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Nukleoveé kyseliny

Dlouhy, nerozvétveny polymer tvoreny 4 typy monomeru. Informace je ulozena
v poradi (sekvenci) monomerd.

DNA — deoxyribonukleova kyselina — vlastni nosiC genetické informace (skoro vidy)

RNA — ribonukleova kyselina

Sekvence je vzdy zapisovana od 5’ ke 3’ konci



Interakce nukleova kyselina — protein

Prenos genetické informace je vicekrokovy proces

VSechny kroky probihaji za ucasti proteinu
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Interakce nukleova kyselina — protein
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Interakce nukleova kyselina — protein

Interakce protein — nukleova kyselina muze byt:
* Nespecificka — vazba na cukr-fosfatovou kostru

e Specificka — zahrnujici rozpoznavani bazi = sekvence

Nukleosom — nespecifickd interakce histonu s DNA TATA-vazajici protein — specifickd interakce s DNA



Palindromy



Palindrom

 Specificky pripad sekvence, ktera je z obou stran stejna
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Palindrom

* \/ biologii (biochemii) se palindrom vyskytuje v sekvencich DNA

 Aby mohla byt sekvence palindrom, MUSI se &ist zepfedu a zezadu
stejné — POZOR, sekvence biopolymeru (proteiny, DNA, RNA) jsou
orientované!!! A proto:

Protein: MELEM $§¢ RNA/DNA: AGCCGA  §€ DNA: TCATGA ‘/
N-Met-Glu-Leu-Glu-Met-C 5'-A-G-C-C-G-A-3’ sy

C-Met-Glu-Leu-Glu-Met-N 3’-A-G-C-C-G-A-5’



Palindromatické sekvence v DNA

* Sekvence, kterd je totoZznd s KOMPLEMENTARNI sekvenci
(vzdy sudy pocet)

* Dvoupismenné (celkem 4, bez zvlastniho vyznamu) AT TA CG GC
v o, , AATT ATAT AGCT ACGT
* Ctyrpismenne (celkem 16) TATA TTAA TGCA TCGA

GATC GTAC GGCC GCGC
CATG CTAG CGCG CCGG

* Sestipismenné (celkem 64)

AAATTT  AATATT ATATAT ATTAAT  TAATTA  TATATA  TTATAA  TTTAAA
e De | Si AAGCTT



Vyskyt palindromu v DNA

* Nahodny — Cisteé statisticky se mohou palindromy vyskytovat casto:
* Dvoupismenny — prumeérné kazda 4. dvojice
e Ctyfpismenny — priimérné kazda 16. ctvefice
* Sestipismenny — primérné kazda 64. Sestice

* Cileny — vyuZivany burikou pro rozpozndvani/manipulaci DNA

* \V redlné DNA je nahodny vyskyt palindromu potlacen
(je jich méné, nezZ by se dalo cekat na zakladé nahodného vyskytu)



Struktura DNA palindromu
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Palindromy a interakce s proteiny

* Diky palindromu se opakovana sekvence vyskytuje dvakrat naproti
sobé

* Protein mulze rozpoznat DNA na dvou mistech

* Dimer proteinu muze vazat obé mista
* Vyrazné silnéjsi vazba
* Vyssi specifita




Dpnl-DNA komplex
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Restrikéni endonukleasy



Restrikéni endonukleasy

* Nukleasy — proteiny stépici DNA

* Exonukleasy — stépi DNA od konce
* Endonukleasy — stépi DNA uvnitr retézce

* Restrikéni endonukleasy — stépi DNA po vazbeé na urcité misto
sekvence (Casto jde prave o palindrom)



Restrikéni endonukleasy (RE)

* RE jsou enzymy bakteridlniho puvodu

* Typicky existuji v komplexu s methylasou, ktera methyluje vlastni DNA

* Slouzi pro ochranu pred bakteriofagy — stépi fagovou DNA
(nemethylovanou)




Nazev restrikcnich endonukleas

Napr.: EcoRIl — Escherichia coli RY13

* Prvni dveé pismena druhoveho jména BamHI - Bacillus amyloliquefaciens H
v/ v Sacl — Streptomyces achromogenes
* Dalsi rozliseni (kmen, typ---) Hindlll = Haemophilus influenzae Rd

e Pofadové ¢islo v daném organismu sall = Streptomyces albus G

ECORIL

Escherichia(co)i kmen®( 13 opsané restriktasa z E. coli

Roberts RJ et al.: Nucleic Acids Research, 2003



Klasifikace RE

* Klasifikace podle mista Stépeni a kofaktoru
* Typ | — proteinovy komplex, nahodné misto stépeni
* Typ Il = stépi v definovaném miste v blizkosti rozpoznavané sekvence,
Mg?* ionty jako kofaktor
* Typ lll = hydrolyzuji ATP, specifické misto stépeni
* Typ IV — stépi modifikovanou DNA (napr. methylovanou)

Table 1. Subtypes of Type Il REases

Subtype* Defining feature Examples Recognition sequence

A Asymmetric recognition sequence Fokl

Acil
° ° V V7 v 4 o B Cleaves both sides of target on both strands Begl
( E X I St u e Vet S I m n O Z Stv I o t u 4 Symmetric or asymmetric target. R and M functions in one polypeptide Gsul
HaelV
Begl
E Two targets; one cleaved, one an effector EcoRIl
Nael
F Two targets, both cleaved coordinately SAil
SgrAl
G Symmetric or asymmetric target. Affected by AdoMet Bsgl
Eco571
H Symmetric or asymmetric target. Similar to Type | gene structure Begl
Ahdl
M Subtype IIP or IIA. Require methylated target Dpnl
P Symmetric target and cleavage sites EcoRlI
PpuMI
Bsll
S Asymmetric target and cleavage sites Fokl
Mmel
T Symmetric or asymmetric target. R genes are heterodimers BpulOl
Bsll

“Note that not all subtypes are mutually exclusive. E.g. Bsll is of subtype Pand T
"The abbreviation indicates double strand cleavage as shown below
5°CCITNA GC

AnTlce



Sté&peni — tvorba koncl na DNA

* RE typicky stépi obé vlakna DNA ve stejném mistée sekvence

* V zavislosti na pozici stépeni mohou vznikat:
* 5" previslé konce (5’ overhangs)
* 3’ previslé konce (3’ overhangs)
* Tupé konce (blunt ends)

