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Separate strands
by heating to 95°C.

Figure 13-11 part 1 Concepts in Biochemistry, 3/e
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Hybridize primers
by cooling to 50°C.
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DNA is synthesized

by extending the primers at 72°C.

Figure 13-11 part 3 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Denature DNA
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Real time PCR

1. Navazani: SYBR® Green | se vaZe b&hem kaZdeho
cyklu na dvouviaknovou DMNA.

2. Denaturace: Ve fazi denaturace DNA je SYBRE

Green | uvolnén z vazby na DNA a celkova fluorescence
dramaticky klesa.

3. Polymerizace: B&hem annealingu primerd a elongace

retézce se Sybr Green opét zadina navazovat na
vznikajici dvouvlaknowvou DMNA - fluorescence stoupa.

FORWARD: PRIMER
[ —

4. Ukonéeni polymerizace: Emitovana fluorescence
dosahuje maxima.

L 1 L
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1. Polymerizace: Fluorescengni substrat (reporter - R) a

jeho zhase& (Q) jsou navazany na 5 a 3' kence TagMan
sondy.

N FORWARD PRIMER Q PROBE 03‘
3
5

REVERSE PRIMER

2. Elongace fetézce: Dokud je sonda intaktni zaZeni
emitované substratem R je pohlcovano blizkym
"zhaseiem".

; R_o.
2

3. Odstépeni: kdyZ Tag polymeraza dorazi k zacatku
sondy, postupnég ji edehlipuje aZ odStépi fluorofor. Ten se
timto oddali od zhaSece a emitovaneg svétlo prestane byt
pohlecovano - detekovana fluorescence stoupa.

Ny

S 03'

4. Polymerizace ukonéena: reporterova barva oddé&lena
od zhafele emituje charakteristickou fluorescenci.
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Real time PCR
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“standard curve”
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Real time PCR proteinu
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Real time PCR proteinu
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Stanoveni sekvence DNA

¢ Restrikcni enzymy

¢ Chemickeé stepeni — Maxam
Gilbertovo metoda

¢ Enzymova metoda

¢ Pyrosekvenovani
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Restrikcni enzymy
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Restrikcni enzymy

(b) EcoRV

5 G AATTC 3

-
' —C—T-—T—A—AfG 5
A

i Cleavage site <« Twofold symmetry axis




Restrikcni enzymy

Chromosome I Chromosome II

DNA has DNA has only
3 target sites 2 of the target sites

1 2 3 1 S

| «— A ——>| <« B>| | C |

Cleave with
restriction enzyme

and electrophorese

a C
Fragment C is

the size of
A + B combined




Restrikcni enzymy




Maxam Gilbertova metoda

Maxam-Gilbertova metoda

— 7znaceni 5 konce ‘P

— specificke chemucke stépeni

— elektrotoréza




Maxam Gilbertova metoda

S AAGTTAGCCTCAGTT 3
3- TTCAATCGGAGTC AA EETNH

dsDNA znacena na 5°- koncich

Separace Fetézcd.
v
LRl AAGTTAGCCTCAGTT JES
ssDNA

S —

Tl

e AR e AE S
G ‘ 4 \ ‘ + | l C \

V kaZdeé zkumavce je DNA sStépena chemickym
cinidlem, které selektivné Stépi jedern nebo dva typy bazi.
|

Separace vytvorenych fragmentd elektroforézou.

¥

Autoradiografie
a odecet sekvence
z autoradiogramu.
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Maxam Gilbertova metoda
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Maxam Gilbertova metoda

é—

MY AAGTTAGCCTCAGTT JEN



Enzymova metoda

®BR®Ee® @’ ®® ®|®

Template strand

A T C€C G A T C G A

Primer strand

dATP dATP dATP
dGTP + ddGTP dGTP dGTP
dTTP + ddTTP dTTP
dCTP dCTP + ddCTP

: AGCT ACTAGC
ACTAGCTAGCT ACTAGCTAGC

a4
I
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~
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Extension of

Electrophoresis gel
primer strand
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Resulting X-ray image of primer strand sequence
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Figure 11-30 Concepts in Biochemlstry, 3/e
© 2006 John Wiley & Sons
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2003 - Projekt lidského genomu
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Pyrosekvenovani

* Prvni reakci je DNA polymerace pomoci DNA polymerazy,
kdy dochazi k zarazeni prisluSneho deoxynukleotid trifosfatu
(dNTPs) za uvolnéni pyrofosfatu.

(DNA)n + dNTP — (DNA)n+1 + PPi (polymeraza)



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



Pyrosekvenovani

* Prvni reakci je DNA polymerace pomoci DNA polymerazy,
kdy dochazi k zarazeni prisluSneho deoxynukleotid trifosfatu
(dNTPs) za uvolnéni pyrofosfatu.

(DNA)n + dNTP — (DNA)n+1 + PPi (polymeraza)

» Vznikly pyrofosfat je uvolnén z polymerazy a muze slouzit
jako substrat pro ATP sulfurylazu. Pti1 této reakci dojde ke
kvantitativnimu pievedeni pyrofosfatu na ATP.

