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Manipulace se sekvencnimi daty



Sylabus vyuky pfedmétu Bi5000 Bioinformatika
a Bi5000c Bioinformatika - cvi¢eni v semestru podzim 2024

Prednasky: utery 11:00-12:50 prezencné v ucebné B11-306
Kontakt: prof. Mgr. Jifi Damborsky, Dr. (1441 @mail muni.cz)
prof. RNDr. Roman Pantifek, Ph.D. (pantucek@sci.muni.cz)
Cviteni: stfeda 10:00-17:00 prezenéné v ufebné B09-316, dle seminarnich skupin
Kontakt: Ing. Milog Musil (imusilm@fitvutbr.cz)
prof. RNDr. Roman Pantléek, Ph.D.
Datum . Piedmét Lekce
17.09.2024 Vyuka se nekona z divodu povodni
18.08.2024
24.09.2024 2 BiS000 Manipulace se sekventnimi daty
25.09.2024 BiS000c Cviceni - textove vyhledavani v databazich
01.10.2024 1 BiS00D0 Bioinformatika — zakladni definice, molekuldrné biologickeé databdze
02.10.2024 BiS000c Cviceni — formaty sekvenci, manipulace se sekvenénimi daty
08.10.2024 3 BiS000 Posuzovani podobnosti sekvenci nukleowych kyselin a proteind
09.10.2024 BiS000c Cviceni — parove priloZeni sekvenci, BLAST
15.10.2024 4 BiS00DO0 Mnohonasobné pFiloZeni sekvenci a fylogeneze
16.10.2024 BiS000cC Cviéeni - mnohonasobné pfiloZeni a fylogeneze
22.10.2024 5 BiS000 Genomoveé projekty, sekvenovani nove generace
23.10.2024 BiS000c Cviteni —navrh oligonukleotidd pro PCR, sekvenovani, klonovani a mutagenezi
29.10.2024 & BiS000 Potitatové vyhledavani genl a srovnavaci genomika
30.10.2024 BiS000c Cviteni —hledani prokaryotickych gend, prace s programy pro srovnavaci genomiku
05.11.2024 7 BiS000 Analyza sekvenci proteind
06.11.2024 BiS000c Cviteni —analyza sekvenci proteind
12112024 8 BiS000 Strukturni databdaze
13.11.2024 BiS000c Cviéeni — zakladni strukturni analyzy, vizualizace proteinowvych struktur v PyMOL
19.11.2024 9 BiS000 Predikce struktury proteind
20.11.2024 BiS000c Cviceni — predikce struktury proteind
26.11.2024 10 BiS000 Pfiprava anctované sekvence DNA pro zaslani do databaze
27.11.2024 BiS000c Cvigeni —NGS data a lokalni anotace dat
03.12.2024 BiS000D 1. Predtermin
04.12.2024 BiS000C Zapottovy test na PC (odpovédnik v 15u)
10.12 2024 BiS000 2_Predtermin, dalsi terminy v lednu
11.12 2024 BiS000C Opravny zapoftovy test na PC (odpovédnik v 15u)




Bioinformatika je disciplina na rozhrani
pocitacovych ved, informacnich
technologii, matematiky a biologie

« Termin bioinformatika se objevil poprvé v roce 1991

« Predstavuje spojeni technologii z oblasti

molekularni biologie
informacnich technologii

« Bioinformatika zahrnuje

studium a analyzu

praktické uchovavani
vyhledavani a zobrazovani
modelovani biologickych dat

» VypocCetni nastroje umoznujicich analyzu dat a stanoveni jejich vzajemnych
vztahu
» Dramaticky narust mnozstvi dat a tim souasné zvysSujici se obtiznost jejich

zkoumani a hodnoceni ve vztahu k biologickym otazkam



Zakladni zdroje a aplikace bioinformatiky

Vypocetni zaklady Zdroje dat Aplikace bioinformatiky
Algoritmy Ziskavani dat
Grafika, vizualizace Obecné Nastroje pro ptistup k databazim
Zpracovani signalu dostupne Mapovani a srovnavani genomi
Architektura hardwaru databaze Sekvenéni pfilozeni, assembly
Informacni teorie Identifikace gent
Sprava databazi Funk¢ni identifikace proteint
Statistika Molekularni evoluce
Simulace Molekuldrni modelovani
Uméla inteligence o Predikce struktur
Zpracovani obrazu Zpracova’nl Srovnavani struktur
Robotika laboratornich Stanoveni makromolekularnich
dat struktur
Softwarové inZzenyrstvi Vyvoj léCiv na zaklad€ struktur
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Trend narustu mnozstvi dat v
bioinformatickych databazich
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Zdroj: https://www.ncbi.nlm.nih.gov/genbank/statistics/
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Typy jednoduchych
bioinformatickych manipulaci

Pristup k datum a databaze (lekce - uvod)
Zapis sekvenci, hledani podobnosti
Konverze dat a formatu

Sestaveni kompletnich sekvenci ze
sekvenacnich dat (lekce — anotace)
Vypocetni analyza sekvenci

Navrh oligonukleotidu



W N BNy

nukleovych kyselin a proteinu

V kazdem ze tri hlavnich bioinformatickych
center je spravovana genomova databaze
sekvenci nukleovych kyselin a odpovidajicich,

Z nich pfelozenych proteinu.

 EMBL Nucleotide Sequence Database / European
Nucleotide Archive (v ramci institutu EBI) — 1980
 GenBank (v ramci institutu NCBI) — 1982

 DDBJ (The DNA Data Bank of Japan) -

Tri samostatné baze vznikly v dus

1984
edku potreby

rychlé dostupnosti databaze sekvenci na

jednotlivych kontinentech v dobe,
nebyly rozvinuté vysokorychlostni
site.

kdy jeste
komunikacni



Mezinarodni spoluprace
sekvencnich databazi (velka trojka)

NIH
NCBI

https://www.ncbi.nlm.nih.gov/

EMBL
EBI

NIG
CIB

https://www.ddbj.nig.ac.jp/ "ttps://www.ebi.ac.uk/




Sdileni dat v zakladnich databazich

V kazdém z bioinformatickych center jsou dostupné jednoduché nastroje pro manipulaci s daty

GenBank: : nttp://www.ncbi.nim.nih.gov/
M@ National Center for Biotechnology Information (NCBI)

EM B L: http://www.ebi.ac.uk

EMBL European Bioinformatics Institute (EBI)
European Bioinformatics Institute

: | ‘;1’# Expert Protein Analysis System

DDBJ http://www.ddbj.nig.ac.jp/
National Institute of Genetics (NIG)

- Y - PDB: nttps://www.rcsb.org/
] :-
= J—J RCSB Protein Data Bank (RCSB PDB)



http://www.ncbi.nlm.nih.gov/
http://www.ebi.ac.uk/index.html
http://tw.expasy.org/
http://www.ddbj.nig.ac.jp/

Ziskani dat a manipulace se sekvencemi

DNA Protein
NCBI-GenBANK PIR
a ases DDBJ SWISSPROT
l EBI-EMBL EXPASY, PDB

* GCG
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Information J iz Formats

Sequnece, PDB, Image Converter



2. Zapis sekvence

Sekvence — zapis posloupnostsi
jednoznacnych znaku odpovidajicich
jednotlivym zbytkum (monomerum), které
se nachazeji v odpovidajici posloupnosti v
dane makromolekule

DNA nebo RNA od 5‘-konce k 3‘-konci
5’ CAAACGTCGTCTA 37

protein od N-konce k C-konci
(NH,-) MKRLSALGPGGLTRR (=COOH)

pouzivaji se jednopismenoveé kody dle
pravidel IUPAC



https://cs.wikipedia.org/wiki/Karboxylov%C3%A9_kyseliny
https://cs.wikipedia.org/wiki/Karboxylov%C3%A9_kyseliny

Standardni kody pro sekvence
nukleovych kyselin podile IUB/IUPAC

adenosin

cytidin

guanidin

thymidin

uridin

G/A (puRin)

T/C (pXrimidin)

G/T (nukleosid s Keto skupinou)

A/C (nukleosid s aMino
skupinou)

G/C (silna = Strong vazba)
A/T (slaba = Weak vazba)
G/T/C (not A)

G/A/T (not C)

A/C/T (not G)

G/C/A (not T)

A/G/CIT (jakykoli)

mezera (gap) neuréené délky

S X< CHO®O

Z < I O0OWS®”



Vyuziti zapisu s degenerovanymi
nukleotidy

TACGGT
TATAAT
TATAAT
GATACT
TATGAT
TATATT

Konsenzni sekvence: fF NIV aR

Degenerovana sekv.: xavRNT



Standardni kody pro sekvence
aminokyselin podle IUB/IUPAC

alanin

kys. asparagova nebo asparagin
cystein

kys. asparagova

kys. glutamova

fenylalanin

glycin

histidin

isoleucin

lysin

leucin

metionin

asparagin

prolin

glutamin

arginin

serin

treonin

selenocystein

valin

tryptofan

tyrosin

kys. glutamova nebo glutamin
jakakoli aminokyselina
translacni stop (terminacni kodon)
mezera (gap) neurcené délky

* X N<XS<CHWAHAPOPUITZ=2rX—-—IOMMmMOoOOT>>



Bezné formaty sekvenci

Prosty text

FASTA

FASTQ

Genbank

EMBL

GCG

PIR

ASN1

Vystupni data sekvenovani: ABI, AB1, SCF,
SFF, BAM, SAM, FASTF aj.