BsiWI Sphl Dral
5’C‘GTACG3' 5'GCATG‘C 3 5 T T T/AAA 3
3’GCATG‘C5’ 3’C‘GTACG 5’ ¥ AAA|(TTT v

S s N S o S e N

5"GTACG3' 5'GCATG‘3' 5 7T T| 3 5|A A A 3
3"0 5’ 3 C‘S’ 3y AAA|Y |TTT v

5 ¢ | 3
3’GCATG‘5’ 3"GTACG5’




Schizomery

* Isoschizomery — dvé RE, které rozpoznavaji stejnou sekvenci
Hpall: C4CGG

Mspl: CLCGG

* Neoschizomery — rozpoznavaji stejnou sekvenci, avSak stépi ji rizné

Aatll: GACGTI.C

Zral:  GACYGTC



Vyuziti restrikénich endonukleas

e Charakterizace fagové DNA

* Tvorba velikostnich standardu DNA

Lambda pBR322 DX174
Lambda Lambda DNA/EcoRI+ DNA/BsuRI DNA/BsuRI
DNA/EcoRI DNA/HindlIl Hindlll (Haelll) (Haelll)
Marker, 1 Marker, 2 Marker, 3 Marker, 5 Marker, 9
bp bp
’ v 4 °/ o 2:,2 21226*
* Analyza DNA — mutace, mnozstvi kopii genu
ki 512 =
@ - 603
v/ . v , 2 5 5 2
53 2
* Priprava DNA pro sekvenaci a dalsi analyzy !
947 1= 118
3530 ot 2

. hd . I 4 ’ 0.7% agarose 1% agarose 1% agarose 2.5% agarose 1.7% agarose
O I I a C e o n ova n I tvo r a *Cohesive ends (the 12 nt cos site of lambda DNA) may anneal and form additional bands.

ThermofFisher Scientific

Nastépena fagova DNA slouzZici
jako velikostni standardy pro
DNA elektroforézu



Databaze restrikCnich endonukleas

* Typicky spravované vyrobci restrikcnich endonukleas
* Pozor: Mohou obsahovat jen enzymy daného vyrobce |

* Obsahuji ndzev, rozpozndvané misto, zpusob Stépeni a dalsi informace

e Casto v&etné ndastroju pro analyzu a vyhledavani
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REBASE

* Nejobsahlejsi (,kompletni“) databaze restrikcnich enzymu

http://rebase.neb.com/

REBASE"

The Restriction Enzyme Database

Use this tool as a guide to the ever-changing landscape of restriction enzymes.

REBASE is a dynamic, curated database of restriction enzymes and related proteins. EE%‘? WHAT'S NEW?
[ n |
Data files Lists and compilations Publications SUBMIT DATA
Sequence data Tools Related websites
PacBio data Enzymes FTP \% SUBSCRIBE
Crystal Data Genomes O
Methylation Sensitivity Suppliers
><] coNnTACTUS
S EARCH 0 Advanced Search
use quotes around phrases
by | enzyme name or number v

ABOUT REBASE CITING REBASE ? HELP $“"Classic



REBASE

* Enzymy podle typu, rozpoznavanych sekvenci, ...

.BASE Lists ! REB A E® REBASE Enzymes 03/31/2021 73S
Citing REBASE... S e Lists
Type II restriction enzymes
d home page-.. producing 5' overhangs
EllZy]]lE Navigaﬁon Tables: Spe(‘ialized Information: Length Overhang Enzyme |Recognition M_o_lecular Suppliers Isoschizomers
Sequence Weight
» AllAcronyms.. * PacBio. _ 4 NNNN  |Aar CACCTGC (48) |- B PagCl
* Enzymes Grouped by Tyvpe « Restriction enzyme properties n TCGA Absl CCITCGAGG 5 i
* Prototypes'neoschizomers... *  Split Type IT rec seqs... - ' — - -
&  Newest Enzvmes * Methylase recognition sequences. . 2 MK - Accl Grl c - 42493 BIEMNQX Ebil Xmil
B » Methylase recognition sequences (plain text)... 4 NNNE Acelll CAGCTC 11y |- - -
o Type IT m4C methylases (plain text) 2 CG Acil CCGC (-3-1) 60993 N BspACI Ssil
REBASE Cenomes: o Type [ m5C methylases (plain text) 2 CG Acll AACGTT 37882 |INV Pspl406]
G Lis * Type Il 6mA methylases (plain text) 2 cG Acvl GRICGYC - 1 Ahall AosIT AstWI Asulll Bbill BsalHl BssNI BstACI Hgil HeiDI HeiGI HgiHII
¢ genome List.. e Type I mdC m5C, and 6mA methylases (plain text) Hin 11 Hsp921 Msp171 Pamll
« G ith shotgun. . ; L = —
SOomes W SAoTEun... * DA Salmonella strain summary... 4 TTAA Il CITTAAG 36774 |IKN Bfil BspTl Bst98I BstAFI BstPZ7401 Espdl MspCl Vhad64]
* Archaea summary e Gold Standard
] SO SIAncat. . 4 CRYG  |AfllT AKRYGT 26954  |MNS
* DBacteria sutnmary * DProphages... - - .
« Dt components... 4 CCGG  |Agel AlCCGGT 30536 INR AsiAl AsiGl BshTI CsiAl CspAl PinAl
. e Twvpe | recogmition sequences... + TGCA Apall GITGCAC - CEN Alwd4] Snol Vnel
Sequence Collections: o TypelS subunit TRD sequences... 4 AATT  |Apol RIAATTY - N Acs] Cfal Fsil Xapl
- . * Gold Standards Type I S subunit TRD sequences... 4 CGCG Ascl [ele] [elclelclnlel 50498 N PalAT Sgsl
* Download DNA Protein sequences... e Tused ; = =
e Collect customized FastA files. .. Cusre—afn;}% 2 AT Asisel  |GRATC - - -
«  Type Il specificities.. : ﬁ?ﬁ n GTAC  |Asp/18I |GIGTACC X MS Acc65] AhaBSI Sthl
o Sequenced Type IR genes.. . m 3 GNC Asul GlGNCC - - AspSOT Avel Bac361 Bal228] BavATl BavBIl Beed 21 BmgT1201 BshKI BsiZ1
o Methyltransferases... SELEERR. Bspl18941 BspBII BspF41 Bsu341 Ceul Cfr13] MaeK 8111 NspIV Nsp71211
+ Methyltransf; ith prot *  Methylation Sensitivity... Pde12] PspPl Saud6l
Methyltransferases \\? rotein seqs... o Kinetics data._ L_SL% :
*  Methyltransferases with refs . . CG list == 2 CG Asull TTICGAA - C Acpl Aspl0HI BimI Bim191 Bpul4l BsiCI Bspl1191 BspL AIT BspT1041 BstBI
: 88?;1; ;equenced enzymes - Cleavase of RNA/DNA Hybrids. . (S:bLII Csp451 Csp68KII Fspll Lspl Mlal NspV Plall PpaAl Sful Sspll SspREI
[ o Methyltransferase protein sequence lengths. . oL -
* PlDtable. . e _y 4 YCGR  |Aval clYCGRG 33676 |INQX Ama871 Aqul Beol BmeT1101 Bsel51 BsiHKCI BsoBl BspLU4I BstSI Eco881
* RM gene coordinates in sequenced genomes * Restriction Bnzvme Molecular Reichts TkI N
G_I:Wq—u—“ e Methyltransferase Molecular Weights. .. Eco2Tk] Neplll NspSAI Ofol PlaAl PunAl
) W e Molecular Weishts (all enzymes)._ 3 GWC  |Avall  |GIGWCC 26127 |INX AfIT Asp7451 BamNII BeuAl Bmel81 Bme2 161 Bmpl BsrAl BthAI Caul
. Uw_r;m = SJSS ;fffﬁnﬂf - s+ Enzyme sub types Csp68KI DsalV EagMI Eco471 Erpl Fdil FspMSI Fssl HgiBI HgiCll HgiEl
: G}n(j 10 R ff"“ EIErence e Orphan methyltransferases. . HeiHIII HeiJl Kzo491 MspNT Sinl SmuFEl VpaK11BI
1L foss nelerence... o Methyltransferase list. 4 CTAG  |Awill CICTAGG - N AspA2] AviBII Binl BspA2l Xmall
* Jumbo Cross Reference.. o Methyltransferase list (with subtypes)_. 4 GATC  |BamHI |GGATCC 24569  |BCUKMNOQRSVXY|AccERI ALl ApaCl Asil Bee7511 Bnal Bsp98I Bspd009]1 BspAATI Bstl Cell
* Tetranucleotide palindrome methylases. . Gatl Miu231 Nep213211 NepSATV OkrAT PISI RspLKII Soll Susl Uba40091
* Enzymes with alternative name ’ 4 NNNN  |Bbul GCAGC (8/12) 61734 N AlwXI BseKI BseXI Bsp4231 Bst121 Bst711 BstV1I GeolCT Lspl10ST
* Growth Temperatures... 4 NNNN  |Bbvll GAAGAC (2/6) |- - Bbr7I BbsI Bbv161l Bpil BpuAl Bsc911 BspBS311 BsplS41 BspTS3141
* Organism T}:pgs : BstBS321 BstTS5I BstV2I
Journal abbreviations. . 3 CCTCAGC (5-2) [32615 X Abel




