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PCR — polymerase chain reaction

1971 Kleppe et al. objev amplifikace in vitro

1976 objev termostabilni polymerazy z Thermus
aquaticus (Chien et al., 1976)

1983 Mullis pracujici ve spolecnosti Cetu
Corporation (Kalifornie) vymyslel koncept PCR

1993 Nobelova cena za chemii

Mullis dostal v roce 1983 10 000 dolaru, pricemz
firma technologii pozdéji prodala firmé Roche za
300 milionu dolaru
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Polymerazova retézova reakce (PCR)

- termostabilni polymerazy, napr. Taqg DNApolymeraza
- 3 kroky:

1. Denaturace

2. Annealing

3. Elongace
http://www.youtube.com/watch?v=eEcy9k_KsDI
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Slozeni reakcni smeési
dNPS
lonty
Primery
Templat
Polymeraza

Dalsi komponenty...

PCR box v LBMA (Foto: PiZzova)
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dNTP
* dATP, dGTP, dCTP, TTP

* nejbéznéjsi

koncentrace dNTP je E=EE=TE=E
200 uM 4
lonty
Mg nebo Li

dATP, dGTP, dCTP, TTP, ve forme soli

volné Mg?*
koncentrace muze kolisat od 1 mM do 5 mM



Primery

Design primeru (BLAST)

Teplota nasedani
(http://www6.appliedbiosystems.com/support/te
chtools/calc/)

Unikatni sekvence

Délka okolo 30 pb

Bez sekundarnich struktur
Dimery primeru!!
Rovhomérné AC/GT
Koncentrace 0,1 —1 uM
Fluorescencni znacky



Enzym polymeraza z bakterie
Thermus aquaticus, odtud
oznhaceni Taqg polymeraza

Modifikace polymeraz:

Thermus aquaticus (Foto: Wikipedia)

hot start, reparacni, syntetickeé...
Koncentrace 0,25 U/reakci (25 pl)

http://www.youtube.com/watch?v=IdXXGt8lhss



Templatova DNA

* 20 pg/ ul (teoreticky staci 1 molekula)
 Nesmi obsahovat inhibitory
e Purifikovana DNA i primo vzorek (napr. bukalni stér)

Pufr

Obsahuje pomocné latky jako je BSA
« dimetylsulfoxid
 Triton atd.



Optimalizace PCR
Pocet cyklU reakce (25 — 50)
Reakéni objem (1 — 50 mikrolitu)
Koncentrace Mg, primeru
Délka pocatecni denaturace
Teplota nasedani



Modifikace PCR

Hot strart PCR

Nested PCR

Touch down PCR

Multiplexova PCR

Aleloveé specificka PCR

PCR v realném case (kvantitativni)



Hot start PCR

* Vyuziva hot start polymerazu
* Redukce nespecifické amplifikace

e Taq polymeraza je chemicky (protilatkou) nebo
mechanicky modifikovana tak, aby jeji aktivita
byla spusténa az zahranim na 95 °C



Touch down

Redukce nespecifického pozadi reakce
SniZzovani teploty nasedani primeru od
nespecifické - o3 -5 Cvyssi k presné teplote
nasedani

NizsSi teplota — zvysSuje presnost nasedani

Vyssi teplota — zvysuje sanci na nasednuti
primeru



5 3
58C 63C touch down PCR

x ) 5 denature:95'C,1.5min
annealing:63~59C,1.5min | X2
extension:72°C,2.5min
denature:95C,1.5min
annealing:58°C,1.5min X25
extension:72°C,2.5min _

5 3
. B3C
conventional PCR ~59C
denature:95C,1.5min ~ 3 5
annealing:58°C,1.5min | X35
extension:72°C,2.5min l
3 5' 3
B 58C =
5 3 5'
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Nested PCR

e Zvysuje specifitu PCR
e Dva PCR cykly v jednom:

1) Produkt amplifikace je méné specificky,
delsi nez pozadovany produkt

2) Presné primery, jako templat neslouzi
genomova DNA, ale produkt predchozi reakce



Primer Target template

target site
A "4
Primer target
site
+-l=ﬂ
R T S ™ | . T
=
Primer
+1°PCR
ZZl 2 + vzezm ea—ea

Primer dimers  non-

Specific product
i P specific artefacts
20 PCR
Nested *
primer site
7 B P " " 4|
Nested mmmm No nested e
primer site primer sites
.‘_ [
No PCR
L] + d p .
Nested Primer amplification
+ 29 PCR
EEEE T

Specific nested product
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Multiplex PCR

Amplifikace vice lokusti béhem jedné reakce
Nutnd OPTIMALIZACE PRIMERU!
Setfi ¢as i pénize

Narocné na optimalizaci podminek cyklovani



Alelove specificka PCR

* Detekce polymorfismu

* Primery navrzeny tak, aby nasedaly pouze na
wild type nebo mutantni alelu

* Nutné prisné podminky cyklovani bez
nespecifickych produktu



PCR v redlné case

RNA i DNA
nterkalacni barviva (SYBR green, EVA green)

