Manipulace se sekven€nimi daty



Typy jednoduchych
bioinformatickych analyz

1. Pristup k datum a konverze formatu
2. Konverze dat, hledani

3. Vypocetni analyza sekvenci

4. Sestaveni celogenomovych sekvenci
5. Manipulace se strukturnimi daty

6. Navrh oligonukleotidu



1. Pristup k datum

Pristup k nukleotidovym databazim
NCBI
EBI
DDBJ
Pristup k proteinovym a strukturnim databazim
PDB
Zobrazeni zaznamu v databazich
Ziskavani dat
Konverze formatu
Editace
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Sdileni dat v zakladnich databazich

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

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

EMBL European Bioinformatics Institute (EBI)
European Bioinformatics Institute

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

€ = EXPASY http.//tw.expasy.org
B Expert Protein Analysis System



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

Zapis sekvence

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

DNA nebo RNA od 5°-kance k 3*-konci

5’ CAAACGTCGTCTATCAGCATTAG 3’
protein od N-konce k C-konci
(NH,-) KRRLSALGPGGLTRR (=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
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Standardni kody pro sekvence
nukleovych kyselin podle IUB/IUPAC

A 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/AIT (not C)

A/CIT (not G)

G/C/A (not T)

A/G/CIT (jakykoli)

mezera (gap) neurcené delky

ST A << T CHGGO

Z2 < I OW s’



Vyuziti zapisu s degenerovanymi
nukleotidy

TACGGT
TATAAT
TATAAT
GATACT
TATGAT
TATATT

Konsenzni sekvence: E¥No VGl

TATRNT



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<X<S<CH0WDVDOUTZZIrX—-—IOMMOO®mD>



Bezné formaty sekvenci

http://orion.sci.muni.cz/kgmb/bioinformat/seq samples.htm

Prosty text

FASTA

FASTQ

Genbank

EMBL

GCG

PIR

ASN1

Vystupni data sekvenovani: ABI, AB1, SCF,
SFF, BAM, SAM, FASTF aj.
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http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm
http://orion.sci.muni.cz/kgmb/bioinformat/seq_samples.htm

Formaty sekvenci obsahujici
mnohonasobna prilozeni

Multi FASTA
Phylip

PAUP / NEXUS
Clustal

MSF






Muze obsahovat vice sekvenci

Zacina specifickym zahlavim (,,>)
Priklad:

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

Obsahuje informaci o kvalité stanoveni sekvence
Priklad:

@HWUSI-EASI00R:6:73:941:1973#0/1

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

+
!"*(

(((***+) ) 355++) ($%5%%) . 1*¥**—+*x'")) **55CCF>>>>>>CCCCCCCHS
Nejnizsi kvalita nejvyssi kvalita

I"#$%8&'()*+,-./0123456789:;<=>? @ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]*_abcdefghijkimnopgrstuvwxyz{[}~




Zacina radkem s jedineCnym 1dentifikatorem (ID), nasleduje anotace™.
Obsahuje mnoho riznych deskriptort
Sekvence zacind symboly SQ a sekvence je ukoncena ,,//*

Muze obsahovat vice sekvenci

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 ccgtgcecccgc cggagacccc aacacgaaca ctgtctgaaa
tgagttgatt gaatgcaatc agttaaaact ttcaacaatg gatctcttgg

//

and 18S

catccgtgtc
ggcgcctctg
gcgtgcagtc
ttccggce

60
120
180
237






Moorella_thermoocetico ATCC_39@73_-_rno.4@ 0 ======---- GTTTEATCCTROC TCAGGACARACGCTGLCGGCGTGCCTAACACATGCAA
Armonifex_degensii _KC4_-_ra.5 00000000 ====m=s AGGOTTTEATCCTROCTCAGGACCAACGC T GOCGOCOTECCTAACACATGCAA
Armonifex_degensii WKC4_-_rna.31 0 ===emes AGGOTTTEATCCTGOCTCAGGACCAACGC T GLCGLCOTECCTAACACATGCAA

Candidatus_Desulforudis_oudaxviator _MP104C_-_DAUD_RSGR7E TTTATCOAGAGTTTGATCCTGGCTCAGGACCAACGLTGRCGELATCLCTAACACATGIAA
Candidatus_Desulforudis_audaxviator _MP104C_-_DAUD_RSGE92Q@ TTTATCGAGAGTTTGATCCTGGCTCAGGACCAACGLTGRCGCLATELCTAACACATGCAA

AEEFAXEEN : EEXREXXFEERRERXDIEEEN : EEXBEXXRERRAXE XX R ENXREREX X ERED

Moarella_thermoocetica ATCC_39873_-_rna.4@ ETCGALCGATCTTTAATTGRCAAATCT TCLOATCOAACCOATTAAAGATAGCGGCGGAL
Armonifex_degensii_KC4_-_rna.5 GTCGAGCGGRLECTT= ===~ GTCAGGECCTTOTGT - = - - CCTROCAAGT TRAGCGGCGGAL
Armonifex_degensii_KC4_-_rna.31 CTCGALCGGRLCTT-==~=~ GTCAGGGCCTTOTGT - - - - COTGOCAAGT TRALCGGLGGAL
Candidatus_Desulforudis_oudaxviator _MP1O4C_-_DAUD_RS@A7E@ GTCOTGOGA---TTOAGAGGTCAGCATCTCACTT----CTCAA- -~~~ GALCGGCLGALC
Candidatus_Desulforudis_oudaxviator _MP1O4C_-_DAUD_RS@E92@ GTCOTGLGA---TTOAGAGGTCAGCATCTCACTT----CTCAA- -~~~ GALCGGCLGALC

k¥ XEXK. EXER.Kk  EX  F. cikia X e o kXL FREEEXEEED

58
53
53
o
o

118
183
183
a7
a7



Poznamka k pouzivanym fontim

Proporcionalni fonty

Arial, Times
Kazdy znak - jina $itka gaattrtttt
Nevhodné pro zapis cttaaaaaaa
sekvence

Neproporcionalni fonty
Vhodné k pouziti gaattttttt

VSechny znaky stejna Sika cttaaaaaaa

Courier, Monospaced
K editaci jsou vhodné editory, které neukladaji informace o
formatu textu (Notepad, vyvojarské editory — PSPad, aj.)