REBASE — priklad zaznamu

REBASE”

d home page...

EcoRI

Type I1 restriction enzyme

subtype: P
Recognition Sequence:
GrAATTC
5. GI' AATT C.3%
y.Cc T T.—i.—i'G..i'

REBASE Enz Num 993 entered Jan 1 1972 . modified Jul 3 2014

Acronym: EcoR
Prototype: EcoRI
Org #: 1394

Organism: Escherichia coli BY13

Organism tyvpe: plasmid

Status of methylation sensitivity testing

Organism source: BN, Yoshimori # sites on - B
Growth Temperature: 37 © Adengl: 3 Site freq - mf T

. . : : Leombda: 5 DNA BNA hybrids...
Experimental Evidence: biochemistry . -

o .. pBRIZI] ENA duplexes..
Exhibits star activity PRi¥I74-0 Single stranded DNA
ingle- -age: v SV40- 1 Stogle suanded DNA..

Single-stranded cleavage: v Combined seport .

Enzyme gene cloned
Enzyme gene sequenced
Crystal data present
Kinetics data present
Molecular Weight: 31057

Different enzyme:

Go

Felated Enzymes:
M EcoRI
Eelated Eeferences
sorted by date  in new window

sorted by authors i new window

Commercially Available. .
NEB EcoRI-HF

Similar enzymes. .

Sequence Data:
EcoRI

Crystal Data. .. (5 stroctures)
Einetic Data. .. (5 records)
Methylation Sensitivity...




New England Biolabs — Restrikéni enzymy

* Dodavatel rady RE

e UziteCné nastroje na webovych strankach

EW ENGLAND

. drive DISCOVERY
IO Smc. stay GENUINE Applications & Products Tools & Resources Support About

be INSPIRED

Home = Tools & Resources = Selection Charts = Alphabetized List of Recognition Specificities
Alphabetized List of Recognition Speciticities

All restriction endonuclease recognition specificities available from New England Biolabs are listed below. For enzymes that recognize
non-palindromic sequences, the complementary sequence of each strand is listed. For example, CCTC(7/6) and (6/7)GAGG both
represent an Mnll (NEB #R0163) site.

All recognition sequences are written 5™ to 3" using the single letter code nomenclature with the point of cleavage indicated by a "/"
Numbers in parentheses indicate point of cleaveage for non-palindromic enzymes.

For example, GGTCTC(1/5) indicates cleavage at.
5 __.GGTCTCN/..3"
3" . .CCAGAGNNNNN/...5"

Recognition Sequence J
AAICGTT

AAGCTT

AAT/ATT

IAATT

ACATGT

AICCGGT

ACCTGC(4/8)

AICCWGGT

T —

\ NEW ENGLAND be INSPIRED
; . drive DISCOVERY
1/0) ISie o CENUINE

Applications & Products

Home > Tools & Resources = Interactive Tools
Interactive Tools

NEB Tools

- Competitor Cross-Reference Tools
"w Use this tool to select another company's product and find out which NEB product is
L' compatible. Choose either the competitor's product name or catalog number from
the available selections, and this tool will identify the recommended NEB praduct

Double Digest Finder

Q Use this tool to guide your reaction buffer selection when setting up double-digests,

a common timesaving procedure. Choosing the right buffers will help you to avoid
star activity and loss of product

Exo Selector

Use this tool to simplify the process of selecting the appropriate exonucleases for
use in your nucleic acid digestion workflows. The tool guides you to product
recommendations based on your answers to a few simple questions.

