Fluorescence
O

0.4- o

0.2
Cycle Number



gPCR

 Priblizné 100krat vic citliva nez PCR
* Dynamicky rozsah 9 logs



gPCR Advantages

Specific

Simple, rapid, relatively inexpensive
Amplifies from low guantities

Works on damaged DNA

Sensitive

Flexible



gPCR Limitations

Contamination risk

Primer complexities
Primer-binding site complexities
Amplifies rare species
Detection methods



gPCR reakce

Voda

Master mix (Mg, dNTP, polymeraza)
Primery

Fluorescencné znacena sonda

Velikost amplikonu — 70-100 nt



Real — time detekce amplifikace

Kvantitativni vztah mezi

mnozstvim PCR produktu (amplikonu) a intenzitou fluorescence

« Amplifikacni prah detekce (Ct)

uuuuuuu

,eind point*
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eal-time faze
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5 faze Actual
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3 Exponencialni amplifikace
pod urovni pozadi

Cycle no



Real — time detekce amplifikace

Real-time Fluorescence Based PCR

Fluorescence R je zajiSténa napfr. vazbou fluorescencniho interkalacniho
barviva na DNA, pouzitim hydrolyzacni sondy atd. Fluorescence
reportéroveho fluoroforu je normalizovana vuaci pasivnimu fluoroforu (Rox) -
Rn. Zménu fluorescence v ¢ase vuci pozadi udava ARn. (ARn=Rn*-Rn").
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1.0e+000

1.0e-001
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Delta Rn
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1.0e-004

1.0e-005
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Real — time detekce amplifikace

Reportérovy fluorofor

Intenzita fluorescence zavisi na amplifikaci templatu béhem PCR

Pasivni fluorofor

Intenzita fluorescence je behem PCR konstantni.
Zahrnuti fluorescence pasivniho fluoroforu do vypoctu technicky
zpresnuje analyzu



Real — time detekce amplifikace - Ct

Threshold cycle ,,Ct*

— urCeny na zakladé hodnoty fluorescence pozadi (backround) a aktualni

fluorescence vzorku

— kvantitativni vystup pro kazdy vzorek

1 1 1 1 1 Fluorescence

1.0e+000

1.0e-001

Threshold

1.0e-002

Delta Rn

1.0e-003

1.0e-004

1.0e-005

1 2 3 4 5 5} 7 8 ] 0 11 12 413 14 15 416 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 40

Background Threshold cycles



Baseline Value

During PCR, changing reaction conditions and environment can influence
fluorescence. In general, the level of fluorescence in any one well corresponds
to the amount of target present. Fluorescence levels may fluctuate due to
changes in the reaction medium creating a background signal. The background
signal is most evident during the initial cycles of PCR prior to significant
accumulation of the target amplicon. During these early PCR cycles, the
background signal in all wells is used to determine the “baseline fluorescence”
across the entire reaction plate. The goal of data analysis is to determine when
target amplification is sufficiently above the background signal, facilitating more
accurate measurement of fluorescence.

Threshold
The threshold is the numerical value assigned for each run, which reflects a
statistically significant point above the calculated baseline.

Ct Value

The Threshold Cycle (Ct) reflects the cycle number at which the fluorescence
generated within a reaction crosses the threshold. The Ct value assigned to a
particular well thus reflects the point during the reaction at which a sufficient
number of amplicons have accumulated, in that well, to be at a statistically
significant point above the baseline.



Real — time detekce amplifikace - Ct

Threshold cycle ,,Ct"

- pocCateCni mnozstvi kopii templatu

- definovany v exponencialni fazi PCR

- stejna ucinnost PCR ve vSech reakcich

- u€innost stépeni fluorogenni sondy nebo vazby fluoroforu na DNA
- citlivost detekce

- ¢im mensi Ct - tim vetSi poCet kopii templatu na zacatku reakce
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Real — time detekce amplifikace - Ct

Threshold cycle ,,Ct*

- rozdil 1 Ct — dvojnasobné mnozstvi templatu 21 — 2

- kolika cyklum odpovida odpovida 10ti nasobny rozdil v mnozstvi templatu?