Muze obsahovat vice sekvenci

Zacina specifickym zahlavim ,>*, za kterym nasleduje definice
Priklad:

>U03518 Aspergillus awamori internal transcribed spacer 1 (ITS1)
AACCTGCGGAAGGATCATTACCGAGTGCGGGTCCTTTGGGCCCAACCTCCCATCCGTGTCTATTGTACCC
TGTTGCTTCGGCGGGCCCGCCGCTTGTCGGCCGCCGGGGGGGCGCCTCTGCCCCCCGGGCCCGTGLLCCGL
CGGAGACCCCAACACGAACACTGTCTGAAAG

>LinB protein
MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFOQHGNPTSSYLWRNIMPHCAGLGR
LIACDLIGMGDSDKLDPSGPERYAYAEHRDYLDALWEALDLGDRVVLVVHDWGSALG
FDWARRHRERVQGIAYMEAIAMPIEWADEFPEQDRDLEFQAFRSQAGEELVLODNVEVE
QVLPGLILRPLSEAEMAAYREPFLAAGEARRPTLSWPRQIPIAGTPADVVAIARDYA
GWLSESPIPKLFINAEPGALTTGRMRDFCRTWPNQTEITVAGAHFIQEDSPDEIGAA
IAAFVRRLRPA

Pouziti: univerzalni format pro zapis sekvence vhodny jako vstupni
data pro vétSinu software.



Zahlavi obsahuje automaticky generovany identifikator klastru ze sekvenovani.
Nasleduje primarni sekvence
a informaci o kvalit€ stanoveni sekvence

Priklad:

@HWUSI-EAS100R:6:73:941:1973#0/1
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

DUV ((((FF%4) ) $%%++) (3%3%) .1***—+%1 1)) *x*55CCE>>>>>>CCCCCCCHS

Pouziti: vystupni data pri sekvenovani nove generace

KLIC K IDENTIFIKATORUM KVALITY:

Nejnizsi kvalita nejvyssi kvalita

I"#$%&'()*+,-./0123456789:;<=>? @ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]* *abcdefghijkimnopgrstuvwxyz{[}~

Viz téz Phred Quality Score






Zalina fadkem s jedine¢nym identifikatorem (ID), nasleduje anotace™.
Obsahuje mnoho riznych deskriptorti
Sekvence zacind symboly SQ a sekvence je ukoncena ,,//*

Zpravidla obsahuje 1 anotované sekvence proteinil a odkazy do dalSich databazi

Priklad:

ID AA03518 standard; DNA; FUN; 237 BP.

XX

AC U03518;

XX

DE Aspergillus awamori internal transcribed spacer 1 (ITS1)

DE rRNA and 5.8S rRNA genes, partial sequence.

XX

SQ Sequence 237 BP; 41 A; 77 C; 67 G; 52 T; 0 other;
aacctgcgga aggatcatta ccgagtgcgg gtcctttggg cccaacctcc
tattgtaccc tgttgcttcg gcgggcccgce cgcttgtcgg ccgccggggg
ccccccgggce ccgtgcccgce cggagacccc aacacgaaca ctgtctgaaa
tgagttgatt gaatgcaatc agttaaaact ttcaacaatg gatctcttgg

//

and 188

catccgtgtec
ggcgcctctg
gcgtgcagtc
ttccggce

60
120
180
237



Formaty sekvenci obsahujici
mnohonasobna prilozeni

Sekvencni prilozeni umoznuje srovnat podobné
sekvence
K dispozici cela rada formatu, obvykle
prizpusobenych pouzivanym programum

Multi FASTA

Phylip

PAUP / NEXUS
Clustal

MSF



Moorella_thermoocetico ATCC_39@73_-_rna.4@ GTTTGATCCTGRCTCAGGACAAACGCTORCGGCATGCCTAACACATOCAA
Armonifex_degensii_KC4_-_rna.5 AGGOTTTEATCCTGRCTCAGGACCAACOCTROCGRCATGCCTAACACATGCAA
Armonifex_degensii_KC4_-_rna.31 AGGOTTTEATCCTGRCTCAGGACCAACOCTROCGRCATGCCTAACACATGCAA
Condidatus_Desulforudis_oudaxviator MP1@4C_-_DAUD_RSOR7EE TTTATCGAGAGTTTGATCCTGLCTCAGGACCAACCCTOROGGCATGLCTAACACATOCAR
Condidatus_Desulforudis_oudaxviator _MP1@4C_-_DAUD_RSOE02@ TTTATCOGAGAGTTTGATCCTGLCTCAGGACCAACCCTGROGLCATGLCTAACACATOCAR

FEEXBBEEE  EEXBEEXBEEEFERXSIERES  EEXBEX RS XXX ERXBER S ZERXBEXES

Moorella_thermoacetica ATCC_39873_-_rna.4@ CTCRAGCGETCTTTAATTORGLAAATCTTCCGATCOAACCGATTAAAGATAGCGGLGGAL
Armonifex_degensii_KC4_-_rna.5 CTCRAGCGGLCTT GTCAGGLCCTTETAT == --CCTGLCAAGT TRAGCGGCGGAL
Armonifex_degensii_KC4_-_rna.3l CTCRAGCGGLCTT GTCAGGLCCTTETAT == --CCTGLCAAGT TRAGCGGCGGAL
Coandidatus_Desulforudis_oudaxviator_MP1O4C_-_DAUD_RSGO7A GTCOTGCOA---TTOAGAGGTCAGCATCTCACTT----CTCAA GALCGGCGGAC
Condidatus_Desulforudis_oudaxviator_MP184C_-_DAUD_RSB6928 GTCGTGCGA---TTRAGAGGTCAGCATCTCACTT----CTCAA GAGCGGCGGAL

TEEX REK. FEEXR ¥k EX E. s * *: o4 o N FIREFBERER




Poznamka k pouzivanym fontum

Proporcionalni fonty

Arial, Times

Kazdy znak - jina $itka gaattttttt
Nevhodné pro zapis cttaaaaaaa
sekvence

Neproporcionalni fonty

Vhodné pro zapis sekvence gaattttttt

VSechny znaky stejna Sika cttaaaaaaa

Courier, Monospaced
K editaci jsou vhodné editory, které neukladaji informace o

formatu textu (Notepad, vyvojarské editory — PSPad, aj.)

Nékteré formaty jako napf. GCG obsahuiji vnitfni kontrolni
soucty



Surova data — elektroforetogramy ze
sekvenovani v kapilare

Ruzné formaty
*.abi
*.ab1
*.scf
ProhlizeCe, napfr.
Chromas Lite
ABIView
Ridom Trace Edit
Export
FASTA
Prosty text

Formaty z NGS vyzaduiji
slozitejSi zpracovani

B Lip1-ilabl - Chromas = | E S
File Edit Options Help
5 | V| & | v # —
Open Save Export | Print | Next Find Sample: Lipl-il Base 132
1a0 110 120 130
TCCCCGTGCCGCG GTCCATCACACT CRE ACACCACAT AAGGEGCAG
F K B E =1 I T L H T T * G A v
E R A A bi H H T Q H H I =4 R =1
« »

gr@ Bidom TraceEdit - 068_arcCSa_g (49%nt. 0 Hs. trim, re. Q20° 4806, 0208 97.59% . MBO: 36.97)

[[Fie gt cmtiors Hep

L= E é O R
| Eﬁ_hen.‘ahﬁ?st_'.és--anl [ic:lPrograme
Er"_flag_.lvl,'-l‘._lﬁ‘.l abl [Z:\Frogramme
e _cerews_a11778 65 ah1 [CriPrograns

(i

el _bydrogih_a%Se54_i65r.abl [C:\Pragra
I3 _febus_azses_tesf.abi [<HiFrogramm
IFada_faecats_amrso_tesf.abl [C:lPrograme
| '-_‘E cersus A1LTTE_LES sbl [CH\Programe

I oes_arcCsa, rexe0s8_aocsa_b [CiDoky

: 06 _sreC s rexéonti [CDakumert= u
Wiede _fran_az37ds 165 abt [C\Programme
WRadc_sodow_gq3ees 165, a1 [CiiPrograme

;ﬁ,r.ﬂl’wl- A3Ea54_165F.abl [ColProgra

|iFadc_sodov_mazess_igsrabl [Criprograme

KRB A YU 8 N0 A
I k T
8§ & B L & I |Lslg 3
LW sl Ml b g
/ \ YN | N\ VY
L _‘--\.Tu_\.: =~ "'\ l'._ __.-'l- )'t . \ X 1_?:*-' I\
- — O g P, S M SRS e
£ >

Postion: 9 | Cuality: 24 [C] | Selacted: l:l!