Use this tool to assist with in silico DNA construct design for Golden Gate DNA

assembly. It enables the accurate design of primers with appropriate type 11S
restriction sites and overlaps, quick import of sequences in many formats and export
of the final assembly, primers and settings

A
= NEB Golden Gate Assembly Tool

Tools & Resources

Support

i B E

Bearch NEB Q
About

DNA Sequences and Maps Tool
Use this tool to find the nucleotide sequence files for commonly used molecular
biology tools, including plasmid, viral and bacteriophage vectors.

Enzyme Finder

Use this tool to select restriction enzymes by name, sequence, overhang or type
Enter your sequence using single letter code nomenclature, and Enzyme Finder will
identify the right enzyme for the job.

Glycan Analyzer
Use this tool to interpret Ultra or High Pressure liquid chromatography
(UPLC/HPLC) N-glycan profiles following exoglycosidase digestions.

NEBaseChanger

NEBaseChanger can be used to design primers specific to the mutagenesis
experiment you are performing using the Q5 Site-Directed Mutagenesis Kit. This tool
will also calculate a recommended custom annealing temperature based on the
sequence of the primers by taking into account any mismatches



New England Biolabs — NEBcutter

* Tvorba restrikcnich map
* Detailni analyza restrikcnich mist

NEBcutter’

version 3.0.15

WELCOME GUEST, SIGN |

Enter a DNA sequence, or select from other options, to identify cut sites. Once you submit a sequence, you may

Open Recent Project choose to customize your digest.

Projects will be automatically
deleted 7 day(s) after they were
last accessed.

1. Input or choose sequence. @

| Text File

Type or paste sequence

GenBank Plasmid Vector Viral & Phage

__ Disable cookies (2]

2. Set preferences. @

__ Cireular Additional Preferences (enzymes, oligos, etc)

3. Name project (optional). @

Enter project name
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Primery



Replikace DNA

* Aby se mohla bunka délit, je nutné vytvorit kopii jeji DNA

* Podobné je nutné zkopirovat i DNA pripadnych organel
(mitochondrie, plastidy)

* Cely proces je komplexni, vyzaduje prisun
stavebniho materialu, energie a podili se
na ném rada enzymu

https.//www.healthcanal.com/



Replikace DNA

* DNA je dvouvlaknova — je nutno ji ,,rozplést”

* Na zakladé parovani bazi je ke kazdému vlaknu doplnéno vlakno
komplementarni

* Syntéza nového vldkna probiha VZDY ve sméru 5’—3’. To znamena3, Ze:
» Jedno vlakno je syntetizovano nepretrzité

* Druhé vlakno je syntetizovano ,v protisméru® po kratkych usecich
(tzv. Okazakiho fragmenty)

e Syntéza kazdého useku DNA zacina kratkym oligonukleotidem zvanym
PRIMER



Replikace DNA — Schéma

_ Smeér prodluzovani viakna
/ —

Smeér replikace / 3

Pocatek
replikac
(ori)

Smér prodluzovani vlakna

TTT1 TITITT | TT ¥

PlOvodni viakno DNA Nové vlidakno DNA Nukleotid Primer

Chromozom/Plazmid



* Na procesu se podili
rada proteinu:
* DNA polymerasa
* Primasa
* Ligasa
* Topoisomerasa
e ,Svorky”
* Replikacni faktory

Replikace DNA

DNA replication

v Pre-replicative complex formation and transition to replication ]

5!

Overall direction
of replication

[ Purine Metabolism ] :@
[

"Winged helix" DNA-binding domain

Genes coding for enzymes/proteins
invalved in DA replication

rﬂndel far translesiuj

Pyrimidine Metabnlism]

g?: 3.6.412 | Helicase

DMA synthesis % DNA primase

T R P @-’” Replication factor-C
containing protein ‘ '.42.2}ﬁ Sliding clamp

20 DNA polymerase (Pola) :}\

&”‘ DNA polymerase (Pols) '
X A " RNA primer
5_&'73? DNA ligase %O

31.264

Lagging strand with
Okazakifragments 31 Replication termination fact

http://mpmp

Ribonuclease HI/HII /2;1

Topoisomerase | [5.33.1.2] 29
; 1Y
Topoisomerase || [E8943] 45
i

Topoisomerase Il 33?

I
Topoisomerase IV [6.991.3 %ﬁ

A model for UbpX function in the
regulation of PCNA deubiquitylation

Single-stranded binding proteins ﬂ,g-ﬁp
‘f/ Proliferating cell nuclear antigen ﬂ?"“
DNA polymerase (Pole) i.-isﬂ

Sliding clamp Iﬁﬁ

[Elase excision repair]
of AP sites

[ Mucleotide excision repair]

Double strand break repair and
homologous recombination

or o’ Leadingstrand

.huji.ac.il/maps/dnareplication.html|



Polymerazova retézova reakce (PCR)

* Replikace DNA in vitro (ve zkumavce)

* VVyuzivd DNA polymerasu z termofilnich organismu — je stabilni a

aktivni pri vysoké teplotée

* Je zalozena na vicenasobném opakovani cyklu:
e Rozvolnéni DNA (denaturing)
* Nasednuti primeru (annealing)

* Syntéza komplementarniho vlakna (extending)



Polymerazova retézova reakce

J11 11111

Vstupni (templatova) DNA

Tepelna

denaturacelllllllllll

Nasednuti

primeru
95 C M (anneallng)
45-60°C

L1111 1111
J_I_L
MTTrTTTTrTTT IIEEEEEEEEN

Syntéza DNA
(extending)



Polymerazova retézova reakce

* PoCet molekul DNA vzrusta (teoreticky) s druhou mocninou

* Po prvnim cyklu — 2 molekuly

* Po druhém cyklu — 4 molekuly

Po tretim cyklu — 8 molekul

Po 25. cyklu — 33,5 mil. molekul

Po n-tém cyklu — 2" molekul

AN target NNNNININNAN

PATATA, ~ © - ~ A A o VAR ok
NN ¥ cycle AAVAAAYAAVAVAL > 40 cycles
AANAAANNNLT VNV 240

template DNA AVAVAVAVAVAAVAVA =
i RAVA A 1 bilion copies
ARRARRAAR 3 cycle

ANNAADNNAN
AAANAAANNNLT VYV IWNIAAN
M/W\N\M\/V\/V\NV\/\/\

ARRARPRARA 2 cycle

AVAVA 2" 4" A AVAVAN

ARRPPRPANNR

\\/\/W\NW\/ g e
/vvvva\N\S"‘ cycle

AN AV

ANNALNNANT
NVVVVVVV\\VVVV\MW\
o i - AVAVAVAL A 2 AVAVAN

4 copies 8 copies 16 copies 32 copies

Rodriguez-Lazaro D. 2013



Komponenty PCR

 Templatova DNA
* Termostabilni DNA polymerasa
* Primery — kratké DNA nebo RNA oligonukleotidy