(pfedpokladame 100% G&innost PCR) 2"=10

n=3,32

O c [ng/ul] Ct
50 28,16
300 100 27,16
150 26,66
250 26,06
300 25,66




|zolace NK



|zolace DNA a RNA

» Zisk DNA nebo RNA v dostateCnem mnozstvi a
Cistote

» Kvalita rozhoduje o uspechu dalsich metod

* Vliv metody na dalsi pouziti



Pristupy k izolaci DNA

bunka
(~ RNA
L o
Lyza biomembran \
A. Odstranujeme lipidy extrakci chloro- B. Za urcity inek absorbujeme
formem, bilkoviny srazenim fenolem DNA na po Sr0,, ostatni odsajeme
Nukleové kyseli- o SiO, je obvykle v
vodny K/\ 4 ny zlstavaji v Cr 7 S e podobé sklené-
roztok C,| roztoku, bilkovi- o nych éastic, které
(DNA, RNA) I ny se srazi a se- M (e jsou tézké, snad-
dimentuji odstie- ¢ no sedimentuji,
Rozhrani dénim na rozhra- ostatni Ize odsat.
(bilkoviny) & o o ni, lipidy jsou ex-
trahovany do \
chloroformu . Zmeénou pOdminek

chloroform

(lipidy) dojde opeéet k uvolnéni

RNA je pfip. odstranéna RNazou DNA do éistého roztoku
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Kolonky Qlagen

centrifugace

promyti a uvolnéni
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18S

|zolace RNA




Kvantifikace NK - nanodrop

Kvantifikace DNA, RNA,
proteinu

Bezkyvetovy
spektrofotometr

Meri 0,5-2ul vzorku

Od 5ng/ul do 3000 ng/ul
260/280nm

260/230 nm

-— Sample

"“""] Procossing Ses

“ 524




Templat — 1zolace RNA

- Volba zdroje (charakter tkané, biopsie, mikrodisekce...)

- Integrita (RNA Integrity Number — RIN) vypoget na zakladé 28S a 18S rRNA

- Cistota (A260/280; A260/230), pfitomnost PCR inhibitord - |
- Presné uréeni koncentrace RNA g ‘_
- Celkova RNA nebo mRNA? T
- Vhodnost metody, automatizace, vytézek... | ‘_
L e ™
|
‘ _
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Figure 2

Sample electropherograms used to train the RNA Integrity Number (RIN) software. Samples

range from intact (RIN 10), to degraded (RIN 2).




Integrita RNA

288
RNA S S . e — —

185

RNA — S s aam e

Marker

a h C d ¢ { g h

Zalozena na poméru dvou ribozomalnich RNA — 18S a 28S
Tyto RNA pfiblizné 85% celkové RNA



Cistota

260/280 nm — 1,8 Cista DNA, 2,0 Cista RNA (nizsi —
proteiny, fenol)
260/230 nm — 2-2,2 (EDTA, fenol)

Zalezi na koncentraci — pokud moc nizka, Cistota nebude
dobra



Manipulace

RNA velice nestabilni, pracovat na ledu,
okamzite zamrazit

Stabllita v -80C cca 1 rok — lepsi skladovat
cDNA

DNA pomerne stabilni
Co udéela UV s NK?



Faktory ovlivaujici gPCR



Faktory ovlivnujici gPCR

Koncentrace Mg'* (Mn'*)

- Kriticky faktor pro DNA polymerazy

- Napf. Tth (Thermus thermophilus HB-8) Mn'i* (3-6mM)
Taqg (Thermus aquaticus) Mg'!* (3-4mM)

- Nékteré polymerazy preferuji ur€itou formu Mg'*, MgCl, MgSO,

Koncentrace primeru
-obvykle 100-900nM

- ne vzdy poskytuje ekvimolarni koncentrace nejlepsi vysledek

Koncentrace sondy
- obvykle 100-400nM

- volba sondy podle typu analyzy a zadaného vystupu (genova exprese, SNP,

absolutni kvantifikace...)