Jednoducheé formaty sekvenci maji
omezeni a neobsahuiji

Data o expresi genu
Variace a polymorfismy

Specificke informace o zdroji sekvence
(organismu, klonech, ...)

Odkazy na dalsi informace
Informace o kvalité



3. Konverze dat a hledani motivu

Prevod informace mezi retéezci

* Reverse-complement

Hledani motivu

. Presné
. Podobné

Prepis a preklad podle ustredniho dogmatu

 Transkripce
 Translace — geneticky kod

Sekvencni prilozeni

 Parové, stanoveni identity a podobnosti

*  Mnohondasobné, identifikace konzervativnich motivu

Spojovani, rozdelovani

* Restrikéni stépéni

 Klonovani in silico, konstrukce vektoru a rekombinantni DNA pro pfipravu
protein

Assembly — kompletace a sestaveni genomu



Priklady nastroju pro konverzi formatu

UNIX-GCG
To Genbank, To Fasta....
From Genbank, From Fasta...

SEQRET

https://www.ebi.ac.uk/Tools/sfc/

SMS — The Sequence Manipulation Suite v2

http://www.bioinformatics.org/sms2/
EMBL to FASTA
GenBank to FASTA
Reverse Complement — pfevod mezi fetézci
Filtrovani znaku

Vzajemna konverze - Sanger, lonTorrent, lllumina, (ONT)

Biopython
EMBOSS
BioPerl

Samtools



https://www.ebi.ac.uk/Tools/sfc/
http://www.bioinformatics.org/sms2/

Prevod informace mezi retezci

Nastroj Reverse Complement
http://www.bioinformatics.org/sms2/rev_comp.html

Prevod mezi dvema retezci (pozitivni-kodujici-horni/negativni-
antikodujici-spodni)

5’ CCCCATGTTT 3’

3’ GGGGTACAARAR 5’

>Sample sequence

CCCCATGTTT

>Reverse complement dle pravidel o parovani bazi

AAACATGGGG

>Reverse — nema biologicky vyznam

TTTGTACCCC

>Complement — nema biologicky vyznam

GGGGTACAAA



http://www.bioinformatics.org/sms2/rev_comp.html

Hledani motivu v sekvencich

Hledani slov = usporadana mnozina znaku

GAATTC
GARYTC
GAAN ; s, TTC

Presné definovany motiv
 Degenerované symboly
 Povoleny pocet neshod
« Motivy od sebe vzdalené x zbytku



Standardni priklady hledani

Restrikcni mista
Repetice

Prime

Obracené (vlasenky se smyckou)
Konsenzni vzory

Uzivatelem definované vzory
Otevrene Cteci ramce (START .... STOP)

>

Zaklad pro hledani genu a funkCnich oblasti




Restrikcni endonukleazy tridy Il
mayji prakticke vyuziti

Vazou se na specifické (4-6 pb) sekvence nukleotidu
Katalyzuji Stépeni dvou fetézcu molekuly DNA uvnitf
vazebného mista nebo v jeho bezprostrednim sousedstvi
Produkty stepeni RE

tupé konce (po Stépeni obou fetézcl ve stejném misté)

precnivajici konce (po Stépeni fetézcl v riznych mistech, ktera jsou obvykle vzdalena 1-4
nukleotidy)

. - 5'precnivajici
- 3'precnivajici

%}
|

o (iIUUF_E1
T||Tj 9ITETTEY
5 s {TTITITT




Restrikcni analyza in silico

RestrikCni endonukleazy tridy Il

Sekvencné specifické endonukleazy, které stépi DNA v
rozpoznavanych sekvencich

Prehled dostupny v databazi REBASE- Restriction Enzyme
Database
http://rebase.neb.com/rebase/rebase.html

Sekvence rozpoznavacich mist
Producent enzymu

Reference

Komercni dostupnost
Sekvence genu
Krystalograficka data

Citlivost k metylaci

REBpredictor — predikce rozpoznavaci sekvence u novych
enzymu

Rebase genomes — identifikace genu pro RE v genomech



http://rebase.neb.com/rebase/rebase.html

Software pro restrikCni mapovani

Provadi hledani restrikrnich mist na zakladé analyzy sekvence
DNA
Konstrukce restrikCnich map

Nezbytny predpoklad pro klonovani

Interpretace RFLP polymorfizmu

Simulace vysledku gelové elektroforézy restrikénich fragmentu
Virtualni klonovani
Vytvoreni kvalitni grafiky ilustrujici restrikCni mapy

RestrictionMapper (http://www.restrictionmapper.org/)

WebCutter

NEB Cutter v3.0 ( )

EMBOSS Restrict (

)

pPDRAW32 freeware (http://www.acaclone.com/)



http://www.restrictionmapper.org/
http://www.acaclone.com/

NEB Cutter

http://tools.neb.com/NEBcutter2/

e |,;—,' http://tocls.neb.. 2~ B C || = MNEBcutter |

f=lfe ks

T
| T ARLE

& \-.'!:'.‘-' ENGLAND
BioLabs;.
| NEBcutter |

Dusplay: - NEB single cutter restriction enzymes
- Main non-overlapping, min. 100 aa ORFs | 7. | 5~

GC=51%, AT=49%

Circular Sequence: L08752

I | blunt end

J | 37 extensi
T | cuts 1 st

*TzphI
*Aval
*Smal
BamH1
“bal
#3all
#Accl

Peil #Hincl I

AFLTTT Sbfl

ORF=:

a: 286 aa

PstI
BEspll
Sapl BfuRl

BepMI
b: 133 aa Beatl Sphl
c: 118 aa

Bzeyl

ALwNT

P

2686 bp

mmnl
*Bogl
Scal

HmeAITT
#B=rFI
BpmI
Bzal

Cleavage code

extenzion

~

Enzume name code
cut Available from MEE
Has other supplier
Not commercially awailable
on 1 cleavage affected by CpG meth.
#1 cleavage affected by other meth.

and (enz.namel: ambiguous site

WARMING: Mot all enzymes show
Si linear display

HindIII

FPIUTT #3Fol #Narl #kas]
BstAPI Mcel

Eco01031
#AatIl #Zral

Sspl

#100% -

Enzymy — vystup tabulka
kompletni sada
komerc¢ni sada

které sekvenci nestepi

které Stépi — pocCet a pozice
rozpoznavacich mist

Linearni nebo kruznicova mapa

sekvence se znazornénim pozice
restrikCnich mist

Grafika

Identifikace ORF a translace do
proteinu


http://tools.neb.com/NEBcutter2/

Vyhledani otevrenych ¢tecich ramcu

ORF (Open Reading Frame)

n u u u A4 y

terminacnim kodonem

Vysledek je zavisly na pouzitem genetickem kodu
Databaze genetickych kédu v NCBI
https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/w
printgc.cqi

U prokaryot, které nemaji introny je zakladem

hledani genu

U eukaryot zpravidla vyuzivame analyzu ORF u
komplementarni DNA (cDNA) vzniklé reverzni
transkripci z mRNA



https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi

ORF Finder (Open Reading Frame Finder)

https://lwww.ncbi.nlm.nih.qgov/orffinder/

Open Reading Frame Finder

ORF finder searches for open reading frames (ORFs) in the DNA sequence you enter. The program returns the range of
each ORF, along with its protein translation. Use ORF finder to search newly sequenced DNA for potential protein
encoding segments, verify predicted protein using newly developed SMART BLAST or regular ELASTE.

[ ]
This web version of the ORF finder is limited to the subrange of the query sequence up fo 50 kb long. Stand-alone 0 R F f l n d e t
version, which doesn't have query sequence length limitation, is available for Linux x64.

Examples (click to set values, then click Submit button) -

s MNC_011604 Salmonella enterica plasmid pWES-1; genetic code: 11; 'ATG' and altemnative initiation codons;
minimal ORF length: 300 nt
« NM_000059; genetic code: 1; start codon: "ATG only’; minimal ORF length: 150 nt

—— Enter Query Sequence

& Enter accession number, gi, or nuclectide sequence in FASTA format:

rbacteriophage 34

TOGCTTTAAACCCTTCATGCCTTCTTAGACACCTAAATAGETCTAATT TCAGCTCCAABGETCATGCCTTCTALTT
TTCATATTAACCTCCTTTCTAGC T TCCARAAAGT TET TCT TAAATCCATACCTGTAATGACTTTTTGTTCACTTT
TCTTCAGTCTCTTECT T TATTCTCT TCAT TAAGTATT TCTAAAAGTTTTACATACGRCTGTTTTCTGACTTECAG
OTCCACCCATACTACTCCATACAGAAACGTTATATTT TCTTAATGTTCOEATARAATATCTTTTATTGAGATTGT
TaTCTTTCCCATCTCTTCTaaT TCAGTET TCTEAATCTTCT TCATCT TCACCATTGATTTC TCGARATATATETT
GCTTTETGTATAAGT T TTAGTGCTCATCTTGT TCAAAACATCTTCTTCAGTCAATCCTTCATCETT TAAATARAT
PXATMCTGTCGCTCTTTTTGTCTCATTTTTGTTGCGTT&GGEITACTTC'I“I'TTTT;’-‘«TTCTCTTGATTTACTA»’-‘«TTC