* Deoxynukleotidtrifosfaty (dNTP) — stavebni material a zaroven zdroj energie

* Mg?* ionty — kofaktory pro enzymy 2 9§ o0 K. (i
N ALoho oy

* Vhodné prostredi — pH, iontova sila > o
ﬁ ﬁ ﬁ T o o o 3&‘[ﬁ\NH
RN NI S ey LA



Tvorba primeru v organismu

* Organismy pouzivaji RNA primery

 Syntetizovany DNA-dependentni-RNA-polymerasou (primasou)

* Pozice primeru (a tedy jejich sekvence) neni striktné dana

* Behem replikace jsou nasledné
odbourany a nahrazeny DNA

Lidska primasa (PDB ID 4RR2)



Umeéla syntéza primeru
* Syntetické primery je mozno vytvorit jako RNA i DNA primery
* DNA primery jsou stabilnéjsi a pouzivaji se casteji

* Syntetické primery lze pouzit k:
* Replikaci DNA in vitro
* Vlozeni mutace do DNA — substituce, delece, inzerce
* Vlozeni nestandardni baze — napr. znacené (fluorescencné, izotopove)



Design primeru

» Syntetické primery maji definovanou sekvenci
* Konkrétni sekvence primeru je zavisla na ucelu pouziti

* Nejjednodussi aplikace — tvorba kopii zadaného useku DNA
* Primery jsou zcela komplementarni k za¢atku a konci sekvence
* Tzn. primery maji stejnou sekvenci jako vlakno v orientaci 5'—3’

* Pro specialni aplikace se muze sekvence primeru a DNA IisSit !



Parametry primeru

* U kazdého primeru (resp. kazdého oligonukleotidu) Ize definovat
nékolik parametru

* Parametry jsou dané zejména sekvenci primeru (a ¢astetné podminkami
prostredi)

* Patri sem:
* Délka primeru (pocet bazi/nukleotid)
e Obsah guaninu a cytosinu (G+C) v sekvenci primeru
* Teplota ,tani“ (T.)
* Tendence k tvorbé sekundarnich struktur
» Specifita nasednuti



Délka primeru

* Délka primeru ma vliv na ostatni parametry (T, specifita)
e Bézné primery maiji délku 17-28 bp (base pairs = paru bazi)
e Kratké primery maji nizsi specifitu (viz dale), jsou ,,univerzalné;si”

* Dlouhé primery (az 40+ bp) se pouzivaji zejména pro cilené
modifikace DNA



Obsah G+C bazi v primeru

e Typické primery jsou tvoreny ctyrmi zakladnimi bazemi
(A, C, G, T pro DNA, prip. A, C, G, U pro RNA)

* Vzhledem k tomu, ze pri kanonickém parovani se guanin vzdy paruje s
cytosinem, obsah G+C v primeru (jednom vldknu DNA) odpovida i obsahu
G+C ve dvouvlaknové DNA

* Logicky pak plati, ze
(obsah G+C [%]) = 100 — (obsah A+T [%])

* Vyssi obsah G+C znamena vyssi stabilitu pri parovani bazi



Teplota tani primeru

» Kazdy oligonukleotid (tedy i primer) je schopen
se parovat se svym komplementarnim vlaknem
(tvori tzv. duplex) ‘

 Stabilita duplexu je zavisla na délce primeru, v

. v . 7 V4 : 50% GC

sekvenci (obsahu G+C), teploté a iontové sile B A SR =
prostredi

Fraction ssDMNA

* Stabilita klesa s rostouci teplotou — duplex se

V4 V4 ET
snaze rozpada

Tm

100

* Teplota tani primeru (T,,) je teplota, pfi niZ je Tempereiure *¢
N v . . p, Upraveno z www.khanacademy.org
prave polovina molekul primeru volna a
polovina vazana v duplexu



Teplota tani primeru

* T lze stanovit experimentalne, Castéji je vsak odhadovana vypoctem

* Pro urCeni T, se pouZivaji ruzné vzorce. Napf.

AHO
[°C] = — 273,15
AS® + R x In ¢,

T

m

kde AHO je entalpie tani, AS? je entropie tani, R je molarni plynova konstanta, ¢, je koncentrace primeru

Vypocet muUze zahrnovat také efekt iontové sily roztoku. Napfr.

1
-+ [ (429 £, — 3.95) - In(m) + 0.94- (In(m))’| - 10~

m

T,, (corrected) =

kde T, je teplota tani dle pfedchoziho vztahu, f,. je zastoupeni G+C bazi, m je koncentrace monovalentnich iontd



Teplota tani primeru

* V ramci PCR je nutné aby primery opakované nasedaly na
templatovou DNA

* Typicka T_ pouzivanych primeru se pohybuje v rozmezi 50 — 65°C

e Zaroven je potreba, aby se oba pouzité primery chovaly podobné —
funguji zaroven v jedné reakcni smesi

* Rozdil T, obou primerti by mél byt idealné mensi nez 2°C



Sekundarni struktury primeru

* Jako kazda nukleova kyselina, i primery mohou tvorit sekundarni
struktury

 V pripadé primerud jsme schopni rozlisit:
* Vlasenky

* Dimery
* Pro ucely PCR je tvorba sekundarnich struktur u primeru nezadouci

* Pri analyze sekundarnich struktur nas obvykle zajima ta nejstabilnéjsi



Sekundarni struktury — dimerizace

* Pokud se v ramci primeru nachazi vzajemné komplementarni
sekvence (v podstaté obsahuji palindrom), mohou molekuly tvorit
tzv. homodimer

5" CCGATCAAATCACAGGT 3 5 CCGATTAAATCTCCCAT 3

, i
3 TGGACACTAAACTAGCC 5 3 TACI;CI;CI;-ITCTAAATTZLCIKI;(I; 5’

e Stabilita dimeru je dana teplotou tani komplementarniho useku
* VV extrémnim pripadé muze dimer tvofrit cely primer

» Useky kratdi nez 4 nukleotidy jsou malo stabilni



Sekundarni struktury — dimerizace

* Pri PCR pouzivame typicky dvojici primeru. Pokud jsou navzajem
komplementarni ¢asti v jednom a druhém z nich, mohou tvorit tzv.
heterodimer

Primer A Primer A
5 CCGATCAAATCACAGGT 3’ 5’ CCGATCAﬁTCI:ACAGGT 3’
1111
3’ TAGGCTCTAAATTAGCA 5’ 3’ TAGGCTCTAAATTAGCA 5’
Primer B Primer B

* Pro stabilitu heterodimeru plati totéz, co pro homodimer.