Faktory ovlivihujici gPCR

DNA polymerazy

- Vyzaduji 3'OH primer
- Teplotni stabilita - nejvysSi katalyticka u€innost mezi 70-80°C
- Vyrazna ztrata aktivity pfi nizSich teplotach

- napfr. Taq pri 37°C ma pouze 10% své normalni aktivity

- Fidelity, maximalni amplifikovatelna délka amplikonu

- bakterialni Tag Thermus aquaticus

- nizka fidelity - absence 3' > 5' exonukleazové aktivity (proofreading)
- Archealni enzymy

- Thermococcus sp. (T. gorgonarius, litolaris, kodakaraensis)

* Tgo, Vent, Pfx

- Pyrococcus sp. (P. furiosus)

* Pfu

http://www.biologie.uni-regensburg.de/Mikrobio/Thomm/Buttons/bilder/thermococcus-ch-Pt.jpg



Faktory ovlivnujici gPCR

DNA polymerazy a PCR

Jméno 3’>5’ Exoaktivita Zdroj Poznamka

Taq - Thermus PolocCas rozpadu v
aquaticus 95°C - 1,6 hod.

Pfu + Pyrococcus Nejmensi error-rate
furiosus

Vent (Tli) + Thermococcus PolocCas rozpadu v
litoralis 95°C - 7 hod.

- Zajisténi 3' > 5' exonukleazové aktivity zvySuje specifitu reakce

- Nékteré aplikace (TagMan) vyzaduji 5' > 3' exonukleazovou aktivitu polymerazy
(odbourani sondy, in vivo RNA primeru pfi syntéze Okazakiho fragmenta),

jiné aplikace (molekularni majaky, scorpions) naopak vyzaduji polymerazy bez

nukleazové aktivity



Genova exprese, RT-PCR

RT PCR

Reverse Transcription PCR

- dvé na sebe navazujici enzymatické reakce

Reverzni transkripce

sg
mRNA /\/\/\/

T_IL‘__/-"

RNase H r__!,,———b\———-nrmmnn

cDNA (

S5 AAAAAAAAAAAAAA-—-AA

RNase H degrades template,

causing truncation of cDNA }

mRNA /\/\/\/\/\/\ AAAAAAAAAAAAAA-—AA

o
cDNA i

SN 111
R e TITTTTTITTITINT
ey

4\.“(‘

Reduction of RNase H promotes
higher yields of full-length cDNA

Parental strands

PCR

P e—
> P e—
Forwsrd
Primer  Backward
primer
- —
Ilelt Anneal Extend _:
A »
e
First —y
cycle
Second
cycle

P e—
| +—
P
- a—1
P

—
p—t
F—
p—
F—

. |

—_—

Third
cycle

- mnohonasobné citlivéjsSi nez napf. northern/dot blot, RNAse /S1 protection assays,

nebo ISH

- exprese mMRNA, detekce a kvantifikace vir atd.

http://8e.devbio.com/printer.php?ch=1&id=32 http://www.obgynacademy.com/basicsciences/fetology/genetics/images/pcr.png



Kvantitativhi RT PCR

Jwo step” RT-PCR

RNA

Reverzni
transkripce

cDNA

0.1

>
O

RNA

l

Reverzni
transkripce

cDNA

0.1

,one step” RT-PCR

>
O



One or two step PCR

One step or two step PCR?

One tube/two enzymes

Two tubes/two enzymes

Feature Advantages Disadvantages Feature Advantages Disadvantages
Reduced hands- Fewer errors Dedicated Separate More pipetting
on time More rapid enzymes optimisation errors

Higher enhanced
throughput sensitivity
Less pipetting Fewer errors Multiple priming Separate cDNA
options pool
Multiple targets
Reagents added Less No separate cDNA synthesis Safer long term
at start contamination optimization storage
Higher Higher specifity Target specific

temperature

priming only




Reverse transcription

Reverzni transkripce

- templat polyribonukleotidy i polydeoxyribonukleotidy
- syntéza DNA na zakladé RNA templatu - tzv. RDDP nebo DDDP aktivita (RNA/DNA

directed DNA polymerase)

- replikace retrovirua (HIV)

Priabéh RT

1. RDDP syntéza DNA fetézce podle RNA templatu
2. odbourani RNA, RNAse H

3. DDDP syntéza druhého DNA fetézce



RT

Primery

- endogenni nahodny priming — nezadouci variabilita v PCR

- nahodné primery (hexamery, oktamery, dekamery)