Nektere formaty jako napf. GCG obsahuji vnitrni kontrolni
soucty



Surova data — elektroforetogramy ze
sekvenovani v kapilare

& Lip1-iLabl - Chromas = | B i
Eile Edit Options Help

Ruzné formaty & | v (8 o a

Open 5Save Export | Print | Mext Find sample: Lipl-il Base 132
. 100 110 120 130
* abl TCCCCG TG CCGCG G TCCATCACA CT CAACACCACAT AAGGEGCAG
. F v F R 5 I T L N T T * G A v
F E & & v H H T 0 H H I R R g

*.abl

*.scf
ProhlizecCe

Chromas Lite

ABIView
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Jednoducheé formaty sekvenci maji
omezeni a neobsahuji

Data o expresi genu
Variace a polymorfismy
WWW odkazy na dalsi informace

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

Informace o kvalité



Konverze formatu sekvenci
UNIX-GCG

To Genbank, To Fasta....
From Genbank, From Fasta...

READSEQ, SEQRET
http://www.ebl.ac.uk/Tools/sfc/readseq/
SMS — The Sequence Manipulation Suite v2

http://www.bloinformatics.org/sms?2/
EMBL to FASTA
GenBank to FASTA

Reverse Complement
Filter DNA / Protein

Nucleic Acid Sequence Massager

http://www.attotron.com/cybertory/analysis/seqMassager.htm


http://www.ebi.ac.uk/Tools/sfc/readseq/
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2. Manipulace se sekvencnimi daty

Prevod informace mezi retezci

* Reverse-complement

Hledani motivu

. Presné
. Podobné

Prepis a preklad podle ustredniho dogmatu

 Transkripce
 Translace — geneticky kod

Sekvencni prilozeni
 Parové, stanoveni identity a podobnosti
e  Mnohondsobné, identifikace konzervativnich motivu

Assembly — kompletace a sestaveni genomu

Spojovani, rozdelovani

*  Restrikéni stépéni

 Klonovani in silico, konstrukce vektort a rekombinantni DNA pro pfipravu
protein(



Prevod informace mezi retezci

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

>Sample sequence 1
5’ CCRGGATATGATCTKCG 3’


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

Hledani motivu v sekvencich

Hledani slov = usporadana mnozina znaku

GAATTC
GARYTC
GAAN (1-50) TTC



Standardni priklady hledani

RestrikCni mista
Repetice

primeé

Obracené (vlasenky se smyckou)
Konsenzni vzory
Uzivatelem definované vzory
Otevrené cteci ramce

>

Zaklad pro hledani genu a funkénich oblasti



Restrikéni analyza in silico

RestrikCni endonukleazy tridy Il

Sekvencné specifické endonukleazy, které stepi 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
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Software pro restrik€ni mapovani

Konstrukce restrikCnich map na zakladé analyzy sekvence DNA —
vyhledani restrikCnich mist

Nezbytny predpoklad pro klonovani
Interpretace RFLP polymorfizmu
Simulace vysledku gelové elektroforézy restrikCnich fragmentu
Virtualni klonovani
Vytvoreni kvalitni grafiky ilustrujici restrikCni mapy
RestrictionMapper (http://www.restrictionmapper.org/)
WebCutter (http://www.firstmarket.com/cutter/cut2.html)
NEB Cutter v2.0 (http://tools.neb.com/NEBcutter2/)

EMBOSS Restrict
(http://bioweb.pasteur.fr/seganal/interfaces/restrict.ntml)

Restriction Maps
(http://arbl.cvmbs.colostate.edu/molkit/mapper/index.html)

PDRAW32 (http://www.acaclone.com/)
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Vysledky restrikéni analyzy in silico

Enzymy — vystup tabulka

kompletni sada

Komercni sada

Ktere sekvenci nestepi

Ktere stepi — pocet a pozice rozpoznavacich
mist

Linearni nebo kruznicova mapa sekvence se

znazornenim pozice restrikCnich mist
Grafika

ldentifikace ORF a translace do proteinu




NEB Cutter

http://tools.neb.com/NEBcutter?2/

e' —> |:——"=;, http://tools.neb.... O~ B & ” (=¥ NEBcutter

[E=N ECR ==

AN E
&‘, .\-l'_":'n'-'n'.' WCALANT P
Rt}fﬂbs..._ Circular Sequence: 108752

Displav: - NEB single cutter restriction enzymes

- Main non-overlapping, min_ 100 aa ORFs

GC=51%., AT=49%

Cleavage code
I | blunt end cut

.| 57 extenzion

| 37 extenzion

T | cuts 1 strand

Pcil
AFLIII

DRFs: ESF’?I
a: 286 aa ;p w1
h: 133 aa =8
c: 1158 aa

E=etlI

AlwNI

*T=pMI
#Awal
*3mal
EamHI
“hal
#Sall
*Rccl
*HincIl
ShFI
PstI
BFfuAl
BzpMl
Sphl
HindIII

Szpl

|He].p| |Cumment5|

Enzume name code

Available from MEE

Has other supplier

Mot commercially available

#: cleavage affected by CpG meth.
#: cleavage affected by other meth.
(enz.name): ambiguous site