PPi+ APS — ATP + SO,*> (ATP sulfurylaza)



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



Pyrosekvenovani

« Bdéhem tieti a ¢tvrté reakce je ATP prevedeno na svételny signal
pomoci enzymu luciferazy a nasledné je svételny signal
detekovan a vyhodnocen programem.

Luciferaza + D-luciferin + ATP — Luciferaza-luciferin-AMP + PPi

Luciferaza-luciferin-AMP + PP1 + O2 — Luciferaza +
Oxyluceferin + AMP + CO2 + svétlo



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



Pyrosekvenovani

» Posledni enzymatickou reakci je reakce apyrazy, kterd odstrani
nezainkorpovane nukleotidy a ATP, aby nasledné mohlo dojit k
zopakovani celého vySe popsaného procesu a mohlo byt
analyzovano zarazeni dalSiho nukleotidu. Tato degradace je
nezbytna, aby bylo zajiSténa synchronizace mezi syntézou a
detekci svételného signalu.

ATP—AMP + 2P1 (apyraza)

dNTP—dNMP + 2 Pi (apyraza)



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



Pyrosekvenovani

Process Overview

2) Clonal Amplification 3) Load beads and enzymes 4) Perform Sequencing by synthesis
on 28 py beads in PicoTiterPlate™ on the 454 Instrument



454 pyrosekvenovani

Technologie vyuziva paralelni sekvenace: vice nez

-2 milion sekvenci zaroven.

-Lze ziskat aZz 1GB (gigabazi) informace béhem jedné
analyzy (cca4.5 h).

Vyuziti:
-sekvenace genomU (nahodné nastépena genomova

DNA je sekvenovana a sestavena)

- studium metagenomut (4. souhrn vsech gend,
pfitomnych v daném prostfedi, pouziva se DNA
extrahovana ze vzorku pldy, vody, sedimentu,
mikrofldry streva ad.)

- tzv. amplikonové sekvenovani. Vlastni sekvenaci Zafzeni je velmi nakladné (cca 17
pfedchazi PCR zacilena na 16S nebo 18S geny mil. K¢), analyzy jsou ale dostupné
prokaryot a eukaryot komercné, takze vétsina laboratofi v

soucasnosti vyuzZiva sluzeb externich
- analyza typu ,shotgun® — veskera DNA / RNA, sekvenachich stredisek.

ziskana ze vzorku



Sekvenovani
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Single
molecule?

Massively parallel
sequencing
Short-read
sequencers
Capillary sequencing p¥’Mlcromlling
Gel-based systems
Second-generation
Automated capillary sequencer
DO First-generation
capiliary
I I T T T T : .
1980 1985 1990 1995 2000 2005 2010 Future
Year

Stratton et al. 2009 Nature 458:719-724




Geneticka daktyloskopie

The Process of DNA Typing




Pouziti restrikCnich enzymu - RFLP
Restriction Fragment Length Polymorphism
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Short tandem repeats

0 220 240 260 2B0 300 320

100 120 140 160 180 20

AS*PROFI...US LADDER 4 Blue PROFILER PLUS LADDER




Short tandem repeats




Short tandem repeats

LANA size (B
275 200

D21S11
FGA

D75820
VWA  D13S8317 D18551
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200

D75820
CSF1PO

D165539




Testy paternity

Zjednoduseneé testy

¢ STR na Y chromosomu - muzskych
(o) Vé ’
potomku srovnani s otcem

¢ Mitochondrialni DNA - dédi se po
matce - matroklinni dedicnost



DNA chipy
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DNA chipy

Light

Mask j_—_

Phot_osensitive— - - ! - H ! H -
(0] 0] O 0]

protecting groups

1. deprotectlon
Growing
oligonucleotides

Glass substrate

l l T 2. chemical
NIRRT coupling
T

!!-!gg

o T

¢ T £ & T
G G A A G
A G T G T

repeat



DNA chipy

Prepare CDNARIrobe EIEPATEIICIOATIay)

XX w‘%ﬁ

RT/PCR

Label with
Fluoreacent Dyesa

o e

Microarray Technology



DNA chipy - barva skvrn
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DNA chipy - vybaveni




DNA chipy software
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Proteinove chipy




Proteinove chipy — typy
Interakci

« Protilatka Antigen Ligand




Anti-GST Probe
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Blotting

¢ Southern — DNA
¢ Nothern — RNA

¢ Western - bilkoviny



|zolace nukleovych
Kyselin

Duraz kladen na ¢&istotu
nikoliv mnozstvi - PCR



Cil izolace

¢ Odstraneni proteinu
¢ DNA vs RNA

¢ izolace specifickeho typu NK



Typy NK

¢ genomicka (chromosomalni)

¢ organelova (mitochondrie, chloroplasty)
¢ plasmidy (extra-chromosomalni)

¢ virova (ds nebo ss)

¢ komplementarni (mRNA)