- prevazujici frakce cDNA — rRNA, problematicka determinace low copy targets

- nadhodnocuje mnozstvi mRNA vUc¢i specifickym primerdm

- oligo dT MTTTTTTTTTTTTITTTTT
- poly AmRNA NNNNNNNNNAAAAAAAAAAAAAAAAAA

- histony nebo virové geny postradaji poly A
- nutna RNA o vysokeé kvalité (nefragmentovana)

- specifické primery

- nejvhodnéjsi pro kvantifikaci

- separatni reakce pro jednotlivé stanovované sekvence



Primery pro RT

Standard oligo dT
3 5
— T
mRNA AAAAAAAAAAAAAAA ”

5

V dGTP, dATP or dCTP
Anchored oligo dT

3 5
NVTTTTTTIT
5 mRNA . AAAAAAAAAAAAAAA 3
N any base
Random primers
3 5 3 5
NNNNNN = NNNNNN
! mRNA AAAAAA _,
5 3
Gene-specific primers
3 5
—— "ACTTCGAAG
mRNA UGAAGCUUC AAAAAA

https://www.thermofisher.com/cz/en/home/brands/thermo-scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-
resource-library/basic-principles-rt-gpcr.html



RT

Reverzni transkriptazy

* vysoké procento chyb (nemaji proofreading)
» citlivost k sekundarnim strukturam

- zpusobi terminaci polymerace nebo vynechani useku sekundarni struktury
* vysoka procesivita v pfipadé malych amplikonu - kratké molekuly cDNA

 optimalni reakéni teplota 50-55°C

 dvojmocné ionty, Mn'* Mg'*

R 6 SoF
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I 4 5 '!-c‘t,-'
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Halobacterinm halobium SEP RNA
(SEFDA, Muarch 10, 20000



RT

Aditiva

 optimalizace ucinnosti RT

* mechanismus nejasny, pravdépodobné ovliviiuji termostabilitu enzymu nebo tvorbu
sekundarnich struktur templatu

* ruzné vysledky s rGznymi enzymy a reakénimi podminkami

Trehal6za Betain (trimethylglycerin)

0,6M/15% glycerol - brani tepelné inaktivaci enzymu Osmoprotektant

Zvysuje enzymatickou aktivitu MMLV-RT pfi 60°C Stabilizace AT paru

Uspésna syntéza fetézcd o délce 10kb Snizeni termostability GC pard — snizeni Tm
ZvySeni specifity odT primert (Superscript I1) Kombinace 2M betainu a 0,6M trehalozy

Zavislost na templazu a amplikonu

OH Optimalizace

HO™™ O ,‘\\O:,..OJOH o
HO" "0 O~~""0OH \ /

OH H L /Ni)ko_

OH



RNaza H

RNaza H
degradace duplexu cDNA/RNA

Kompetuje se syntetickou aktivitou RT (Degradace duplexu DNA primer/RNA
probéhne s vétsi pravdépodobnosti nez extenze fetézce)

= snizeny vytézek cDNA

Ale:

— neodbourana RNA muze omezovat hybridizaci primerd a snizuje citlivost
PCR

— PCR primery mohou byt zbytkovou RNA vyvazany

http://www.ambion.com/techlib/tn/101/1.html



AMV RT

AMV RT (Avian myeloblastosis virus)
« Syntéza DNA z DNA nebo RNA templatu

* DNA primery, oktamery a delSi jsou efektivnéjSi nez hexamery

 Nekompetetivne inhibovana tRNA

« Optimalni reakcni teplota 42°C

* Modularni enzym

« Thermoscript (Invitrogen) — vysSSi teplotni stabilita (65°C), redukovana aktivita
RNazy H (tvorba cDNA knihoven)

« Cetnost chyb 4,9 x 104

AVIAN MYELOBLASTOSIS VIRUS (AMV)

LTR gag @ | v-myb LTR
[ L]

672 689
==

ATG

5372 7121

Perbal B., Retrovirology 2008, 5:49



MMLV RT

MMLV RT (Moloney murine leukemia virus)

 NizSi aktivita RNazy H nez v pripade AMV-RT | 1‘ \

 Termolabilni, optimum 37°C \ |
* DNA i RNA primery, DNA primery 9-15bp vhodnéjsi .