4

“  From: | | To: |

— Choose Search Parameters

Minimal ORF length (nt):

o
& Genetic code: [ 11. Bacterial, Archaeal and Plant Plastid hd
& ORF start codon to use:

® "ATG" only

) "ATG" and atternative initiation codons

O Any sense codon
& Ignore nested ORFs: []

— Start Search / Clear



https://www.ncbi.nlm.nih.gov/orffinder/

ORF Finder (Open Reading Frame Finder)

https://lwww.ncbi.nlm.nih.qgov/orffinder/

Open Reading Frame Viewer Help
Sequence
ORFs found: 16 Genetic code: 11 Start codon: "ATG' only
=1~ | Find: Q| al @, AT = ReTools~ | L Tracks~ 2 P -
L |18 |288 = 488 [ [  orr12 8 WEEE 288 [tk |L1@@ [1,200 [ [1, [t.58 |L e | 17eg
(U] ORFfinder 10.9.93155820 -
> | ORFLE ORF12 ORFS
orF7 I T oRFIs
T ORF18 ORFz s S ]
DRFL4 [ ORFE oRFE
ORFE
L |18 |288 |ze8 428 se8 el ree [zem 388 LK 1108 1288 [t.zm0 [1.4m8 |58 |16ee | 17eg
1: 1..1.8K (1,768 nt) " ¥ Tracks shown: 2/5

Six-frame translation...

ORF12 (151 aa) Display ORF as... Mark Mark subset... ~ Marked: 0 | Download marked set  as | Protein FASTA v

:l#;#||_E:"‘EEEDDW.~'¢5EQGEGI{'JS'JTLSNLEADTTYFKET\"QVAL‘JEENGK Label Strand Frame Start Sle LEﬂgth (nt | EE:I
o eI e w2 ome 6wl -
& ORF13 - 2 643 258 351|116
ORFS - 1 1597 1253 345|114
ORF7 + 3 135 371 23778
ORF15 - 3 1574 1401 174 | 57
ORF2 + 1 1375 1533 159 62
CORF10 - 1 256 93 159 52
ORF11 - 2 <1767 1609 159 | 52
4 ORF5 + 2 1286 1414 1291 42
ORF3 + 2 17 121 105 34
ORF12 Marked set (0 P : - . nnn anias I
SmartBLAST best hit titles... (@
BLAST BLAST
BLAST Database:

[UniProtKB/Swiss-Prot (swissprot) v|



https://www.ncbi.nlm.nih.gov/orffinder/

Translace in silico

Preklad genetické informace z DNA do proteinu

6 moznych Ctecich ramcu ve dvouretézcové DNA

Vymezene oblasti - exony
Vyber genetickeho kodu
Nastroje: EMBOSS Transeq, EMBOSS Sixpack, aj.

E F K TS K S CEZ KA ATITTEK*R * F G Y F1
N S KPAKAVZ KT KT PLZPSTI KT DNTLATI P
I QN Q Q KL * KSHY OQVIKTITIWTLY F3
1 GAATTCAAAACCAGCAAAAGCTGTGAAAAAGCCATTACCAAGTAAAGATAATTTGGCTAT 60
T Ny S
1 CTTAAGTTTTGGTCGTTTTCGACACTTTTTCGGTAATGGTTCATTTCTATTAAACCGATA 60
S NLVLlLLTULG OSTFAMVYVYTLYTULYNTP* F6
X I * FWOCFSHTFTLMW=*WTT FEFTITITG QS F5
F EF GAFATTFEFTFGNTGTLTLSTLTZ KA ATI F4



EMBOSS Transeq

http://www.ebi.ac.uk/Tools/st/lemboss transeq/

(- @| [ http://fwww.ebiac... O~ B C ‘ . EMBOSS Transeq < Sequen.. * Tny * {CE

EMBL-EBI Services | Research | Training | Industry = About us =

EMBOSS Transeg

Input form Web services Help & Documentation =, Share ®. Feedback

Tools > Seqguence Translation > EMBOSS Transeq

EMBOSS Transeq

EMBOSS Transeq translates nucleic acid sequences to their corresponding peptide sequences. It can translate to the
three forward and three reverse frames, and output multiple frame translations at once.

STEP 1 - Enter your input sequence

Enter or paste a set of DNAJRNA | sequences in any supported format:

Or, upload a file: _ Prochazet.. |

2
3
F (Forward three frames) CODON TABLE

-1 | Standard Code v

-2

-3 ost users and, for that reason, are not visible. s
—|R (Reverse three frames)
6 (All six frames) H100% -



http://www.ebi.ac.uk/Tools/st/emboss_transeq/

Priklady translace in silico

é Ehmnrar matics Rasourca Portal

Translate Tool - Results of translation
Open reading frames are highlighted in - Please select one of the following frames

53 Frame 1

LLIQQAKSNSDTTP

5'3 Frame 2

Y-SHNELNRTVITQRROCHWILVVOCHRV--ATGWELESIAF-LE-IVIEL-AQSLHVWE-I

-LEHHYLNLY-NTS5-F
KL-QIVEILSLHAVVAVFQL-EKEKIFP

5'3 Frame 3

INPTS-TEQ-HNAGNATGYLWCHVIGYDRLLVGN-NHOSHFN-NE-——-HCRHNRYTCGSE—
R-5TI--PN-THWSFLYERRS-RITERTARLSL-RRCRTWL-ESSCVITISIYIRTPVNS

NE SRR Y CHCHRNWRYSSYRRRKYE -7C-S



Princip translace 6 ¢tecich ramcu

STANDARDNI GENETICKY KOD
Aminokyseliny = FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAAAADDEEGGGG

Start = ---———-—-------—— e M--———mmmm e
Bazel = UUUUUUUUUUUUUUUUCCCCCCCCCCCCCCCC GGGGGGGGGGGGGGGG
Baze2 = UUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGG

Baze3 = UCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAG

Ramec +1

DNA: ATG GAT GTA AAA GAA ATT AAT TAA
mRNA : AUG GAU GUA AAA GAA AUU AAU UAA
Protein: M D \"4 K E I N *
Ramec +2

DNA: A TGG ATG TAA AAG AAA TTA ATT AA
mRNA : A UGG AUG UAA AAG AAA UUA AUU AA
Protein: W M * K K L I
Ramec +3

DNA: AT GGA TGT AAA AGA AAT TAA TTA A
mRNA : AU GGA UGU AAA AGA AAU UAA UUA A
Protein: G C K R N * L




Princip translace 6 ¢tecich ramcu

STANDARDNI GENETICKY KOD

Aminokyseliny = FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAAAADDEEGGGG
Start = - - M-
Bazel = UUUUUUUUUUUUUUUUCCCCCCCCCCCCCCCC GGGGGGGGGGGGGGGG
Baze2 = UUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGG
Baze3 = UCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAG

Ramec -1 (4)

DNA:

mRNA : UUA AUU AAU UUC UUU UAC AUC CAU
Protein: L I N F F Y I H
Ramec -2 (5)

DNA:

mRNA : UU AAU UAA UUU CUU UUA CAU CCA U
Protein: N * F L L H P
Ramec -3 (6)

DNA:

mMRNA : U UAA UUA AUU UCU UUU ACA UCC AU
Protein: * L I S F T S




Klonovani in silico, konstrukce vektoru

Kombinace segmentu sekvenci
zname/nezname funkce
Plazmidy
prebiraneé z databaze
zpravidla zname funkce
regulacni sekvence pro expresi
Inzerty — obvykle noveé sekvence

C
C
C

nara
nara

nara

Kterizovane restrikCni mapou
Kterizovane sekvenci DNA

Kterizovaneé funkci

Design in vitro mutageneze
Nomenklatura pro konstrukty neni stanovena



Clone Manager (Sci-Ed Software)

http:/lwww.scied.com/pr cmbas.htm

-

Clone Manager || | ]

File Yiew Clone Map Prmer Align  Discover Operations Window Help

O = S| EBEMIFENEE=2ER]= 2@

" =

SYNPUC18V (2686bps) = Ecl
%o @ | @ EAE R XS w0
EESF‘ILI ¥  Enzyme Sites 44
BanIl -~
Sapl Eco53kI Marme Pos Type
Sacl Apol 230 sc 5
Accesl EcoRl 230 =
Kpnl ol aC
ﬁdb% Aval Banll 235 sc 3
Geal 2r Smal FcoS3kI 236 sc bl |z
BseYl .
BstAPI BarmHI Sacl 236 sc 3
. Ndel Xbal AccsSI 242 sc 5
HI'IJNI ACCI ,
HiI-ICII KI:II'II 242 s 3
Pfol Sall Aval 246 sc 5§
EE%IMI smal 246 sc bl
Ecsl?l':'gl Pstl ¥mal 246  sc 5
d Sphl .
703l Hlii'n N BamHI 251 sc §
Sep] ¥bal 257 sc o
P Accl 263 sc 5
HincII 263 sc bl
Ath}SEII ¥mnl Sall 263 sc §
BarFl Scal BispMI 267 sc 5
Bpmil Tsol ;
NmeALl Shfl 263 aC 3.
Pstl 209 sC 3
Sphi 275 s 3 i
Map | RMap Sequence Features Info

-



http://www.scied.com/pr_cmbas.htm

Assembly/ kompletace a sestaveni
Resekvenovani vs. de novo sekvenovani

Next-generation

... CATTCAGTAG ...