* Nékdy muze vznikat nékolik riznych dimeru



Sekundarni struktury — vlasenky

* Pokud se vzajemné komplementarni sekvence v ramci primeru
nachazi ve vhodné orientaci (neprekryvaji se), mohou molekuly tvorit
vlasenky

, , 5'CCGATTA
5 ccearTaaarcrccear 3 M) ol A
3 TAGGCT P

e Stabilita vlasenek je dana teplotou tani komplementarniho useku a
velikosti vlasenky

* Pfilis malé (< 3 nt) a prilis velké vlasenky nejsou pfilis stabilni



Sekundarni struktury

* Tvorba sekundarnich struktur DNA je vratna — systém se nachazi
v rovnhovaze, zastoupeni sekundarni struktury zavisi na podminkach

e Sekundarni struktury brani nasedani primeru na templatovou DNA

e Obzvlaste nevhodna je tvorba sekundarnich struktur na 3’ konci
primeru — blokuji prodluzovani primeru = syntéza DNA neprobiha

5’ 3’ OK ‘/ 5’ %3’ SITF 3’ STOP o

JI1 11111 11l di 111 L1l iIl1I1]



Specifita primeru
 Primer vétsinou cilime na konkrétni misto na DNA

 Templatova DNA je véetSinou vyrazneé delsi nez cilova sekvence

» Sekvence je volena tak, aby moznost nasednuti na jiné nez pozadované
misto byla co nejmensi
* Prodlouzeni primeru zvysuje specifitu
* Posun cilové sekvence primeru vpred/vzad, je-li to mozné
* Snaha nezarazovat na 3 konec G+C bohatou sekvenci

* Pokud je znama sekvence vstupni DNA (plazmid, genom), je vhodné
otestovat mozna mista ,faleSného nasedani primeru” (false priming sites)



Specifita primeru — false priming sites

* Nasednuti na nezadouci mista snizuje mnozstvi primeru pro
pozadovanou reakci

* \ pripadé nezadouciho nasednuti dvou primeru v blizké oblasti muze
dojit k tvorbé nezadoucich produktt

Mozny nezadouci produkt PCR

I 1

— — / Cilova mista
\ / _— — :A:'/:‘_‘_}——_.

Mista chybného nasednuti Templatova DNA

Primery

Chtény produkt PCR



Design primeru — obecné parametry

Optimalni parametry pro namnozeni kopii pozadovaného useku DNA

* Délka primeru: 17 -28 bp

* Obsah G+C: 40 -60 %

* Teplota tani T, jednotlivych primerd: 50— 65°C

* Rozdil T, levého a praveho primeru: < 2°C

* Sekundarni struktury na 3’ konci: zadné

e Sekundarni struktury: zadné nebo nestabilni

* Mozna mista chybného nasedani: zadna



Design primeru — namnozeni useku

Potrebujeme-li namnozit konkrétni usek DNA (napf. gen):

» ZaCatek a konec sekvence je striktné dany — pozici primeru lze ménit
jen omezeneé

Mozny rozsah pozic levého primeru
Tre e —— e . Cl’lovy usek

... TTCCCCCGCGGATGCCTACCGCTCGGGGAACATCGACATCTCTGTGTTCTTCCAAGCTAGCGGCGTCTCCTTGCAGCAGTTGGTCCATCACGGTTGGATGAATGGATCTCCGGCAC. . .
. . .AAGGGGGCGCCTACGGATGGCGAGCCCCTTGTAGCTGTAGAGACACAAGAAGGTTCGATCGCCGCAGAGGAACGTCGTCAACCAGGTAGTGCCAACCTACTTACCTAGAGGCCGTG. ..

e Spatné nasednuti primer( neni Zadouci
ale nemusi byt kritické — pripadné nezadouci
produkty lze ¢asto odseparovat

/ Nezadouci produkty
T~ Zadany produkt

- -
—
-
il
-
--
- -




Design primeru — detekce genu

Je-li cilem urcit, zda je Ci neni pritomen gen (varianta genu):
* Primery mohou nasedat jak uvnitr genu tak vné — velka variabilita

Mozny rozsah pozic levého primeru
E ............... . : ............... . Detekovan{/ gen

.. .TTCCCCCGCGGATGCCTACCGCTCGGGGAACATCGACATCTCTGTGTTCTTCCAAGCTAGCGGCGTCTCCTTGCAGCAGTTGGTCCATCACGGTTGGATGAATGGATCTCCGGCAC. . .
.. .AAGGGGGCGCCTACGGATGGCGAGCCCCTTGTAGCTGTAGAGACACAAGAAGGTTCGATCGCCGCAGAGGAACGTCGTCAACCAGGTAGTGCCAACCTACTTACCTAGAGGCCGTG. . .

Mozny rozsah pozic pravého primeru

* Mozné nezadouci produkty jsou rizikovée — .
N . o ) ] . Zadany produkt ?
moznost falesné pozitivnich vysledku ~ WU ¥ Nezadouci produkt ?