WARNING: Mot all enzymes shown
See linear displau

#PLUTI #5F0l #Narl #KasI

BatpPl Hoel

Eco0l109]1
FRatll #Zral

Amnl
MmeRIII *Bogl
*B=rFI Scal
EpmI W
Bzal

+.100% -



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

Vyhledani otevienych étecich ramcu

ORF (Open Reading Frame)

Sada prekladanych kodonu mezi iniciaénim a
terminacnim kodonem

Vysledek je zavisly na pouzitem genetickém kodu
U prokaryot, které nemaji introny je zakladem
hledani genu

U eukaryot zpravidla vyuzivame analyzu sekvenci
komplementarni DNA (cDNA)



ORF Finder (Open Reading Frame Finder)

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

= ORF Finder x

€« >2C H DW.n.cbi.nllm.nih'.gowl“gorf_;“' | - - - w| M, =

ORF Finder (Open Reading Frame
W@E Finder)

PubMed Entrez BLAST OMIM Taxonomy Structure

NCBI The ORF Finder (Open Reading Frame Finder) is a graphical
analysis tool which finds all open reading frames of a selectable
minimum size in a user's sequence or in a sequence already in the
Tools
for data mining da.tabase' . . .
This tool identifies all open reading frames using the standard or
GenBank alternative genetic codes. The deduced amino acid sequence can be
sequence saved in various formats and searched against the sequence
submission support database using the WWW BLAST server. The ORF Finder should be
and software helpful in preparing complete and accurate sequence submissions. it
ETP site is also packaged with the Sequin sequence submission software.
download data and
ctware Enter Gl or ACCESSION
or sequence in FASTA format
BF313857
>bac
p TCG(
FROM: TO: GGT
Genetic codes TTCT

|11 Bacterial Code I~ ) CTTT
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Translace in silico

6 moznych Ctecich ramcu
Vymezené oblasti - exony

Ja

Ky geneticky kod?
Databaze genetickych koédu v NCBI

nttp://www.ncbi.nim.nih.gov/Taxonomy/Utils/wp

rintgc.cal
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EMBOSS Transeq

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

B
6 @| http://www.ebi.ac.... O ~ & cl ' EMBOSS Transeq < Sequen... * {3 oo 60d
EMBL-EBI Services = Research | Training | Industry = About us x
Input form Web services Help & Documentation <, Share ®. Feedback
Tools > Sequence 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 DNA/RNA V|sequences in any supported format:
O, 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. N
— IR (Reverse three frames)
6 (All six frames) #.100% ~
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Priklady translace in silico
a&g %ﬁi%ﬁypemu‘ﬂe Fortal

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

5'3 Frame 1

LLIOQQAKSNSDTTP

5'3 Frame 2

Y-SHNELNRTVIQRROCHWILVVOCHRV--ATGWELESIAF-LE-IVIEL-AQSLHVWE-I

-LEHHYLNLY-NTS5-F
KL-QIVEILSLHAVVAVFQL-EEEKIFP

'3 Frame 3

INPTS-TEQ-HNAGNATGYLWCHNVIGYDRLLVGN-NOSHFN-NE-——-NHCRHNRYTCGSE—
R-5TI--PN-THWSFLYERRS-RITERTARLSL-RRCRTWL-ESSCVITISIYIRTEPVNS

NFSRR-KYCHCHRWNRESSYRRRRYE -RC- S



Priklady translace in silico
EMBOSS Sixpack

Input form | Web services | Help & Documentation

Results for job emboss_sixpack-120141006-192122-0940-32029869-oy

S (=110 Bl | Tool Qutput || Submission Details

Download Sixpack File
EMBOSS 001

L L. I ¢ Q¢ &2 KK S5 NS5 DTTUPARMUPTLTIDT Fl
¥ * 5 N KL B RTWVTOGQURZEOQCHTWTIL F2
I W P T3 * I EQ * HENU&ABSGDHNA ATIGTYL F3

1 TtatthaTccallChaGCTARa tCGRRACAGTGACRACARCGOCOGECARTGOCATTGGATACT a0

=] : | =z I :

1 BataaTthgotTGTtOGATTtaGCTIGTCACTGTGTTGOGEOCGTTACGETARCCTATGE a0
¥ W I wC&ALUDV FILS3SWVV GLA2IGHNZS VWV Fa
¥ I L. ¢ v L * I 5 € H ¢ L & P L A M P ¥ FS
* *+ b L L 5§ F RV TV CERUBERICHWQQTIS5 F4

Cc 6 a2 M 5 06 M TIOGTYWIUILETETIUH T RTI Fl

VvV v g C<CHEWV * * 38 I G W HKTILEKS5 I 2aF Fz

W NV T &G Y DRILLWVGN * N QS5 HF F3

8l TGIGETGCRATGTCACAGGETATGATAGGCTATTGGTTGGARRCTGRARATCAATCGCATT 120

i—| : | T Attt I :

el RCRCCRCGTTACRGTGTCCCATACTATCOGATRARCCRRCCTTTGACTTTAGTTAGCGTAR 120
Qg P A I DCUPTITIUP®* QNS5 WV S5 TITULZEREM Fa
K HHLTTWVU®P?PZY 5L 5 NTUPVFOQT F * D C F3
T T ¢ #H *# L T H ¥ A I P Q F 5 F D I & N F4




Manualni translace dle gentického kédu

STANDARDNI GENETICKY KOD
Aminokyseliny = FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAAAADDEEGGGG

Start = - e
Bazel = UUUUUUUUUUUUUUUUCCCCCCCCCCCCCCCCAAAAAAAAAAAAAAAAGGGGGGGGGGGGGGGG
Baze2 = UUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGGUUUUCCCCAAAAGGGG
Baze3 = UCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAGUCAG

Ramec +1

DNA : ATG GAT GTA AAA GAA ATT AAT TAA

mRNA :

Protein: M D

Ramec +2

DNA : A TGG ATG TAA AAG AAA TTA ATT AA

mRNA :

Protein: W M *




Klonovaniin silico, konstrukce vektoru

Kombinace segmentu sekvenci
znamé/nezname funkce
Plazmidy
prebirané z databaze
zpravidla zname funkce
regulacni sekvence pro expresi
Inzerty — obvykle nové sekvence

C
C
C

Nomenk

nalra
nalra

nala

Kterizovane restrikCni mapou
kKterizované sekvenci DNA
kKterizovaneé funkci

atura pro konstrukty neni stanovena



Clone Manager (Sci-Ed Software)

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

-

Clone Manager | = ” (=] ||£h|
File View Clone Map Prmer Align  Discover Operations Window Help
D@L EalEmiaaFxr=ehz=2E22 2 #5R
SYNPUC18V (2686bps) || (]
H%| @ | PR XS R
Apol :
EcoRI ¥  Enzyme Sites 44
Banll -~
Sapl Eco53kI Mame Pos Type
Sacl Apol 230 sc §
o ﬁ;ﬁ?m EcoRI 230  sc §
ﬁ;?i Aval Banll 235 sc 3
Gsal r smal Eco53kI 236 sc bl |=
Bsayl 5fol Xrmal
58 BstAPI BamHI sacl 235 sc 3
Mdel .
. ¥bal AccE5I 242 sc 5§
Al Accl ,
H"—ICII KI:IFII 242 s 3
Pfol Sall Aval 245 sc §
EE%MI Smal 246 sc bl
Ecsl?l':'gl Pstl ¥mal 245  sc §
d Sphl .
Zral HindII EamHI 251 sC 5.
Sepl ¥bal 257 ac §
P Accl 263 s §
HincTT 263 sc bl
Ahdalgal Xrnd Sall 263 sc §
BarFl Scal BispMI 257 sc &
Bpml Tsol '
N AL Shfl 268 aC 3.
Pstl 269 sC 3
Sphl 275 s 3 i
Map | RMap Sequence Features Info
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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 prilozeni

a rekonstrukce sekvence



De novo assembly

* Nezavislé na referenCnim genomu
 Parametry

Délka Cteni
Pokryti genomu (coverage)

» Velké mnozstvi dostupnych algoritmu

Znakové metody
Grafové metody

* Vypocetne narocné



Princip hledani prekryvu

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

Mapovani a rozsireni sekvencnich prilozeni

TACA TAGATTACACAGATTACT GA

< || TTELTEETEETEEr TR 1] e
TAGT TAGATTACACAGATTACTAGA

k-mer size

optimum



Mapovani

Vytvoreni sekvencniho pfilozeni z jednotlivych Cteni



Repetice jsou pricinou rozdeleni

genomu do kontigu

RPT A1

AN

= — W X W

Kontig tvoreny jedineCnou sekvenci,
Cteni z mnoha podobnych repetic ohraniceny repetitivnimi sekvencemi

vedou k vytvoreni kontigu
s pozménénou strukturou



Grafové metody vyuzité v de novo
sestaveni

« Dva pristupy
OLC (overlap layout consensus)
DBG (de Bruijn graph)

« Graf je vygenerovan s pouzitim cCteni a jejich
prekryvu
« OLC

* vrcholy (uzly) sestavené sekvence
hrany mezi vrcholy reprezentuji prekryvy
* optimalni pridchod — kazdy vrchol je navstiven pouze jednou

« DBG

e vrcholy (uzly) jsou prekryvy
hrany mezi vrcholy reprezentuji unikatni sekvenci kazdého cteni
* optimalni prichod - kazda hrana je navstivena pouze jednou



Priklady assembleru

Znakove
. SSAKE
« VCAKE
Grafoveée
OLC (overlap layout consensus)
* Celera
* Edena
* Newbler

* SMRT Analysis
DBJ (de Bruijn graph)

* EULER

* Velvet

e SOAPdenovo

e ALLPATHS-LG

« MIRA

 SPADES

* A5-miseq



Znazorneni repetic v grafu

QA

Kratka Cteni, hlavni pricina omezeni kompletniho
sestaveni

Stejna sekvence se vyskytuje v genomu vicekrat
Délka Cteni neni schopna preklenout tuto repetici
Pokryti muze indikovat multiplicitu

)G



Priklad de Bruijnova grafu u
plasmidu




Priklad de Bruijnova grafu u
mikrobialniho genomu (lllumina)

ooy aobsep o For Moe oo " ) &, %60 ¢

[— L e R e [ s R s i s R s s s e
[ R e [ e [ e e ) e
= =




Hybridni assembly a bridging

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

* Dlouha cteni: 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 Muliple ;ﬁgﬁﬂ;ﬁ O Bridged graph

y— . bridge
s — ]
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Odvozeni konsenshni sekvence,
Identifikace jednonukleotidovych
polymorfismu

TAGATTACACAGATTACTGA TTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAAACTA
TAG TTACACAGATTATTGACTTCATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGGGTAA CTA

TAGATTACACAGATTACTGACTTGATGGCGTAA CTA

Derive multiple alignment from pairwise read alignments
Derive each consensus base by weighted voting



3. Vypocetni analyza sekvenci

Pocet residui

Frekvence residui

Analyza vyuziti kodonu

Design oligonukleotidu a primeru



Analyza vyuziti kodonu (codon usage)

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

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

The Human Codon Usage Table
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Navrhovani sekvenci primeru pro PCR

Standardni primery

Modifikované
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 :