DNA sequencing .. AGCCATTAG ...
—- .. GGTAGTTAG ...  GGTAAACTAG
.. TATAATTAG ... .. CGTACCTAG ...
Genomic millions-billions of reads
DNA ~30-1000 nucleotides
Resequencing De novo assembly
* *
Align reads to reference Construct genome sequence

genome and identify variants from overlaps between reads



Princip assembly

- —— reads

—

Pokryti oblasti >x-nasobnou redundanci
Identifikace prekryvu, sekvencni piiloZeni

a rekonstrukce sekvence



De novo assembly

* Nezavisle na referencnim genomu
 Parametry

Délka Cteni
Pokryti genomu (coverage)

» Velké mnozstvi dostupnych algoritmu

Znakové metody
Grafové metody

* Vypocetne narocne
» /Zpravidla vyzaduje optimalizaci pro
kazdou platformu sekvenovani



Princip hledani prekryvu

Vytvoreni vSech k-meru ve ¢tenich, (napfr. k ~ 24)
Roztrideni cteni do skupin, které sdileji k-mer
PriloZeni paru, které sdileji k-mer

Mapovani a rozsireni sekvencnich prilozeni

TACA TAGATTACACAGATTACT GA

< TTELTEEEEEEEErT D 1] e
TAGT TAGATTACACAGATTAC TAGA

k-mer size

optimum



Mapovani jednotlivych cCteni
k referenci

Vytvoreni sekvencniho prilozeni z jednotlivych Cteni

* Hloubka procteni sekvence odrazi kvalitu

 Umoznuje vyresit neshody
 Chybné stanovené baze
* Homopolymerni oblasti

* Umoznuje kvantifikovat polymorfizmy




Repetice jsou pricinou rozdeleni
genomu do kontigu

JestliZe cteni je kratsSi neZ repetice=> nemoznost sestaveni sekvence

RPT A1 RPT A2

= = = == 4 =

Kontig tvoreny jedine¢nou sekvenci,
Cteni z mnoha podobnych repetic ohraniceny repetitivnimi sekvencemi
vedou k vytvoreni kontigl
s pozménénou strukturou



Znazorneni repetic v de Bruijnove grafu
5 5 %

« Kratka cteni, hlavni priCina omezeni kompletniho
sestaveni

« Stejna sekvence se vyskytuje v genomu vicekrat

« Deélka Cteni neni schopna preklenout tuto repetici

« Pokryti muze indikovat multiplicitu

)G



Priklad de Bruijnova grafu u
mikrobialniho genomu (lllumina)

A — kvalitni sestaveni

B — sestaveni vyZadujici optimalizaci, kombinace dlouhych a kratkych kontigt
C — nekvalitni sestaveni vychazejici z nekvalitnich dat, velké mnozstvi
nezafazenych kratkych kontig(



Hybridni assembly a bridging

« Kombinace kratkych Cteni (lllumina, lonTorrent)
a dlouhych cteni (PacBio, Nanopore) umoznuje
hybridni assembly

* Dlouha cCteni: hledani cesty mezi repeticemi

Repeat region in unbridged graph Consensus read sequence Path finding
Remove ends aligning
to single-copy contigs

Semi-global long read alignment Multiple Zﬁg;’mﬁ G Bridged graph

h“; bridge
— — it
.-'-l-‘__ _ﬁ
Consensus &

¥k (OO




4. Vypocetni analyza sekvenci

Pocet residui

Frekvence residui

Frekvence oligonukleotidu
Analyza vyuziti kodonu

Design oligonukleotidu a primeru



Analyza vyuziti kodonu (codon usage)

Vyuziti synonymnich kodonu
neni nahodnée
je rozdilné u ruznych genomu, které maiji urcité
preferované kodony pro urcité aminokyseliny
muze byt problémem pfi expresi
rekombinantnich proteinu

Databaze vyuziti kodonu
http://www.kazusa.or.jp/codon/

The Hurman Codon Usage Table



http://www.kazusa.or.jp/codon/

Analyza vyuziti kodonu (codon usage)

The Human Codon Usage Tahle

{Gly GGG P17.08 025 [AM (AGG (1209 (022 T iTGG 1474 (100 jAtg GGG 1040 (049

PGl oGA P19.31 026 [AM (AGA (1175 (021 (End iTGA | 264 (051 jAr iCGA | 563 (010 |

PGl GG P1366 015 [Ser (AGT (1015 (044 0w ITGT | 999 (042 iArg iCGT | 516 (0.09

POl GGC P2494 (035 DSer (AGC (1854 (025 Cw (TGC (1336 (058 jAr COC 1082 (0.9 |

(ol oAn 3382 059 iLw (AAG 13379 D060 (End iTAG | 073 (047 (Gl CAG 3285 1073

(ol oas P27.51 041 iLw lasA (2232 D040 End iTAA | 085 (022 iGh iCAA 1184 1027 |

Phsp (AT P2145 044 [Asn DAAT D1E43 D04 iTw ITAT (1130 042 iHis [CAT | 958 P04 |

Phsp (OAC P27.06 1056 [Asn DAAC (2130 (056 iTw TAC (1645 058 iHis [CAC 1400 0.59

Pl 010 2260 048 fMet DATO (2186 D100 iLew (TIG Q1143 (042 il TG (3083 [043 |

il fota foeoa fodo §|||e PATA P oE05 04 [Lew PTTA | 555 (006 len ICTA | 642 (007

il ferm P03 foar §|||e PATT 1503 D035 [Phe TIT (1536 (043 flew ICTT 124 iz i

Pl feic P1s01 fozs §|||e PATC 2247 D052 PPhe TIC (2072 (057 flew iCTC D194 20

Pl o6 727 1040 iThr (ACG | B0 D042 iSer (TCG | 435 (006 P 00O | 702 P01 ]

Pl oA P850 022 ithe DACA D1504 D027 QSer (TCA (1086 (045 iPm fCCA D171 027 |

Pl foCT P2023 o2s ithe DACT D1324 D023 {Ser (TCT (1351 (043 P fcCT D803 1029

Pl foCc P2a43 040 iThr PACC 12152 D033 {Ser (TCC 1737 (023 P fCOC (2081 033




Navrhovani sekvenci primertu pro PCR

Standardni primery

Modifikovaneé
oligonukleotidy na 5'-
konci pro klonovani

Oligonukleotidy jako
hybridizacni sondy pro
real-time PCR

specificnost
jedinecnost

PCR : Polymerase Chain Reaction
30 - 40 cycles of 3 steps :

‘ wm 4'. ”‘u’ % A\ Step | : denaturation

1 minut 94 °C

I I . | |I [ T]'I; Step 2 : annealing

' > B
Mi' i 45 seconds 54 °C
g 3 rm ;
. 1 [ 1y, : g reverse

~ | -~ ~ | L - | '{4”JJ”|.|J.|[ I 5 S Cp » extension
~ F s = - \
“




PCR - Syntéza obou retéezcu u specifické sekvence .
S 3’
TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC
AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG
3’ ’

Primy (forward) dNTPs I S
59 o ° / v
primer 3

TTGAGAAAGGAATAAGC — PNAFOL

AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG

3 5

S 3’

TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC
«~—NapoL TCTTTAGCTCATATACG

I / 3 9 5 9
$ dNTPs Zpétny (reverse) primer
5 ¥

TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC
AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG

3 5
5 3’
TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC
AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG

3 b



Vyber vhodné strategie pred
navrhem primeru

K cemu jsou primery urceny
Standardni end-point PCR
Degenerovana PCR
Multiplex PCR
Sekvenovani (primer walking)
Real-time PCR
Detekce jednonukleotidovych polymorfizmu (SNP) nebo variaci
Studium metylace
Sondy pro microarray
Z jakych dat vychazime
Jednoducha sekvence DNA / proteinu
Sekvencéni prilozeni DNA / proteinu
GenBank ID/Gene ID/rsSNP ID
Optimalni je vyuzivat kompletni/co nejdelSi templat



Pravidla pro design primeru pro PCR

Relativhé snadna vypocetni zalezitost —
prohledavani sekvence a identifikace kratkych
sekvenci splnujicich urcita kriteria

Délka primeru

Obsah G+C

Teplota Tm

Specificita

Komplementarita primerovych sekvenci

Sekvence 3'-konce



Jedinec¢nost primeru

Na jedineCnost primeru a jeho hybridizacni
vlastnosti (annealing) ma vliv délka primeru a
velikost templatovée DNA

Délka (17 — 28 bazi dlouhé)
Mozna hybridizacni mista primeru by se take
nemela nachazet na DNA tvoricich pripadné

kontaminace vzorku
Templatova DNA

5’ ...TCAACTTAGCATGATCGGGTA. . . GTAGCAGTTGACTGTACAACTCAGCAA. .
OLLOVYVY.LOOL OVLOOLOVVYOILOVD OLLOV LOOL
¥
Primer1 5’ -TGCTAAGTTG-3’ Neni jedinecny!