- \ Zadany produkt



Moznosti modifikace primerul — aplikace

Velké mnozstvi riznych aplikaci. Napt.:
* Sekvenace DNA — pouziti jediného primeru
* Mutageneze — pouziti primeru se zménénou sekvenci

* Modifikace mnozené DNA — primery z nekolika casti z nichz jedna je
komplementarni k templatové DNA, zatimco zbytek ma jinou funkci

(napf. usnadnuje viozeni namnozeného genu do cilové molekuly DNA
nebo ukotveni na povrch)



0 Base

®-®-@—oc+:
Sekvenace nukleovych kyselin @

H
Dideoxynucleotide (ddNTP)

Sangerova sekvenace

Template N
e Zavedena 1977 (ggp;:i.
L - Lﬂﬁﬁ‘lﬁ 3
* PCR synteza retezce DNA “GTP -8 Cogllony gel
’ ’ v , Privner exrension e\eckvophores's
S ha hod nym Vlozenlm and clhoin Yermimnotion l
A4 V4 [ [ o a
znaenych dideoxynukleotida  ____* A
e Separace produktu pomoci AR
4 4 15 B o e e e e e e e 3
gelové elektroforézy 5 3
5 P TTTrTe 3
Sk B B o e e e e ) J
S B R B e e e e e R I
1] '\ |
S B B B B B B e e e e 4 |{ Hll Cwrowmnotogronm
| |
5 e ——— 3
Sy 000 T T 3 GGTCATAGC & Segpence




Mutageneze pomoci PCR

Dvojice primeru s vlozenou mutaci + plazmid nesouci cilovou sekvenci

Primer

Plvodni ‘
uvod S mutaci

sekvence

# HeterOdUplex Denaturace
Denaturace Replikace Repllkace
x
‘
atd.
atd




Modifikace DNA — schéma klonovani

Primery obsahuji kromeé S‘?AF, primer
komplementarni sekvence jesté o : ey

sekvenci pro restrikéni enzym ﬁ_\x_ﬁ_,__“_ﬂ%t
Jeverse pnmer ~4
PCR Spacer

Vlozeni restrikcnich mist na okraj
genu pomoci PCR

Spacer RE1 Insert RE2  Spacer
Upraveny plazmid (vektor) se @ I R

stejnymi restrikénimi misty

Restriction
Stépeni produktu PCR a cilového

plazmidu pomoci restrikénich RE: RE2
endonukleas ‘ - -
Smichani nastépenych molekul C Vestor e s
DNA S —

Ligaticn

Spojeni (ligace) plazmidu a genu
Ligated vector with insert

www.thermofisher.com



SW nastroje pro design primeru

* Navrzeni dobrych primeru je naro¢né — casto se pouzivaji
bioinformatické nastroje

* Placené — vétSinou soucasti komplexnich programu
* Omezené dostupné (registrace)

* \VoIné dostupné — pomeérné velké mnozstvi, ruzné aplikace



<& eurofins

Genomics

Oligo Analysis

https://www.eurofinsgenomics.eu/en/ecom/tools/oligo-analysis/

 Jednoducha analyza zakladnich parametru oligonukleotidu (primeru)

OLIGO ANALYSIS TOOL

I Specify name and sequence of the oligo you would like to analyse.

Oligo Information

Type: DNA v
Name: primer_left
Sequence: CCGATCAAATCACAGGTCA

Properties | OD Calc || Dilution Calc

Length: 19 mer

5765.79 [g/mol]

Self-Dimer Check

PCR Check

I Calculate the physical properties like GC content, Tm and extinction coefficient of your cligo

sequence as well as reverse and complement sequences.

Analyse

Calculate

r Result
Sequence (5'-= 3'):
Reverse complement (5'-= 3"):
Reverse sequence (5' -> 3'):
Complement sequence (5" -= 3)
Base composition:
GC content [%]:
Melting temperature [°C]:

Extinction coefficient

CCG ATC AAA TCA CAG GTC A
TGA GCT GTG ATT TGA TGG @
ACT GGA CAC TAA ACTAGC C
GGC TAG TTT AGFGTC CAG T
Ax7 Cx6 Gx3 Tx3, U

47.4 %

545°C

213,500.00 L x mol™" x cm™

Velikost

G+C obsah

Homodimer

OLIGO ANALYSIS TOOL

I Specify name and sequence of the oligo you would like to analyse.

Oligo Information

Type: DMNA v
Name: primer_left
Sequence: CCGATCAAATCACAGGTCA

Length: 19 mer MW: 5765.79 [g/mol]

Properties | OD Calc || Dilution Calc | Self-Dimer Check | PCR Check

Check If a self-dimer can be formed using this pnmer sequence in your PCR. Self-dimers are
formed by intermolecular interactions between same sense primers, where the primer is
homologous to itself.

Analyse

Check Self-Dimer

5" CCGATCRRATCRCAGGTCR

™erl s -

3" ACTGGRCACTRARACTAGCC

Order as
[ T Y



Primer 3

http://bioinfo.ut.ee/primer3/

* Velké mnozstvi nastavitelnych parametrt pro navrh primeru

. disclaimer code
Pl’lIIleI“3W6b version 4.1.0 - Pick primers from a DNA sequence. ” ” ” "

General Primer Picking Conditon:

Select the Task for primer selection | generic

Liph

Template masking before primer design (available species)

Select species [Example: Mus musculus

Primer failure rate cutoff =01

Nucleotides to mask in 5' direction |1

Nucleotides to mask in 3' direction |0

Paste source sequence below (5'-=3', string of ACGTNacgtn -- other letters treated as N -- numbers and blanks ignored). FASTA format ok. Please N-out undesirable sequence (ve[x

Mispriming Library_(repeat library) | NONE

7

¥ Pick left primer, or use left primer below

Pick hybridization probe (internal oligo), or use oligo below|| ¥ Pick right primer, or use right primer below (5' to 3' on opposite

Pick Primers || Download Settings
Sequence Id
Targets
Overlap Junction List

Excluded Regions
Pair OK Regjon List

Included Region

Reset Form

A string to identify vour output.

E.g. 50.2 requires primers to surround the 2 bases at positions 50 and 51. Or mark the source sequence with [ and ]: e.g. ... ATCT | ooy 0%t Fuscon Peaslty Weighes for Iaterus] Oligo: (irb Oligos)
flank the central CCCC. ;

E.g. 27 requires one primer to overlap the junction between positions 27 and 28. Or mark the source sequence with -: e.g. ... ATCTAC-TGTCAT.. mm
overlap the junction between the C and T.

E.g. 401,7 68,3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68. Or mark the source sequence with < and =: e.g. .. A’
forbids primers in the central CCCC.

See manual for help.

E.g. 20,400: only pick primers in the 400 base region starting at position 20. Or use { and } in the source sequence to mark the beginning and end of th

e.g. mATC{TTC...TCT}AT the included region is TTC... TCT.