* Modularni enzym
* Modifikované MMLV RT (redukce aktivity Rnazy H, termostabilita)
— Superscript Il (Invitrogen), Powerscript (Clontech)

« Mg'"* - syntéza dlouhych cDNA



DNA pol RT

DNA polymerazy s RT aktivitou

Tth (Thermus thermophilus), Tfl (T. flavus), BcaBEST (Bacillus caldotenax) -Takara

RDDP i DDDP aktivita
VySsi termostabilita nez RT

Vysoka Cetnost chyb (nemaiji 3’ - 5’ exonukleazovou aktivitu)

C. therm polymerase (Roche)
Klenowlyv fragment z Carboxydothermus hydrogenoformus
Vysoka teplotni stabilita a presnost syntezy

(Cetnost chyb polovi¢ni ve srovnani s Tth)



Kontaminace PCR

Cross contamination Carry-over contamination

Vzorek 1 Vzorek 2 N\

Vzajemna
kontaminace PCR 1

W ol y
Prenos amplikonu
do dalsich PCR
W PCR 2

PCR 1 PCR 2




Kontaminace

Jak predejit kontaminaci

« Spravna laboratorni praxe
* Plastik v RNA kvalité

* Automatizace

UL i

www.millipore.com; www.appliedbiosystems.com

i N

‘ rPnston

Piston

Unprotected
air space: 4
Aerosol contamination .-’

Filter—— «— Protected air
3 space
Aerosol —P: No aerosol

5

< ill
Tip Capillary
[
Gilson Pipetman® P200 Regular air Microman@ positive Gilson Microman® M50
displacement displacement

pipette pipette

Figure 1| Two pipetting concepts: air displacement using standard filter
tips, and positive displacement as applied in the Microman pipette.

9 Y,

Application note: Contamination-pipetting: relative efficiency of filter tips compared to Microman® positive displacement pipette. Nature Methods 3 June 2006



Hot Start

HotStart Taqg

* Modifikace polymerazy (Chemicka modifikace, MoAb)

» Upravena, teplotné senzitivni polymeraza

Nucleic Acids Research, 2003, Vol. 31, No.21 6139-6147
DOI: 10.1093/nar/gkg813

Cold-sensitive mutants of Taq DNA polymerase
provide a hot start for PCR

Milko B. Kermekchiev, Anatoly Tzekov and Wayne M. Barnes*

DNA Polymerase Technology Inc., 1508 South Grand Avenue, St Louis, MO 63104, USA and Department of

Biochemistry and Molecular Biophysics, Washington University School of Medicine, 660 South Euclid Avenue,
St Louis, MO 63110, USA

Add TaqgStart Antibody with your Tag-derived //
DNA Polymerase during PCR set-up

Begin

‘\ thermal cycling
>70°C
. —

Polymerase “’k
activity restored ’

Polymerase
activity blocked

www.giagen.com



Hot Start

HotStart dNTPs

* Modifikace termolabilni
tetrahydrofuranovou (THF) skupinou
(cyklicky ether)

» Brani extenzi a dimerizaci primeru

« ZvySenim teploty dojde k uvolnéni THF
Fig 1: Proposed activation mechanism of CleanAmp™ dNTPs

dNTP/x o o o
|

HO-P-0-P-0-P-0— B
Standard _,»“‘“”x&& . OH OH OH —U

_ primer f"En\zyme’:’z PPi )
g, —e9 = dN*TP 0,
— X
Target
95°C (/l 95°C
g ¢ 9
dNTP HO-P-0-P-0-P-0— B
OH OH OH
Standard g% \é\> .
: = . PPi
o Pmer BRIV ... dNTP o8
3’ = - = —
Target A

1.8 - —_—
A —_ CleanAmp, 100 ng
é ] - - Standard, 100 ng
s 4 CleanAmp, 10 ng
": Standard, 10 ng
w 1.0 —CleanAmp, 1ng
- Standard, 1 ng
@ | CleanAmp, 0.1 ng
o 0.6 - - Standard, (.1 ng
(=] ——CleanAmp, 0.01 ng
3202 - - - - Standard, 0.01 ng
w TN . ——CleanAmp, NTCG
T ’ - - - - Standard, NTC
0.2 1 T 1 —_—
o 10 20 30 40
Cycles
B 40
b
“\\\
35
=
[+
T 0
o
(&)
25
» CleanAmp dNTPs = Standard dNTPs]
20 T T T T T