Primer2 5’ -CAGTCAACTGCTAC-3’ Jedinecny!

.37



Zastoupeni bazi

Zastoupeni bazi ovliviiuje vlastnosti hybridizace a
reasociace primeru

Zadouci je nahodna distribuce bazi bez oblasti
bohatych na AT nebo GC

Obvykly obsah G+C, ktery poskytuje stabilni
hybridy je 40-60 %, ale zavisi také na obsahu
G+C templatu

Templatova DNA
5" ... TCAACTTAGCATGATCGGGCA. . .AAGATGCACGGGCCTGTACACAA. .. 3"

LODILVYDLVYIIIIDL LDSLVDLVSDOQSL



Teplota Tm (Melting temperature)

maji T, teplotu 50 — 65 °C
T — 0,3 > TPrimer 4+ 097 > TProdukt —25

kde T, Primer j& hodnota T, nejmene stabilniho

paru primer-matrice a T, Produkt je hodnota T,
amplifikacniho produktu.

Orientacne lze vypocitat T, podle vztahu:
T.,=2(A+T) + 4(G+C)
I,=T,—-5°C



Vnitrni sekvence a struktura primeru

Stabilita duplext oligonukleotidu a viasenek se uvadi v AG (kcal/mol)
Oligonukleotidy nejsou komplementarni navzajem na 3’-koncich,
takze nevytvareji navzajem nebo samy se sebou duplexy

Netvori vnitrni sekundarni struktury
Chybné navrzena dvojice primeru, ktera vytvari stabilni duplex na 3'-
konci: 5 ATTCARCCGTTCARACRRGCCC 3
AT TACCTTTATTTCTCR

Spravné navrzena dvojice primeru, ktera vytvari pouze malo stabilni
duplex na 5’-konci; na 3’-konci je G nebo C zarucujici stabilni parovani
s templatem:

B F?WF@?HCTH?TMGC 3
FOCTTACTCCACECCTAATACARTUCC R

Chybné navrzeny primer, vytvarejici viasenku:
3 T??TTCT—J—LGGE
3 ALARDGLGET



Hairpin

3 GGGALA—
L |
5 TATCTAGGACETTA—

3 GGGAA—
[ f -k

- TATCTAGGACCTTﬁrJ

Self-Dimer
3 oz Dimer

3" GEGLLAATTCCAGGZATCTAT 5@

11 L1 farwward primer
5' TATCTAGGACCTTAAALAGGG 3
S TATCTAGGACCTTAAAAGEE: 3

RN
4 hp 3 CATGGAAACGTAGGAGAC 5
3" GGGAAARATTCCAGGATCTAT 5 reverse primer

11
5' TATCTAGGACCTTRALALAGGG 3



GC svorky a 3'- koncova stabilita

GC svorka

Pritomnost G nebo C mezi poslednim 4
bazemi na 3’-konci primeru

Zasadni pro zvyseni prevence falesneho
prodluzovani a zvyseni specificnosti primeru
>3 G nebo C v blizkosti 3’-konce jsou vsak
nezadouci

5 GAAGTACGGAAGAAGQ 3°
CTTTAAACCCTTCATGCCTTCTTICGACACCTAAATGGTCTAATTTCAGCTCC




Jedine¢nost primeru

na matricové DNA nemaji falesna vazebna mista
Nespravne navrzeny primer s faleSnymi vazebnymi misty
Nna templatove DNA: 5(1029) ARGGCTAGRGRRRRATATGE (10453

N
948 tttottaccocttttt—taco (966)5

5(102%) ARGGCTAGRGARRARTATEG (1040)3
Mg tttgtattgoattatatacc (12105

B'1024) %R?GCT%G%?W?%TGG (1048)3"
PN CocatttttottCttatotL (4145

Spravné navrzeny primer, ktery nema falesna vazebna
m IISta na tem plétu 5(2476) CCTARCRTARTCCGCACCTCATTCC (2452)3

[T
N taaatoetattagtttacacataaca (115

5(2476) CCTARCATARTCCGCACCTCATTCC (2452)3
Mzl caattgtaactataactgogttate (32355

B'2476) (}ICT%'\?HTETCCGCHCCTCHTTCC (2452)3"
tatt

[ I
M gtattgoattatatacctotgttag (12185

B'2478) CCT%\J?&F%’FA%\_T"CCLTJ(FACCTCAT"TCC (245273
I4eY) atattgta-tatacgaactaaatot (14925
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Kdy je primer jesté primerem?
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ro navrh primeru se obvykle pouziva
specializovany software

1 Oligo Explorer = O X
File Edit View Oligos Sequence Search Window Help
FOH SR M|« TR ITTTP HEXE 12188 & Gene Link™
Untitled [E=N Hoh &>
% Graph ] : Primer pairs ]

38

TCTRATTTCAGC
5'- TGGACACCTAAATGGTCTAATTTCRGCTCCAAGGTCATGCCTTCTACTTTTTCATTCATATTAACCTCCTTTCTAGCTTCCAAAAAGTTTTCTTARATCCGTACCTGTAATGACTTTTTGTT -3
3'- RCCTGTGGETTTRCCAGATTRAAGTCGAGGTTCCAGTACGGAAGATGAAAAAGTAAGTATAATTGGAGGAAAGATCGAAGGTTI'TTCAAAAGAATTT?-AGGCATGGACETTACTGARAAACAA -5'

30 ’ a0 : 50 ’ 60 70 0 0 100 110 ’ 120 : 130 ’ 140 .
KNES | |
=} Upper primer 4= Lower primer ! TagMan ] .:0 Beacon ]
Lower primer self annealing Upper-Lower primer annealing <
5'-TTTGEARGCTACARAGCAGG-3" 5'-CTAAATGETCTAATTTCAGC-3" Length A=
(NN T (NN
3" -GGAGCARAGATCGRAGETTT-5" 3" -CEAGEARAGATCGRAGETTT-5" \ ™
dE: -4,34 keal/mel, Tm: 12,00 sC dE: -2,75 keal/mol, Tm: 8,00 sC 5 -posiion 103 i
Length c 20
5" -TTTGEARGCTRAGRRRGERAGG-3" 5'-CTRRRTGETCTRATTTCAGC-3" Tm : BEEC
(RN : SN dG ;=373 keal/mol
3" -GGAGCARAGATCGRAGETTT-5" 3'-CEAGCARACATCGAAGETTT-5" GC% S AE0%
dé: -1,90 keal/mol, Tm: 12,00 gC dG: -2,4€ kecal/mol, Tm: 10,00 sC 3 gl GO N TAEA
"-TTTGGRAGCTACARRGCAGG-3" 5'-CTAAATGETCTAATTTCAGC-3"
b= s e 2z Position © 33109
3! GERGGARMGATCEARGETITT-S 3'-GEAGGARAGATCGAAGGTTT-5' Lenath 278
. - ¢ . - . eng : p
dE: 0,38 keal/mol, Tm: €,00 sC dE: -1,74 keal/mol, Tm: 10,00 sC ’ .
& ! & T difference  :© ¥5°C
—CTARATGETCTAATTTCAGC-2' GCZ% difference : 10,0 %

o=
ZCACGRAACATCGARGETTT-
-0,0% keal/mol, Tm: 8,-3-3 sC

Loweer primer loops
5'-TTTGGRA
1z e
3" GEAGGARRGATC 5'-CTARATGETCTARTTTCAG
dG: 1,40 keal/mol, Tm: €,00 sC L
GEAGGARAGATCGARGGTTT-5'
dG: 0,98 kcal/mol, Tm: €,00 sC

Position: 111 Upper Tm: 52,0 5C Lower Trm: 50,3 5C File: Untitled Length: 1768 bp (GC: 40,6%)




Poéitaéovy navrh primeru

Umonuje fada molekularné biologickych programu

Néekteré jsou volné dostupné na internetu
Primer3 (http://primer3.sourceforge.net/webif.php )
Primer3Plus (http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi)

PrimerZ — design oligo pro lidsképromotory, exony a SNP
(http://genepipe.ngc.sinica.edu.tw/primerz/beginDesign.do)

PerlPrimer
BioTools
WebPrimer

Kalkulatory vlastnosti primeru

IDT Oligo Analyzer
(http://eu.idtdna.com/SciTools/SciTools.aspx?cat=DesignAnalyze)

BioMath (http://www.promega.com/biomath/calc11.htm)
PrimerBlast

UCSC In-Silico PCR

AutoDimer



http://primer3.sourceforge.net/webif.php
http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
http://genepipe.ngc.sinica.edu.tw/primerz/beginDesign.do
http://eu.idtdna.com/SciTools/SciTools.aspx?cat=DesignAnalyze
http://www.promega.com/biomath/calc11.htm