Step 1 : denaturation

’ %WW""W‘W% o

l T |
M (I gt

1 minut 94 °C
! i | [T

i|||||1 ‘

VTN 3 Step 2 : annealing
oy | 3

45 seconds 54 °C

| | ' -
| HTTHEITTT 3 Step 3 : extension

[
- = I il
> = - \ /

2 minutes 72 °C
only dNTP's




. PCR - Syntéza obou retézcu u specifické sekvence
, 3

TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC
AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG

3 1 5
Piimy (forward) dNTPs

S’ primer 3 v

TTGAGAAAGGAATAAGC ~ PNAFOL

AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG

3 5
5 3
TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC

<—pNnAPOL " TCTTTAGCTCATATACG

/ 3’ 5°

dNTPs Zpétny (reverse) primer
5’ 3 9
TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC
AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG
3 5’
5, 3 9
TTGAGAAAGGAATAAGCAGAATTCGTTCCAAAAAGAATGAGCTGTTGTTTGCAGAAATCGAGTATATGC
AACTCTTTCCTTATTCGTCTTAAGCAAGGTTTTTCTTACTCGACAACAAACGTCTTTAGCTCATATACG

3’ &



Vybeér vhodne strategie pred
navrhem primeru

K ¢emu jsou primery urceny
Standardni end-point PCR
Sekvenovani
Detekce jednonukleotidovych polymorfizmt (SNP) nebo variaci
Studium metylace
Real-time PCR
Sondy pro microarray
Degenerovana PCR
Multiplex PCR

Z jakych dat vychazime
Jednoducha sekvence DNA / proteinu
Sekvencni prilozeni DNA / proteinu
GenBank ID/Gene ID/rsSNP ID



Pravidla pro design primeru pro PCR

Relativne snadna vypocetni zalezitost —
prohledavani sekvence a identifikace kratkych
sekvenci splnujicich urcita kritéria

Délka primeru

Obsah G+C

Teplota Tm

Specificita

Komplementarita primerovych sekvenci

Sekvence 3'-konce



Jedine€¢nost primeru

Na jedineCnost primeru a jeho hybridizacni
vlastnosti (annealing) ma vliv delka primeru a
velikost templatove DNA

Délka (17 — 28 bazi dlouhé)
Mozna hybridizaCni mista primeru by se take
nemeéla nachazet na DNA tvoficich pripadné

kontaminace vzorku

Templatova DNA

5 ...TCAACTTAGCATGATCGGGTA. . . GTAGCAGTTGACTGTACAACTCAGCAA. . .3
ILLIVVIIOL JVLIOLIVVILIVI DLLDV\’?, LIJ0L

Primer1 5 -TGCTAAGTTG-3’ Neni jedineCny!

Primer 2 5 -CAGTCAACTGCTAC-3’ Jedinecny!



Zastoupeni bazi

Zastoupeni bazi ovliviuje 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 take na obsahu
G+C templatu

Templatova DNA

57

.. . TCAACTTAGCATGATCGGGCA. . . AAGATGCACGGGCCTGTACACAA. . .3
LI9LVOLVIO00IL Lan LD lvf)f)’f)l)f) 1



Teplota Tm (Melting temperature)

maji T, teplotu 50 — 65 °C
T = O,3XTPrimer 4 0’7 >(TProdukt — 25
m m

a

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)
T,=T,=5°C



Vnitrni sekvence a struktura primeru

nejsou komplementarni navzajem na 3’-koncich, takze nevytvareji
navzajem nebo samy se sebou duplexy

neobsahuji vnitfni sekundarni struktury
Chybné navrzena dvojice primeru, ktera vytvari stabilni duplex na 3'-

konci: E'HTTCECCGTTCMF%?FFC 3!
T ETTOGECCTRCCTTTATTTCTC R

Spravné navrzena dvojice primeru, ktera vytvari pouze malo stabilni
duplex na 5’-konci; na 3'-konci je G nebo C zarucuijici stabilni parovani

s templatem:
FCGHHHTHH?HCTH?THHHGCT

N
FOCTTACTCCACECCTAANTACARTCCE

Chybné navrzeny primer, vytvarejici viasenku:
3 T??TTCHT—LGGE
3 ALALADGAGET



Hairpin

3 GGGAAA—
e |
5 TATCTAGGACCTTA-S

3 GGGAA—
I W !

5 TATCTAGGACCTTA—S

Self-Dimer
2 bp Dimer

3" GEGRLAATTCCAGGATCTAT 5@

L1 11 forward primer
' TATCTAGGACCTTAAAAGSGE 3
S TATCTAGGACCTTAAAAGEE: 3

R
4 hp 3 CATGGAAACGTAGGAGAC &
3" GGGAARATTCCAGGATCTAT 5! reverse primer

111
S5' TATCTAGGACCTTALRLALAGGHS 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

Maximalni 3’-koncova stabilita

Maximalizace AG poslednich 5 bazi na 3'-
koncli primeru.