Dualné znacené sondy (TagMan, Scorpionrs...)
Specialni cykler vybaveny snimacem fluorescnce
Narust fluorescence reflektuje narust PCR produktu
Siroka $kala vyuZziti



PCR v realném case

* http://www.youtube.com/watch?v=QVeVIM1
yRMU

ARN

Lagand
|7 TMPT 238 .'I'MF'T 460 TPMT 718

Real time cykler (Life Technologies)
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http://www.youtube.com/watch?v=QVeVIM1yRMU
http://www.youtube.com/watch?v=QVeVIM1yRMU
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PCR a aDNA

* Oproti recentni DNA rozdily v:

Slozeni reakcni smeési
Objemu reakcni smesi
Designu primeru
Délce produktu PCR
Podminkach cyklovani

Typu pouzité PCR



Specifika amplifikace aDNA

* Polymeraza

Vysoce specifickd, hot start, az 4U/reakce
Reparacni polymeraza

* BSA, Triton

* DNA —az 20 pl vstupniho materialu

* Preference vyssiho objemu reakcni smési
* Redukce pouziti prefabrikovanych smési
* Nutna optimalizace koncentrace primeru




Specifika amplifikace aDNA

Kratké produkty PCR

Teplota nasedani primerud se muze lisit od
recentni DNA

Navyseni poctu cyklu
Primer — dimery

Bézné pouziti modifikaci — zejména nested
PCR a touchdown PCR



Komercne dostupne kity

,all in one”
Forenzni kity — kvantifikace DNA
- amplifikace STR (Y, autosomalni)
Velmi robustni aplikace
Optimalizovany pro recentni vzorky, ne aDNA

Pomérné vysoké porizovaci naklady



Sekvencovani

Automatické sekvenatory

- pouziti modifikované dideoxy-terminatorové
metody

- pouziti fluorescencnich barviv pro detekci fetézcu
DNA

- elektroforeticka separace produktt vSech Gty
dideoxy-terminatorovych reakci

spoleCné v jedné draze gelu nebo kapilare

- pouziti fotoburiky k detekci fluorescence barviv pfi
jejich prichodu gelem nebo

kapilarou

- pfimy pfenos vystupu fotoburiky do pocitace —
automatické analyzovani vysledk

Bi5130 Zaklady prace s lidskou aDNA



Sekvencovani

e inkorporace terminacnich fluorescenéné znacenych dideoxynukleotidd (ddNTP)

» kazdy ddNTP ma navazany jiny fluorochrom, odliSeni na zakladé riznych emisnich
spekter

« zafazeni ddNTP do fetézce zpusobi ukonceni

syntézy molekuly DNA

* v reakci vznika smés riizné dlouhych produktd

* po precisténi od volnych nukleotidl je vzorek rozdélen na kapilarni elektroforéze (soucast
genetického analyzatoru)

« fotoopticky systém pfistroje zajisti automatické precteni sekvence (detekce fluorescencné
znacenych fragmentu, zachyceni emitovaného svétla)

1a 20 an 40 =11 1] 70 a0 a0
COATID A TTROCGGCOD0E AATTCACCCTTTCTE TACG ADG ATO ATTTACACGCATE TOCTE AAMITTAGCGATACCAO AATAC GC TCACCAC




Masivni paralelni sekvenovani

* NGS zahrnuje nasleduijici kroky:
1. Priprava genomové knihovny
2. Sekvencovani a ¢teni

3. Bioinformaticka analyza

Principy:

Pyrosekvencovani

Polovodi€ove sekvencovani
Sekvencovani pomoci ligace
Sekvencovani syntézou (lllumina)

HTS
NGS
Sekvenovani 2. a 3. generace



Priprava genomoveé knihovny

Fragmentace - mechanicka nebo enzymaticka # — o
v ., o -
Pripojeni adapteru DNA fagnent
Imobilizaci knihovny na pevném povrchu 5
Amplifikace o ——
Navazani primerl pro sekvencovani Mapérl  DNAfgnent!  vmniadptc  DNAfgnenl adaptérd
paired-end (A) mate-paired knihovnu (B)
Barcode sekvence - dalsi multiplexovani
fragmentace pfipojeni adaptéra
“L/—h\/’/x ,\
/"“")
separace podle
velikosti a PCR
LB
\/“ Q-/‘ —
ﬂ. ——
-’\. —
LB
f" ——
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Shot gun strategie vs. Enrichment strategie

B1
Shot gun = analyza celého
metagenomu
Enrichment = cilené obohaceni
Oznacéi pouze zadané geonomické
regiony knihovny
Obohaceni probiha prostfednictvim
PCR nebo hybridizace
PCR — emulzni (B) nebo mustkova (A)
Hybridizace - pomoci sond
reprezentujici cileny region, ktery po
nasednuti zablokuji

- na Cipu nebo v roztoku

B2

B3
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Sekvencovani syntézou (lllumina)
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lidskou aDNA
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Masivni paralelni sekvenovani aDNA

Date range of methods
T 1

2013 2014 2015 2016
|

2006 2007 2008 2009 2010 2011 2012
| | | | | |

Whole-genome in-solution capture’®

Whole-chromosome target enrichment’’

Microarray-based target enrichment’®

In-solution target enrichment; PCR probes’®
Primer extension capture®®

Selective uracil enrichment®®

ssDNA library?!®8°

Extraction of ultrashort DNA fragments?!