BWF



Primer 3

Primer3 Output
e Automaticky navrh primeru

Template masking not selected
No mispriming library specified
Using 1-based sequence positions

OLIGO start _len tm gck% _any_th _3'_th hairpin seqg
LEFT PRIMER 1 23 58.44 43.48 0.00 9.00 0.00 atgtctgatgtggatatcgaagc
RIGHT PRIMER 212 20 58.81 55.00 B6.00 9.00 B8.060 tagttgecttccgtagaccec

° 4 4 H SEQUENCE SIZE: 573
O0ZNOSt Zzadat viastinl primer a INCLUDED REGION SIZE: 573
PRODUCT SIZE: 212, PAIR ANY_TH COMPL: ©.80, PAIR 3' TH COMPL: ©.80

dohledat k nému druhy 1

atgtctgatgtggatatcgaagcacaagatgctggoccaaactctggttcaggtcatcage
DEREBIIIBIDRBIIBBIININD

61 attccgagcggcgagacgtgggttogcaatccaactgeccatctcaatategttacttegat

121 ttcgtattcgagaatgtcagcccaaccagttcgggctecgtgttggtggcacagatgget

V4 V4
* Jednoduchy vyst
u V u 181 ccgcagtccggeggegetctacggaagraactactcocggcteggegctgegegaatgatctt

<4<

241 gpcggcgpgcggattttacggatactcggaggccaaatggatgtgtctctggeccggcaaac
381 cptagcggccccagecagcaagaccggectetacggaacctgeaagetcatgaaccteaac
361 cagagcagtgcagttccctctgtgacttccaaccttttcgeccccaaccgegtacaagaat
421 gaacccggctatgccaacgttgggggatgctgtcaaaagatccgtgggttggratcaage
481 atccagttcgectttecgectcttgecggeggaaatgtccctcaaaatacggacacatttaac

541 gptpggcaccatcaaggtctacggectggaactga



Primer-BLAST

 Jedn Od uc h é roz h ran 1 https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi

* Lze vyuzit pro navrh primeru (vyuziva postupy Primeru 3), ale tézZ pro
kontrolu Spatného nasedani vlastnich primeru

U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI

Primer-BLAST A tool for finding specific primers

Finding primers specific to your PCR template (using Primer3 and BLAST).

Reset page Save search parameters Retrieve recent results Publication  Tips for finding_specific primers

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) & Clear Range
v , From To
VlozZeni sekvence Forward primer O Ceu
7 Reverse primer i
Or, upload FASTA file Vybrat soubor | Soubor nevybran

Primer Parameters

Use my own forward primer
(5'-=3" on plus strand)

Use my own reverse primer o Clear
(5'-=3" on minus strand)

-
]
@
]
=

Min Max
PCR product size 70 1000
# of primers to return 10

Min Opt Max Max Tm difference
Primer melting temperatures 57.0 60.0 63.0 3 7]

(Tm)



Primer-BLAST: Specifita primeru

Exon/intron selection A refseq mRNA sequence as PCR template input is required for options in the section &

Exon junction span No preference v @

Exon junction match Exon at5'side Exon at 3' side
7 4

7 v 4 - - - -
Vybe r d ata ba ze Minimal number of bases that must anneal to exons at the 5' or 3' side of the junction &
Intron inclusion Primer pair must be separated by at least one intron on the corresponding genomic DNA &)
pro kontrolu )
Intron length range Min Max
v 14
falesného 1000 1000000 | @&
é 7
nasedani : = .
Primer Pair Specificity Checking Parameters

Specificity check | Enable search for primer pairs specific to the intended PCR template &)

Search mode Automatic r e

Database Refseq mRNA MR

Exclude predicted Refseq transcripts (accession with XM, XR prefix) ' Exclude uncultured/environmental sample sequences &

Organism Homo sapiens
TR, T OIS TS 10T GO AT QTouD Nae SUth as ceropaeeaceae, roaents), taxonomy id or select from the suggestion list as you type. &
Add more organisms

Entrez query (opticnal) %)

o Primer specificity stringency  primer must have at least | 2 v | total mismatches to unintended targets, including
pecitikace
. at least| 2 v | mismatches within the last |5 v |bps at the 3'end. &
Orga nismu Ignore targets that have | 6 ¥ | or more mismatches to the primer. &
Max target size 4000 o
Allow splice variants Allow primer to amplify mRNA splice variants (requires refseq mRNA sequence as PCR template input) &
( Get Primers Show results in a new window ¥ Use new graphic view &

p Advanced parameters




Primer-BLAST: Specifita primeru

Primer-BLAST » JoB ID:WICFVGzxYVIGZ2RiaQJAUBMZUWI-Ckp_Pw

Primer-BLAST Results &

Input PCR template none
Specificity of primers Target templates were found in selected database: Refseq mRNA (Organism limited to Homo sapiens)
Other reports P Search Summary,

©Detailed primer reports

Primer pair 1 Zakladni charakterizace navrZenych (nebo vioZzenych) primert

Sequence (5->3’) Length Tm GC% Self complementarity Self 3' complementarity
Forward primer CCGATCAAATCACAGGT 17 5105 A7 06 400 200
Reverse primer CCGATTAAATCTCGGAT 17 AT 72 4118 7.00 400

Products on target templates
=XM_024446112 1 PREDICTED: Homo sapiens phosphodiesterase 4D (PDE4D), transcript variant X7, mRNA

roduct length = 2186
Forward primer 1 CCGATCAAATCACAGGT 17
292 G.A.GT 308

< Template
Forward primer 1 CCGATCAAATCACAGGT 17
W 2397 GAALGerrenennnnn. 2381

=XM_024446110 1 PREDICTED: Homo sapiens phosphodiesterase 4D (PDE4D), transcript variant X4, mRNA

Program detekuje i nedokonalé nasednuti

product length = 2186
Forward primer 1 CCGATCAAATCACAGGT 17
Template 292 G.AGT........... 308

Forward primer 1 CCGATCAAATCACAGGT 17
Template 2397 GAA.G............ 2381




SW nastroje — plusy a minusy

* Vyhody:
e Usnadnéni navrhu primerd
» Casto minimalni naroky na znalost uZivatele
* U nékterych propojeni s komercni firmou — moznost objednat syntézu

* Nevyhody:
* Pro nékteré cile automaticky design selhava
* Pouziti bez znalosti parametru muize vést k chybam



Zaverem

e Hledani restrikénich mist i design primeru je mozny manudlné, ale
SW nastroje praci vyznamne usnadnuji

 Vyuziti téchto postupu je velmi Siroké a nové aplikace se objevuji
kazdy rok

* Pochopeni principu téchto technik
je vysoce zadouci pro kazdého pracovnika
v oblasti biochemie a molekularni biologie