Jedineénost primeru

na matricové DNA nemaji falesna vazebna mista
Nespravné navrzeny primer s faleSnymi vazebnymi misty
na templétové DNA: 5(1029) ARGGCTAGRGRARRRTATGE (1048)3

T T Tt
Mo tttettaccottttt—tacc (9665

5(1029) ARG GCTRGAGARRALTATEG (1045)3
M tttgtattgoattatataco (12105

B'1024) %R?GCT%G%?W?%TGG (1048)3'
JEYE CocattTttottCttatotL (4145

Spravne navrzeny primer, ktery nema falesna vazebna
ml’Sta na templétu: 5(2476) CCTARCATAATCCECACCTCRTTCC (2462)3

e taaatctattagtttacacataacc (H115

52478 CCTl‘TTLTT\.(lj;lDLTl‘AATCCGCAC(FTCATTCC (24523
IEFN caattgtaactataactgogttato (32358

5'(2476) CCTARCATARTCCGCACCTCATTCC (2452)3
g gtattgoattatatacctotgttag (12185

B'2478) CC?‘%\J?.(F%?T—\%\.?CCG(?ACCTCR?TCC (24523
IdeY) atattgta-tatacgaactaaatot (14925
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Kdy je primer jeste primerem?
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Pro navrh primeru se obvykle pouz

specializovany software

Melting Temperalture [21-mer] =———1317|
PUcTS SEQ T 2686y

Graph Zoom Options

[pos:| 20 [Tm:[ 45

Tm

[t [10 ng

[30 [40 [S0

e
[TCGCGCGTTTCGGTGATGACH

[TCGCGCGTTTCOGTGATGACGGTGAARRACCTCTGACACATGCAGCTCCCGGAGACGGTC

IGCGCGCARARGCCACTACTGCCACTTT

GGAGACTGTGTACGTCGAGGGCCTCTGCCAG

TGTACGTCGAGGGCCTCTGE

B R VU S UNTUVK

T S DTCSSRBRRRS

Det display mode

Bar graph mode

Lower Primer False Priming Sites

HMi3MPie

Lower Primer - M13MP18:6310L19 (positive strand)
5 Priming gfﬁciencg of the pgrfect mateh is 428 ggbove the thre;hold)

Lul» | im

Priming efficiency : 428 (above the threshold)

650 g CHos
3'(6328) ccaaaagggtcagtgctge (6310)5°

Priming efficiency : 205 (above the threshold)

5(6328) GGTTTTC(I:CHGTC????(I:? (6310)3"
3°'(626) agcaaatggte--tgetge (610)5°

Priming efficiency : 194 (above the threshold)

111

5'(6328) GGTTTTC(IDCHGTCRCGHCG (6310)3"
3°(808) gtaatatggtcagtectge (790)5°

Priming efficiency : 185 (above the threshold)

5°(6328) GGTTTTCCCAGTCACGACG (6310)3"
3°(5125) tctaagtggtcagtg-tge (5108)5°

Priming efficiency: 121

5(6328) GGTTTTC-CCH?TCHCGRCG (6310)3"
3'(5989) agaaaagtggtc-getctge (5971)5°

Lower Primer - M13MP18:6310L19 (negative strand)
Priming efficiency of the perfect match is 428 (sbove the threshold)

Priming efficiency : 76

5°(6328) GGTTTTCCCAGTCACGACG (6310)3°
3°'(5744) ccaaaaagegggaaactge (5762)5°

<]

[+l
S

O Selected Primers =]
I —— PCEIuS seq
O Current Oligo 8
(9T pCBIu3 :269U21 Upper Primer
5° CG6CGCCAGATCTGGTACCCA 3°
|Sequenee Length: 1842 | Length: 21-mer
Current Oligo (+ strand) 5" Position: 269
5° CCCGCCTGATGAATGCTCATC 3° Tm: " 769 °C
Length: 21 e A6 (25 °C): -46.1 keal/mol
5° Position: 1373 Degentracy: 1
Ton: 72.1 °¢ PE.*: 542/542
46 (25°C):  -42.7 keal/mol 17€: 512 nmol/A260
Degeneracy : 1 33.1 ng/A2e0
e 5“:; cos pCBIu3 8170L21 Lower Primer
17€: e 26U 5° TACCGGGTTGGACTCAAGACG 3°
24.0 g/ Aze0
Length: 21-mer
Current Oligo (- strand) 3° Position: 27
5° GATGAGCATTCATCAGGCGGG 3° Tt 695 °C
P.E.*: 537 46 (25 °C): -41.4 keal/mol
17€- 4.20 nmol/ Azen Degeneracy: 1
i 31.7 pg/ Aen P.E.*: 502/502
17€: 4.89 nmolfAzen
) 32.0 pgf Aze0

PCR

pCBIuseq

Optimal Annealing Temperature: 58.32° (Max: 72.0°)
Position and 5 s
Length Tr [°C] 6C [%] PE.

Product 1352 88.0 513
Upper Primer 37| 21 722 476
Lower Primer 1368 | 21 799 57.1
Product Ty, - Upper Primer Tp,: 158
Primers T, difference: T6

Concentration | | Terminal stability of the |a
Upper Primer 2000 M | | Lower Primer is too high. ||
Lower Primer 200.0 nM
Monovalent Cation |S0.0 mM -
Free Mg[2+] 0.7 mM v

Total Na[+] Equivalent: 1558

1 4

Vv

a



Pogéitacovy navrh primeru

Umonuje rada molekularné biologickych programu

Nektere jsou volne dostupné na internetu
Primer3
Primer3Plus
PrimerZ
PerlPrimer
BioTools
WebPrimer

Kalkulatory vlastnosti primeru

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

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

UCSC In-Silico PCR

AutoDimer
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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| nM Primer

1| Measured Absorbance at 260 nanometers
50| mi Salt (Na™)

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

ph‘miﬂl] Conztant:z Melting Temperature (Tyy) Calculations
Length: 0| Molecular Weight: 4 GC content: % 1 *C (Basic)

1 ml of a sol'n with an Absarbance of 1/ at 260 nm 1 C (Salt Adjusted)

is microMolar 2 and contains micrograms. 3 Lodsee Je il

Thermodynamic Constants Conditions: 1 M NaCl at 25*C at pH 7.