Oligo Calculator

Oligo Calc: Oligonucleotide Properties Calculator

Enter Oligonucleotide Sequence Below
OD calculations are for single-stranded DNA or RNA

Mucleotide base codes

Reverse Complement Strand(5" to 3°) is:

5' modification (if any) 3' modification (if any) Select molecule
v v ssDMNA -

50| ni Primer
50| mi Salt (Na™)

1| Measured Absorbance at 260 nanometers

| calculate || Swap Strands || BLAST ][ mfold |

Phy:i:ql Concztant=s Melting Temperature (Tyy) Calculations

Length: 0| Malecular Weight: 4 GC content: % 1 *C (Basic)
a fi H 3

1 ml of a sol'n with an Absorbance of 1/ at 260 nm 1 C (Salt Adjusied)
is microMolar 2 and contains micrograms. 3 Lodse el
Rink calfi"kK*maol) deltaH Kcalimol
deltaz Kealimol deltas cal/{"K*mol)
Deprecated Hairpin/self dimerization calculations

5 ¥ [(Minimum base pairs required for single primer self-dimerization) [ i ]

4 ¥ [(Minimum base pairs required for a hairpin) ¢ Self- — Hy

Citation: Kibbe WA, "QligoCalc: an anline aligonucleoatide properties calculator'. (2007)



Primer 3 http://primer3.sourceforge.net/webif.php
r@ Primer3 Input (version 0.4.0) - Mozilla Firefox g@w

Soubor  Upravy  Zobrazeni  Historie  ZaloPky  Mastroje  Mipovéda

6 d c {HT W hkkpe g fFrada.w, mik. edugprimer 3 finput, btm T T "-"- _;.

L' Primer3 Input {version 0.4.0) + -

| Checks for mispriming in template. |tlis claimer |P1‘i1ner3 Home

| Primer3plus inteirface | cautions | FAQ/WIKI

. ]
‘ Prllner:) (w. 0.4.00 Pick primers from a DINA sequence.

Paste source sequence below (0'-=3', sting of ACGINacgtn -- other letters treated as I -- numbers and blanks ignored). FASTA format ok Please
I-out undesirable sequence (vector, AT.TTs, LINEs, etc) or use a Mispriming Library (repeat ibrary): | MONE K4

*3A44kb001 [org=3taphyvlococcus aureus] [strain=CCM §85] [clone=7/IV] 3taphylococcus aureuss s
EcoRI-clone from common 44 kKb Zwmal fragment -
GA AT T AR LR ARG AR A G T T AL LA A G AT TAC A A G TAA A G AT A AT T TG G TATAT TG TATGGAGLAGGATTTCATATTTGTALLGGCG
A AT TAT TG GA LA AT A AT e TG A AGAT TG TC TG T T TG T TTAGA LG T TTTAAG T GAT TAA T CALGCACAC TCAAATAGTGTTATALTTAT
A AT GAATA T GG T T TG AT AL G T T A G A L AT G AT G TTTCAG G TTTAAT TG TG TATAAAGTTT TG TGATTGCATAAGAGAT GO GG TACTA
AATGTTATTATTAAG TG TG AC G AGTATCATTAGT TATAAAATGTAGC TG T TARAAGTCALALATACATCGAATGTAGTTAGGCATATALTATL ™|
£ >

Pick left primer, [ Pick hybridization probe (internal Pick right primer, or use right primer below
or use left primer below: ohgae), or use oligoe below: (5" to 3' on oppostte strand):

Fick Primers H Feset Form

sequence Td: A string to 1dentify your output.

E g 50,2 recquires primmers to surround the 2 bases at positions 50 and 51, Or mark the source sequence with
[and | eg . ATCT[CCCC|TCAT. . means that primers must flank the central CCCC,

Hokowo

Targets:



http://primer3.sourceforge.net/webif.php

@ Primer3 Input (version 0.4.0) - Mozilla Firefox

Soubor  Uprawy  Zobrazeni  Historie  ZaloPky  Mastroje  MNapovéda

@ - c (gt LN hepegfFrodo . wi.mit, eduprimer 3finput. htm il nl'l - _..r.

Y Primer3 Input {version 0.4.0) -
~N

[ Fick Prirmers ] [ Reset Form -

seoquence Id: A string to 1dentify vour cutput.

- E g 502 recuires primers to surround the 2 bases at posttions 50 and 51, Or mark the source sequence wath

SHEEE. [and | eg . ATCT[CCCCITCAT. . means that primers tmust flank the central CCCC,

Ezcluded E g 401,77 68,3 forbads selection of primers i the 7 bases starting at 401 and the = bases at 62, Or marlk the

Eegions: source sequence with < and > e g | ATCT<CCCC>TCAT . forbids primers in the central CCCC

Froduct Size Fanges | 150-260 100-300 301-400 401-500 501-600 601-700 7071-350 851-1000

Humber To Eeturn |5 Ifam 5" Stabiity | 9.0
Wlax Eepeat Wispriming |12.00 Pair Wax Eepeat Misprirmung | 24.00

Iae Template Mspnming (12.00 | Pair Iax Template Tispriming |24.00

[ Fick Prirmers ] [ Reset Form ]

General Primmer Picking Conditions

Primer Size  IMlinc (18 Ot |20 Wfam |27

Prirner Trm Min: (R7.0 Cpt: (B0.0 Ifas: |63.0 Wlax Tm Difference: 1000 | Table of thermodynarmic parameters:  Breslauer etal. 1956 V

Product T Min: Cipt: Mlax

Prirner GC% Min: 20.0 Cipt: Mlaz: |80.0 _
W

Hokovio




@ Primer3 OQutput (primer3_results.cgi release 0.4.0) - Mozilla Firefox E]@

soubor  Uprawy  Zobrazeni  Historie  Zalodky  Mastroje  Mapowéda

6 A c gt W httpaFrodo.wi.mit, eduycgi-binfprimer 3-web-cgi-bin-0,4.0/primer3_resulks. cgi Nl "l- “;.

Y Primer3 Output {primer3_results.cgi... -+ -

FRIMER PICEING RESULTS FOR 3A44kb001 [org=S3taphvlococcus aureus] [sStrain=CCHM 835] [clone=7/IV] Staphylococcus aure

No mispriwming likbrary specified

Uzing l-kbased sequence positions

OLIGD ztart len T g any i' zeq

LEFT FRIMER 159 25 57.21 F2.00 6.00 2,00 AATCAAGCACACTCAAATAGTGTTL
RIGHT FPRIMER 429 25 55.40 F6.00 4.00 3.00 AACTCCTATGAAGACAMRCCTTTTTC
SEQUENCE SIZE: 2052

INCLUDED REGICHN 3IIZE: Z052

PRODUCT SIZE: 271, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 3.00
TARGETS (start, len)*: 200,200

1 GAATTCAAAACCAG ARG TG TGAAALAGCCATTACCAAGTAAAGATALTTTGGCTAT

61l ATTGTATGGAGAAGGATTTCATATTTGTARRAGGC GAATTATTTGGAAAACATCGACAT GG

121 TGAAGATTGTCTGTTCTGTTTAGAAGTTTTAAGTGATTAATCAAGCACACTCARATAGTG

el e e e e

131 TTATAATTATAAATGAATATGGTTTGGATAAGTC TGAGACAATGCATGTTTCAGECTTTA

e e e e e i ol e el el e e

241 ATTGTGTATAAAGTTTTGGTGATTGCATAAGAGATGGC GG TACTAAATGTTATTATTALG

e e e i e e e e el el el e e o

301 ToTGCACGCAGTATCATTAGTTATARAATGTAGC TGTTARAAGTCAAAAATACATCGAAT

e e e i e e e e el el el e e o

36l GTAGTTAGGCATATAATATAAAAAGAGTTTTCAATTACTCAATAGAAAAAGGTTGTCTTC

e e i e e S S S

£ >
Hokovio




Ny

Oligo — priklad komercniho software

| £/ Oligo 7 Demo - Human elF-4E.seq E]@
File Edit Analyze Search Select Change View ‘Window Help

BRSNS AR
91, Sequence E] .