0001 001 01 1 10 100 1000
Human genomic DNA (ng)

Figure 2. Comparison between standard dNTPs and CleanAmp™ dNTPs
for amplification of a 187 bp target from human genomic DNA in quan-
titative PCR. Results are presented as an amplification plot (A) and a
standard curve (B) with standard dNTPs: (Y = -3.191*LOG(X) + 33.36,
Eff. = 105.8%) and CleanAmp™ dNTPs (Y = -3.079*LOG(X) + 32.12,
Eff. = 111.2%).

C S = Standard dNTPs
C = CleanAmp™ dNTPs
— —
N
-

187 bp 235 bp 384 bp 638 bp

Figure 1. Comparison of (A) standard dNTPs and (B) CleanAmp™ dNTPs
for amplification of a 235 bp target from human genomic DNA over a range
of annealing temperatures. (C) Performance of standard and CleanAmp™
dNTPs for the amplification of four targets from human genomic DNA.



Hot Start

Alternativni HotStart pristupy

» Fyzické oddeleni jednotlivych reakénich slozek

* lyvazani nebo chemicka modifikace primeru

Fig. 1. USB HotStart-IT Method: Primer Sequestration
l PCR Reaction Preparation without Hot Start l
S

| | S ST
Polymerase v 4 @‘ &

+ primers with sell-complementary region « primers hybridize to each other at low temperatures * primer-dimers are produced
« polymerases are recruited to hybrid * PCR Failure

| PCR Reaction Preparation with USB Hot Start Method I

@TTTITTITITTTTTITTITTI® Binding Proteins @m AT lﬂ1@

@ @
- TR e
o = > ULV O
- UL G ® j ©
Polymerase
« primers with self-complementary region + binding proteins interact with primers + denaturation step Inactivates binding proteins

« primers are sequestered at low temperatures + primers bind to specific targets
+ prevents non-specific hybridization and extension * PCR Success



UNG

Uracil-DNA-glykosidaza (UNG)

« odstranuje uracil z DNA
 zahajuje bazovou excizni reparaci — dochazi k
odStépeni poskozené baze (deaminovany cytosin) a

vzniku AP mista (apurinové, apyrimidinové misto)

DNA containing U formed by
deamination of C

l /AP site O
7/

DNA polymerase

Deoxyribosephosphodiesterase
.

THE CELL, Fourth Edition, Figure 6.21 © 2006 ASM Press and Sinauer Associates, Inc.



UNG

Uracil-DNA-glykosidaza (UNG)

» Pokud reakéni PCR master mix obsahuje dUTP misto dTTP, vysledny amplikon bude
obsahovat ,U" misto , T*

 UNG rozpozna mista v DNA ktera obsahuji ,U“ a Stépi je za vzniku AP mista

 DNA obsahujici AP mista je termolabilni

« Lze tak zabranit ,carry over® kontaminaci — PCR produkt nemuze byt reamplifikovany

* Na zacatku gPCR reakce — odstranéni produktu predchozich reakci

—0—P=0

ooo

******

ooooo

—o—p=0 —o-pP=0




UNG

Uracil-DNA-glykosidaza (UNG)

 Pouzitim UNG a vhodné smési dNTP, Ize zabranit ,carry over‘ kontaminacim v

laboratori — PCR produkt nemuze byt reamplifikovany
« Vlastnosti DNA obsahuijici ,U“ misto , T
- dU maji stejnou schopnost hybridizz

- lze ji pouzit i pro dideoxy-NTP sekw«
- PCR fragment Ize pfimo klonovat d« imenu

1 First-strand cDONA synthesis
¥ Frofile l.ﬁ.utn Ir‘u:rement] Ramp Flate]

Stage 1 Stage 2 Stane 3

LTTITE _ : _

% .AAAAA Reps: |1 | Reps: |1 | Reps: [40 |

!gﬁ.n I [25.0 |

l Treat with RNase H

[10:00 [0 ]

s
¥/\ Single-stranded cDNA —

Proceed to real-ime quantitative PCR

www.appliedbiosystems.com; www.invitrogen.com