RInk calfi"K*maol) deltaH Kealimol

deltaz Kcalimaol deltas calf{®K*mol)

Deprecated Hairpin/self dimerization calculations

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

4 ¥ [(Minimum base pairs required for a hairpin)

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



Primer 3 ntip:/iprimer3.sourceforge.net/webif.php
r@' Primer3 Input (version 0.4.0) - Mozilla Firefox g@“

Soubor  Upravy  Zobrazeni  Historie  ZaloPky  Mastroje  Mapovéda

6 - c (e N hetpefFrado,wi.mit.edugprimer3/input. htm T T "-'l' _;.

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

@ Primer3 Input (version 0.4.0) - Mozilla Firefox g@

Soubor  Uprawy  Zobrazenmi  Historie  ZaloPky  Mastroje  Napovéda

6 8 C tar AN Rtk fFrada.wi. it edufprimer 3 finput, htm v - | [*g- x

%' Primer3 Input {version 0.4.0) e -
—

[ Fick Frimers ] [ Feset Form . |

mequence Ld: & string to 1dentfy yvour output.

- L E gz 50,2 requires primers to surround the 2 bases at posthions 50 and 51, Or mark the source sequence wath

SHLEEE [and | eg . ATCT[CCCCITCAT. . teans that primers must flank the central CCCC

Ezxcluded E g 4017 65,3 forbids selection of primers i the 7 bases starting at 401 and the 3 bases at 68, Or marlk the

Eegions: source sequence with < and > eg | ATCT=CCCC=TCAT. forbids primers in the central CCCC,

Product Size Banges 150250 100-300 301-400 401-500 501-600 601-700 701-850 851-1000

Mumber To Eeturn |5 Ilaz =" Stabality 9.0
Ilax Fepeat Misprmmg |12.00 Pair Max Eepeat Misprirung | 24.00

Ilax Template Mispriming [ 12.00 | Par hfaw Template Ifispriming (24.00

[ Fick Frimers H Feset Form ]

General Primer Picking Conditions

Primner Size  Min: 18 Opt: 20 Wlam |27

Primer Tmm Whn |57.0 Oipt: |E0.0 Ifans (B30 Wlas Tm Difference: 1000 | Table of thermodynamic parameters:  Ereslauer etal. 1956 V
Product T MWn: Opt: Il

Prirmer GC% Min: 20.0 Opt: Ilaz: (800

Hokovio




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

soubor  Upravy  Zobrazeni  Historie  Zalodky  Mastroje  Mapowéda

6 - c g W httpsfFrodo.wi, mit, edu)cgi-binfprimer 3-web-cgi-bin-0,4.0/primer3_resulks.cgi 7T "l- 7

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

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

MNo mispriwming likbrary specified

UTzing l-kbased sequence positions

OLIGD ztart len T g any i' zeq

LEFT FRIMER 159 25 57.21 F2.00 6.00 2,00 AATCAAGCACACTCAAATAGTGTTA
RIGHT FPRIMER 4z9 25 55.40 F6.00 4.00 3.00 AACTCCTATGAAGACAMRCCTTTTTC
SIEQUENCE SIZE: 2052

INCLUDEDI 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 TGAAAANGCCATTACCAAGTAAAGATALTTTGGCTAT

6l ATTGTATGGAGAAGGAT TTCATAT T TG TAAR GG GAATTATTTGGAAAACATCGACAT GG

121 TGAAGATTGTCTGTTCTGT T TAGAAGT T TTAAGTGATTAATCAAGCACACTCAAATAGT G

el e e e e

131 TTATAATTATAAATGAATATGGTTTGGATAAGTC TGAGACAATGCATGTTTCAGECTTTA

et S e o o ol ol el e el e e e e

241 ATTGTGTATAAAGTTTTGGTGATTGCATAAGAGATGEC GG TACTAAATGTTATTATTALG

e o e ol ol ol e e el e i el il i e e el el e i

301 ToeTGeCACGCAGTATCATTAGT TATARAATGTAGC TGTTARAAGTCAAAAATACATCGAAT

e o e ol ol ol e e el e i el il i e e el el e i

36l GTAGTTAGGCATATAATATAAAARGAGTTTTCAAT TACTCAATAGAAAAAGGTTGTCTTC

e o ol i i ol e el el e il e el o S S S

£ b

Hokowvio




Primer3Plus — rozsifené rozhrani (2007) Primer 3
http://www.bioinformatics.nl/cqgi-bin/primer3plus/primer3plus.cqi

e('?‘l‘—. http:/fwww.bioinf.. O ~ B ¢ ” == Primer3Plus | | S {‘-» €:§
Primer3Manag Help ~
= rimerajianager e
Primer3Plus
pick primers from a DNA sequence About Source Code
. |—| Select primer pairs to detect the given template sequence. Optionally targets and =
Task: |Detection hd included excluded regions can be specified | Plick Primers I | Reset Form
Main General Settings Advanced Settings Internal Oligo Penalty Weights Seguence Quality

Sequence Id:

Paste source sequence below Or upload sequence file: Prochazet. . Upload File

Mark selected region: | <= || [1 || i} || Clear |

Excluded Regions: < | |>

Targets: [ | ]

Included Region: { |}

[ Pick left primer [JPick hybridization probe IIPick right primer or use right primer v
or use left primer below. (internal oligo) or use oligo below. below (5'-=3' on opposite strand).

<
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streamlined primer design for promoters, exons

Primer Z:

and human SNPs

http://genepipe.ngc.sinica.edu.tw/primerz/beginDesign.do

@lxp-

2¢ | ¥ PrimerZ

» Main Menu

¢ Document

» Help

» Release Notes

/

» 2013.07.03
Update Ensembl
database to
release 72.
2013.05.22

Fix bug of
masking indel
snp.