&y

File: Human elF-4E . zeq
DA Sequence Selected Oligo  Position Length & Feature Lacation
Sequence Length: 1868 nt | J©) & Forward Primer 37 22 1 |=source -15.1830
Reading Frame: +1 Ji) B |Reverse Primer | 1061 bl
Current Oligo Lenogth: 2t | ST B Upper Oligo 955 il
Position: 956 O Lowver Cligo - -
5| b 494°% | D PCR Product [65,—] rt
|1 ISCI |1Cl:l I15l:l IZ:I:I IE-I:I IJl:l:l IJSIZI |d-I:l:l |4SIZI |5l:l:l I!Eﬂ IGIZIZI IGSIJ ITCIZI I'F‘Sl:l ISl:l:I ISE-D IB:I:I IESI:I |1Cl:l:I |1CEIJ |11l:l:I |115IJ |12l:lj |1E|O |1Jl:l:l |135l:l |14I:l:l IM&D |15l:l:l I155l:l |1El:l:l ||E|5l:l Iﬁ'Cl:l I1?‘5l:l |1Sl:l:l
pos: | | trt: | |
ceewo 9000880, 88,8 %8, e, e, e e, e, o8, e, 19, 1980
TGECATTTCTATACTTTACAGG
ACATACAGATTTTACCTATCC
AT TACCATTAATTACATACAGAT T T TACC TATCCACAATAGTCAGALLLCARCTTGGCATT TCTATACT T TACAGGALA LALLM TTCTGTTGTICCATTT TATGEAGAAGCATATT TTGCTGETT TRALLGATTATGATGCAT
TALTGGTAATTAA TG TAT T C TAAA A TG TAGET G T TATCAGTC T T T TG T T GAL CC CTAAL GATATGAAA TG TCCT T T I T T T TAAGACALAC AL GETALMALTACGTCTTCGTATARLAC GACCARLCTTTCTAATACTACGTA
CGACCAMACTTITCTALTACTA
r T I W ¥ I o I L P I HN 5 0 KTTWHU FY¥YTILDOQJQEZ KKV FTCTCS3TIILCZESTIFTLCTWFETERTL - CTI
<] —— B

eady...




Vysledky poskytovane programy pro navrh
oligonukleotidu

Vybér optimalniho paru primeru
Sekvence primeru

Délka primeru a hodnota Tm
Velikost produktu

Posouzeni sekundarnich struktur
Podminky reakce

Alternativni primery



Electronic PCR (e-PCR)

Vétfina programu pro design PCR-primeru je omezena délkou
templatu

Posouzeni faleSnych vazebnych mist idealné vyzaduje praci s
celogenomovou sekvenci nebo Casti databaze

e-PCR oznacuje vypocetni Sequence Tagged Site
postup, ktery se pouziva k

—- ——————— Seguence
prohledavani sekvenci g " prier 2

DNA s cilem nalezeni
jedineCnych mist, které

odpovidaji vysledkum TR ATETE I\
PCR CATACALLGL Ia‘a COACAT IL:.IA. ACATCOGLTGATAC Sequence
Nastroje Ize vyuzit pro
eliminaci faleSnych Conigues: Word CATTGTGTAGAT) -mo:match
pozitivnich vysledkl nebo

. , Discontiguous Words AT-GT-TA-AT match
design degenerovanych C-TT-TG-AC-T no match
UniverZélnl’Ch CA-TG-GT-CA- no match

oligonukleotidu —W—



NCBI
Primer-
Blast

NIH

Primer-BLAST » Jos ID:8vgtmkbiSOpscNtllhX_R6wOTnWEHfVogA

U.5. National Library of Medicine

Primer-BLAST Results &

Sign in to NCBI

lcl|Query_1
1-1768

Input PCR template
Range
Specificity of primers

(Organism limited to Staphylococcus aureus subsp. aureus)

Other reports B Search Summary

©Graphical view of primer pairs

Primer pairs are specific to input template as no other targets were found in selected database: Nucleotide collection (n

length 218

2 Query_1~ | Find: lQac al @, i = AiTools~ | ¥ Tracks- 2 P -
Eaa |28 [ | 4@ 5@ [ [ |z ELeLE [tk [tiee  [LEee  [L368  [1488  |LEGB 166G 1,764
(U) Primer pairs for job EBvgtmkbiSOpscNtllhi¥ RewOTnWBHEV.. =i

Primer 1 %—é
Primzr 2 % é
Frimar 3 % é
Frimer 4 %, é
Frimer & % é
Frimer & %—é
Frimar ?%—é
Frimer 8%—%
Primer 9% é
Frimer 18 %—é
L |10 [ |30@ 406 |se@ [t ECE] a0 BT LE 1186 Lze@ L3 [L4B@ [LSEE |1660 1,764
Query_1: 1..1.8K (1,768 nt) B # Tracks shown: 2/4
=) - -
Detailed primer reports
Primer pair 1
Sequence (5"-=3) Template Length Start Stop Tm GC% Self . Self 3 .
strand complementarity complementarity

Eﬁr:r’d AAAACCCTGGCGTTACCCAA Plus 20 1420 1439 60.11 50.00 5.00 3.00

Reverse .

primer CTATGCGGCATCAGAGCAGA Minus 20 1637 1618 59.97 5500 7.00 2.00

Product



PCR Primer Mapping
— UCSC In-Silico PCR

http://genome.ucsc.edu/cqgi-bin/hgPcr?db=mm9

Home Genomes Blat Tables Gene Sorter Session FAQ Help

UCSC In-Silico PCR

Genome: Assembly: Forward Primer: Reverse Primer:
Mouse v Jul.2007 |~ TGCACCACCAaCTGCTT GGATGCAGGGATGATG
Max Product Size: 50000 Min Perfect Match: |18 Min Good Match: [18 Flip Reverse Primer: [

About In-Silico PCR
In-Silico PCR searches a sequence database with a pair of PCR primers, using an indexing strategy for fast performance.
Configuration Options

Genome and Assembly - The sequence database to search.

Forward Primer - Must be at least 15 bases in length.

Reverse Primer - On the opposite strand from the forward primer. Minimum length of 15 bases.

Max Product Size - Maximum size of amplified region.

Min Perfect Match - Number of bases that match exactly on 3' end of primers. Minimum match size is 15.
Min Good Match - Number of bases on 3' end of primers where at least 2 out of 3 bases match.

Flip Reverse Primer - Invert the sequence order of the reverse primer and complement it.

Output

When successful, the search returns a sequence output file in fasta format containing all sequence in the database that lie between and include the primer pair. The fasta header describes the region
in the database and the primers. The fasta body is capitalized in areas where the primer sequence matches the database sequence and in lower-case elsewhere. Here is an example:

>chr22:31000551+31001000 TAACRGATTGATGATGCATGAAATGGE CCCATGAGTGGCTCCTAARGCAGCTGC
TtACAGATTGATGATGCATGAAATGEGggOtggCcCaggggtggggggtga
gactgcagagaaaggcagggctggttcataacaagotttgtgogtecocaa
tatgacagctgaagttttccaggggctgatggtgagoccagtgagggtaag
tacacagaacatcctagagaaaccctcattccocttaaagattaaaaataaa


http://genome.ucsc.edu/cgi-bin/hgPcr?db=mm9

Pokrogéily navrh primeru

Alelové specifické primery

Molekularni diagnostika
Vicenasobné detekce - primery pro multiplex PCR
Zajisteni kompatibility primeru v reakci

Konsenzni primery

Vyzaduje identifikaci konzervativnich oblasti na

zakladé mnohonasobnych pfilozeni sekvenci (multiple
alignment)

Pro klonovani
Pro mutagenezi

Primery pro modifikaci koncu produktu PCR



Modifikace koncu DNA,
Pripojeni sekvenci prostirednictvim 5‘-koncu primeru

Cilova sekvence

5' 3
3 S
Denaturace l a pfipojeni primert 1 a 2 ;
G | sticky foot*
) o 29
sh TTAAGCCGG  5'
Primer 1 Primer 2
) 3
< 5
l S Pridavané sekvence
RE mista
5 GCGCAAGCTT GAATTCGGCC Terminatory
3 CGCGTTCGAA C%GCCGG Translacni

signaly



Zdroje pro navrh multiplex PCR

NCBI/ Primer-BLAST
MultiPLX (http://biocinfo.ebc.ee/multiplx/)

PrimerStation (http://ps.cb.k.u-
tokyo.ac.jp/index.html)

Lidsky genom
Specifikace exonu
VylouCeni variabilnich oblasti se SNP

Oligo Explorer (http://www.genelink.com/tools/qgl-
0e.asp)

Posouzeni dimeru primeru v multiplexovém
usporadani



http://bioinfo.ebc.ee/multiplx/
http://ps.cb.k.u-tokyo.ac.jp/index.html
http://ps.cb.k.u-tokyo.ac.jp/index.html
http://www.genelink.com/tools/gl-oe.asp
http://www.genelink.com/tools/gl-oe.asp

Webové zdroje pro design primeru
pro real-time PCR

NCBI Probe Database

RTPrimerDB

Primer Bank

gPrimerDepot

PCR-QPPD

PerlPrimer

Komercni databaze (naprf. ROCHE,...)



NejCasteji pouzivané softwarove
baliky pro manipulaci se sekvencemi

Geneious (Biomatters, Inc., New Zealand)
Ugene (http://ugene.net/) freeware
CLC Genomics Workbench (CLC bio, Cambridge)

Vector NTI® (Life Technologies, Carlsbad, CA)
Bioinformatics Toolbox rozSifreni pro MATLAB®

Hitachi DNASIS® MAX Sequence Analysis
Software (Helixx Technologies, Inc., Canada)

DNASTAR Lasergene (DNASTAR, Inc., Madison, WI)
Accelrys GCG Package (Accelrys Inc., San Diego)



http://ugene.net/
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