True single-molecule DNA sequencing (Helicos)*®

High-throughput DNA sequencing

13-Mb-long mammoth Mammoth Methylomes??
DNA (454 proteome’7 Methylome and nucleosome maps®*
0.7x mammoth genome (454)° 6.8 lceman 52x Neanderthal genome (Illumina)?? aDNA studies
16 Paleo-Eskimo genome (Illumina)* (gseonfirlgfﬁ 400,000-year-old mitochondrial genomes3%3? ::dblgijlca:;::
1.3x% Neanderthal genome (454 and Illumina)® 1.1x 700,000-year-old horse genome (lllumina and Helicos)’
113

30x Denisovan genome (lllumina)’®!  'Maize kernel transcriptomes
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a dsDNA library

Tvorba genomovych knihoven aDNA

c ssDNA library

—u 1 —u ; (Strand 1)
(Strand 2)
l End repair l Denaturation
U a — U ——— (From strand 1)
._
A ° (From strand 1)
(From strand 2)
l Adapter ligation
l ssDNA adapter ligation
—U f
p—A
—Uu
l Fillin
U S
% A
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l Extension

A -

4/ 1L
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—U
Adapter ligation
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Enriching aDNA

Bi

a Selective uracil enrichment

—y——t—————(Strand 1)
—(5trand 2)

Denaturation 1

—U————— (From strand 1)
(From strand 1)

(From strand 2)

ssDNA adapter ligation 1

"

phosphorylation

%
A —
g—
N e—

Extension and l

USER treatment 1

hd

Ty
.
Ty
A o
Ty
Ty

Ex'censionl

1171/

Ex‘tensionl

} Supernatant

i

/

/

b wisc
Endogenous fraction
u
A
Exogenous fraction
* Heat denaturation
‘ Hybridization
U

Target-enriched fraction

Washing u
and elution { ]

T Hybridization

ww A
YW
1 In vitro transcription
PP | |

1 Probe DNA library

Biotinylated
RNA probes

Fresh DNA extract

Figure 4 | Enriching DNA libraries for ancient inserts. a|Selective uracil
enrichment is shown. 5"-phosphate groups are indicated with black circles,
single-strand DNA breaks are shown as vertical lines, biotinylated adaptor groups are
shown in red, and streptavidin-coated beads are shown in grey. A single-stranded
DNA (ssDNA) library is built until the polymerase extension step. DNA is then
phosphorylated to enable the ligation of the second adaptor. This contrasts with

the ssDNA library procedure, in which the ligation occurs between the 5" end of the
second adaptor and the 3" end of the newly synthesized strand [FIC. 3c). DNA is then
treated with uracil DNA glycosylase and endonuclease VIII {USER mix) to generate
and then cleave out abasic sites at cytosines that were deaminated into uracils
post-mortem. The 3'-phosphate groups at these new termini are then removed

(not shown). The resulting 3'-OH ends now serve to prime an extension with a DNA
polymerase, which copies throughout the whole length of the strand complementary
to where the damage was. As a result, the supernatant now contains double-stranded
DNA (dsDNA) library templates corresponding to the original deaminated strands.
Other library templates remain unaffected and can be separated, as they remain
bound to streptavidin-coated paramagnetic beads. b | In whole-genome in-solution
capture (WISC), ssDNA templates from an ancient DNA {aDNA) library are prepared.
The target, endogenous aDNA is shown as thin black lines, whereas the exogenous
contaminating DNA is shown as thin green lines; adaptors are shown as thick blue
lines. In parallel, a probe DNA library is prepared from fresh modern DNA extracts (thin
red lines) and used to generate biotinylated RNA probes through in vitro transcription.
T7 adaptors to enable in vitro transcription are shown in thick purple lines. The
aDNA library is annealed to the RNA probes, low-complexity DNA and adaptor
blockers (the latter two are not shown for simplicity). The library fraction of interest
is then recovered following elution from streptavidin-coated paramagnetic beads.
Part a adapted with permission from REF. 68, Cold Spring Harbor Laboratory Press.
Part b adapted with permission from REF. 78, The American Society of Human Genetics.



Analyza dat

Srovnani s referencni sekvenci
Adapter removal

BWA nebo Bowtie 2

Picard

Genome analysis toolkit
Paleomix — mapDamage2
ExaML

MetaPhlAn



Masivni paralelni sekvencovani aDNA

Rekonstrukce fylogeneze druhii a objasnéni evolucnich procest
Vyzkum dynamiky prehistorickych populaci

Determinace fenotypu a selekce

Rekonstrukce starobylych epigenomu

Metagenomika

Studium tafonomie aDNA a degradacnich procesu
Autentifikace aDNA

Posouvani limitu analyz ( 500 000 tis jeskyné, 1 mil let
permafrost)