2013.03.05
Update Ensembl
database to
release 70.

-

-

Result Preview

A high performance bioinformatics pipeline for large-scale
human genomic variation studies
assnp 137 Home DB Info : Blog : About Us | Help FAQ History

VarioWatch PrimerZ QualiSeq Affyrmation SeqTool | NCBI37.3 Switch to NCBI 36.3

Primer Z:

streamlined primer design for promoters, exons and human SNPs
Tsai, M.F., Lin, Y.J., Cheng, Y.C., Lee, K.H., Huang, C.C., Chen, Y.T. and Yao, Adam (2007)

PrimerZ: streamlined primer design for promoters, exons and human SNPs, Nucleic Acids
Research, doi:10.1093/nar/gkm383 Full Text

Species
[Human v|
ue B
Primer for [Promoter regions and exons (NCBI) v|

Gene Name (NCBI Official Symbol) Maximum Genes : 200
® Input Genes OuUpload a File

Prochazet

ex. ACE

| Upload Parameters

Mask SNDs
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Oligo

|£:| Oligo 7 Demo - Human elF-4E.seq [._][E]ﬁ

File Edit Analvze Search Selectk Change  Yew  Wwindow  Help
B E Ak
[41. Sequence = >

File: Human elF-4E .zeq
DA Sequence Selected Oligo  Position Lencth & Feature Lacation
Sequence Length: 1868t | J©) & Forward Primer g7 22 1 |source -15.1850
Reading Frame: +1 Ji) @ |Reverse Primer | 1061 21
Current Oligo Lenoth: 2nt | SO @ Upper Oligo 955 21
Position: 356 O Lowver Qligo - -
5| b 494°% | D PCR Product [65,—] rt
S0 00 450 00 (S0 300 350 400 450 SO0 SAD  EO0 S0 TOO TED A00  (BS0  S00 S50 000 (1080 1100 (1150 1200 1250 1300 1350 1400 (1450 1500 1SS0 1ED0 188D 1TOO 17S0 1200
pos: | | trt: | |
ceewo 9800880, 8 8 %, e, ey, e e e e, e e, 1980
TGECATTTCTATACTTTACAGG
ACATACLGATTTTACCTATCE
AT TACCATTAATTACATACAGAT T T TACC TATCCACAATAGTCAGALLLCARCTTGGCATT TCTATACT T TACAGGALA LALLM TTCTGTTGTICCATTT TATGEAGAAGCATATT TTGCTGETT TRALLGATTATGATGCAT
TALTGGTAATTAA TG TAT T CTAAA A TG A TAGET G T TATCAGTC T T T TG T T GAA CC CTAAL GATATGAMATCGTCCT T T I T T T TAAGACAAC AL GETAMALTACGTCTTCGTATARAACGACCARACTTTCTAATACTACGTA
CHACCAMACTTITCTALTACTA
r T I »w ¥ I o I L P I H N 5 0 KTTWHU FTY¥YTIULDOQQEZ KZ KV FTCTCS3IILCZES$TIVFTLCTWPFET RTL - €I
<] [ (2]
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PCR Primer Mapping
— UCSC In-Silico PCR

http://genome.ucsc.edu/cqgi-bin/hgPcr?db=mm?9

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 TAACAGATTGATGATGCATGAAATGGE CCCATGAGTGGCTCCTARRGCAGCTGC
TcACAGATTGATGATGCATGAAATGEEgggtggccaggggtggggggtga
gactgcagagaaaggcagggotggttocataacaagetttgtgegteccaa
tatgacagctgaagttttoccaggggoctgatggtgagoccagtgagggtaag
tacacagaacatcctagagaaaccctocattoccttaaagattaaaaataaa
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Vysledky

Vybér optimalniho paru primeru
Sekvence primeru

Délka primeru a hodnota Tm
Velikost produktu

Posouzeni sekundarnich struktur
Podminky reakce

Alternativni primery



Pokro€ily navrh primeru

Alelové specifické primery
Molekularni diagnostika
Vicenasobné detekce - primery pro multiplex PCR
Zajisténi kompatibility primeru v reakci
Konsenzni primery
Pro klonovani
Pro PCR-RFLP (napr. 16S rRNA)

Vyzaduje identifikaci konzervativnich oblasti na
zakladé mnohonasobnych prilozeni sekvenci (multiple
alignment)

Primery pro modifikaci koncu produktu PCR



Modifikace koncu DNA,
PFipojeni sekvenci prostrednictvim 5‘-koncu primeru

Cilova sekvence
5 3

3 o
Denaturace l a pfipojeni primerti 1 a 2 ;

3 i
sticky foot*
O 2%
3'&_ TTAAGCCGG &'
Primer 2

Primer 1

5' GCGC
Mecrr ol 3

i 5 Pridavané sekvence
l e RE mista
Hindlll Taiget region EcoRl Promotory
5 GCGCDE)‘TT G%TCGGCC Terminatory
3 CGCGTTCGAA CTTAAGCCGG Translacni

signaly



Zdroje pro navrh multiplex PCR

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

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

Lidsky genom
Specifikace exonu
VyloucCeni variabilnich oblasti se SNP

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

Posouzeni dimeru primeru v multiplexovém
usporadani
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Webové zdroje pro design primeru
pro real-time PCR

NCBI Probe Database

RTPrimerDB

Primer Bank

gPrimerDepot

PCR-QPPD

PerlPrimer

Komercni databaze (napr. ROCHE,...)




NejCaste|i pouzivaneé softwarove
baliky pro manipulaci se sekvencemi

Accelrys GCG Package (Accelrys Inc., San Diego,
CA)

Vector NTI® (Life Technologies, Carlsbad, CA)

CLC Genomics Workbench (CLC bio, Cambridge,
MA)
The Bioinformatics Toolbox rozsireni pro MATLAB®

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

DNASTAR Lasergene (DNASTAR, Inc., Madison,
WI1)

Ugene (http://ugene.net/) freeware
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