Nejpouzivanegjsi metody

+ na zaklade rozdilne rozpustnosti — extrakce,
srazeni

+ na zaklade vlastnosti - chromatografie —
polarita- adsorpcni, naboj-ionexova

+ sedimentace - gradientova ultracentrifugace



Postup

1. Rozbiti bunek a membran pro uvolneni NK

2. Inaktivace DNA- nebo RNA-degradujicich
enzymu (DNasy, RNasy).

3. Separace NK od dalsich komponent uvolnenych
Z bunky.

« Extrakce/Precipitace

* Chromatografie

 Ultracentrifugace



Extrakce/Precipitace



2 The cells are removed
and broken to give
a cell extract

1 A culture of bacteria is grown
and then harvested

Centrifugation

-:.—"L-:. ) '.l .'-
\_y‘\ Cell extract

Bacterial culture
Pellet of cells

1

1.‘1‘;‘_; i }.'\

q Pure DNA

4 The DNA is The DNA is
concentrated purified from
the cell extract




Izolace genomickeé DNA

Typicka procedura
1.Sklizeni bunék

2.Lyse bunek

0.5% SDS + proteinase K (55°
nckolik hodin)

3.Fenolova extrakce

Jemné¢ tfepani nékolik hodin
4.Ethanolova precipitace
5.Pusobeni RNAsy a proteinasy K
6.0Opakovani kroku 3 a 4.



Extrakce/Precipitace

Krok 3: Organicka extrakce

Vodna
faze
e.g. phenol, Chlorofo;m, " ’
or phenol:chloroform \/ Interfaze
? 4 ° Organicka

faze

Hruby lyzat obsahujici NK Vodna faze obsahuje NK, organicka
a dalsi soucasti bunky faze bilkoviny a lipidy. Nerozpustné

slozky pfitomné v interfazi.




Extrakce/Precipitace

Krok 4: Precipitace NK

Supernata 70% Et

Pelet i U D
Rozpusténi
(H,O, TE, etc.)

Pred

Pfidani EtOH a soli
2-2,5 objem EtOH
-20°C
Vysoka |
pH 5-5.5



Detail kKroku 5

PouZiti nukleas pro odstranéni nechténé DNA nebo RNA

+[OMase

\

ENA

+ DMase (protein)

+ RMNase (protein)







Adsorpcni chromatografie

AdsorpCni chromatografie

Krok 1: Priprava lyzatu Krok 2: Adsorpce na silikagel

Centrifugacs




Adsorpcni chromatografie

Adsorpéni chromatografie

Krok 3: Vymyti kontaminant

Krok 4: Eluce NK

Centrifugace '
B D e —_—

e, —-‘

Elucni pufr:
Vysoke pH

Nizka jontova sila




Ionexova chromatografie

Vazba pi1 nizkém pH nizké I

Eluce zvySenim pH nebo vysokou I

DEAE (diethylaminoethanol) Chemical structure
of DNA




Gradientova centrifugace



Diferencialni versus gradientova
centrifugace

Pour oud: | 1 Pour aut: PO Gl
15,000 g [ | 100,000 g | =/, 300,000
B min | | 80 min :

- Pour out Clrga nelle
fraction

ih -

Lysosomes -
(112 glem3) ™\

J i )

E
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Filtered E(I"Jurzlﬁi mr:hﬂndria, |-_P|fasrna EHi(hEISI:t'rnElI Soluble

homagenate chioroplasts, ~ membrang,  subunils, partion
lysosomes, microsomal  small of

and fraction polyribio- cyloplasm | Peoro

peroxisomes  {fragments ol somes (eytosol) I3 HELF’G;;EnTHE]E {

endoplasmic Gt -.

Mitochondria —| =
(118 glem3) i

Increasing density of
sucross (gioma]

reticulum, - A
and large After
nolyribosomes centrifugation centrifugation




Gradientova centrifugace DNA CsCl

o Sample loaded onto top of
Sample of nucleic acid concentration gradient >

Experiment begins =

Tubes placed in ultracentrifuge and rotated at high
speed; Sample is separated into its two components




Linear and
oc DNA ~__

Ty,

Supercoiled ~
DNA

(a) An EtBr-CsCiI
density gradient




Izolace RNA - specialni pristupy

nutno pouzit inhibitory RNAsy

extrakce guanidium chloridem
fenolova extrakce pri pH < 4 (pH 8 pro DNA)
pusobeni RNase-free Dnase

selektivni precipitace rRNA, mRNA s LiCl

oligo-dT afinitni chromatografie - mRNA




Kontrola Cistoty a
kvantifikace NK

Kontrola NK
* spektrofotometricky

lovalita
* kovantita
» gelova elektroforeza
» kvalita

Az 1.0 = 50 pg/mles =~ 33 pg/mlss
Azeo/Azs0 16-18

Azso 1.0 = 40 pg/ml

Azso/A2sn ~2.0
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Kontrola degradace: RNA
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Arabidopsis  Alfalfa Corn  Spinach



