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including applied mathematics, informatics, statistics, computer
sclence, artificial intelligence, chemistry and biochemistry to solve
biological problems usually on the molecular level. Research in
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computational biology often overlaps with systems biology. Major
research efforts in the field include sequence alignment, gene finding,
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genome assembly, protein structure alignment, protein structure
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prediction, prediction of gene expression and protein-protein isester dictonary
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interactions, and the modeling of evolution.
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bioinformatika

Informatika nad biologickymi molekulami (daty).

Bioinformatika extrahuje molekularni informacni systém pro
molekularni biologii.

Bioinformatika je konceptualizovana molekularni biologie (ve smyslu
fyzikalné chemickém) na niz je aplikovana informatika (odvozend od
matematicke informatiky a statistiky).

Aplikace: teorie
biotechnologie
farmacie
medicina
genetické inZenyrstvi



centralni dogma molekularni genetiky
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velikosti genomii

Mycoplasma genitalium 0.58 Mbp

Escherichia coli 4.6 Mbp

Caenorhabtitis elegans 6 chr. 97 Mbp

Saccharomyces cerevisiael 6 chr. 11.2 Mbp
Arabidopsis thaliana 5 chr. 115.4 Mbp
Drosophila melanogasterS chr. ~137.0 Mbp

Homo sapiens 24 chr. ~ 3.3 Gbp



Internet, databases, www

> NAR web issue 2004: 137 NAR DB collection 2004: 548 db

webs 1.Nucleotide seq
~ Alignments 2.RNA seq
- NA, protein sequence analysis 3.Protein sequence
- Structure analysis & 4.Structure
description 5.Genomics (non-human)
- Visualization 6.Met. Enz. pathways, sig. pathways

7.Human and other vertebrate genomes

NAR DB collection 2005: 719 db
1.Nucleotide seq

2.RNA seq

3.Protein sequence

4.Structure

5.Genomics (non-human)

6.Met. Enz. pathways, sig. pathways
7.Human and other vertebrate genomes
8.Imuno-polymorphism

9.Plants




biologicke sekvence a jejich zaznam

Zpusoby zaznamu sekvenci.
Jak uchovavat sekvence?
Odkud sekvence ziskat?



IUB kédy

nukleotidy

kod nukleotidy

komplement

A
C
G
T

U)
AC
AG
AT
CG
CT
GT
ACG
ACT
AGT
CGT
ACGT
mezera

I ZEWom<RLKOIPWREGHQ QD

Z2 <ITDTUOWRPSIKRPPOQA

aminokyseliny
kod tFipismenny aminokyselina
kod
A Ala alanin
C Cys cystein
D Asp asparagova kyselina
G Glu glutamova kyselina
H His histidin
I Ile isoleucin
K Lys lysin
L Leu leucin
M Met methionin
I\ Asn asparagin
P Pro prolin
Q Gln glutamin
R Arg arginin
S Ser serin
T Thr threonin
\Y Val valin
W Trp tryptofan
Y Tyr tyrosin
B Asx asparagova kys. nebo asparagin
Z Glx glutamova kys. nebo glutamin
X Xxx jakakoliv aminokyselina
*

stop




formaty sekvenci

binarni s chromatogramy SCF

pro programy interni formaty databazi

textove minimalni text
fasta

anotované EMBL
GenBank
ASN
XML



formaty sekvenci - SCF

SCF (standart chromatogram file)
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formaty sekvenci - FastA

fasta

>gi| 6102607 |gb|AF145233.1|AF145233 Mus musculus transcription factor PAX4
TGGCAGGACTGAAGCAGCTGGAGGCTGTTACAAGACCAGACCACCAGCAAACCCTGGAGCCTGCACAGGA
CCCTGAGACCTCTTCCTGGAATTCCCACCTTTTTTCCTCCATCCAGAACCAGTCCCAAAGAGAAACTTCC
AGAAGGAGCTCTCCGTTTTCAGTTTGCCAGTTGGCTTCCTGTCCTTCTGTGAGGAGTACCAGTGTGAAGC
ATGCAGCAGGACGGACTCAGCAGTGTGAATCAGCTAGGGGGACTCTTTGTGAATGGCCGGCCCCTTCCTC
TGGACACCAGGCAGCAGATTGTGCAGCTAGCAATAAGAGGGATGCGACCCTGTGACATTTCACGGAGCCT
TAAGGTATCTAATGGCTGTGTGAGCAAGATCCTAGGACGCTACTACCGCACAGGTGTCTTGGAACCCAAG
TGTATTGGGGGAAGCAAACCACGTCTGGCCACACCTGCTGTGGTGGCTCGAATTGCCCAGCTAAAGGATG
AGTACCCTGCTCTTTTTGCCTGGGAGATCCAACACCAGCTTTGCACTGAAGGGCTTTGTACCCAGGACAA
GGCTCCCAGTGTGTCCTCTATCAATCGAGTACTTCGGGCACTTCAGGAAGACCAGAGCTTGCACTGGACT
CAACTCAGATCACCAGCTGTGTTGGCTCCAGTTCTTCCCAGTCCCCACAGTAACTGTGGGGCTCCCCGAG
GCCCCCACCCAGGAACCAGCCACAGGAATCGGACTATCTTCTCCCCGGGACAAGCCGAGGCACTGGAGAA
AGAGTTTCAGCGTGGGCAGTATCCAGATTCAGTGGCCCGTGGGAAGCTGGCTGCTGCCACCTCTCTGCCT
GAAGACACGGTGAGGGTTTGGTTTTCTAACAGAAGAGCCAAATGGCGCAGGCAAGAGAAGCTGAAATGGG
AAGCACAGCTGCCAGGTGCTTCCCAGGACCTGACAGTACCAAAAAATTCTCCAGGGATCATCTCTGCACA
GCAGTCCCCCGGCAGTGTACCCTCAGCTGCCTTGCCTGTGCTGGAACCATTGAGTCCTTCCTTCTGTCAG
CTATGCTGTGGGACAGCACCAGGCAGATGTTCCAGTGACACCTCATCCCAGGCCTATCTCCAACCCTACT
GGGACTGCCAATCCCTCCTTCCTGTGGCTTCCTCCTCATATGTGGAATTTGCCTGGCCCTGCCTCACCAC
CCATCCTGTGCATCATCTGATTGGAGGCCCAGGACAAGTGCCATCAACCCATTGCTCAAACTGGCCATAA
GAGGCCTCTATTTGACAGTAATAAAAACCTTTTCTTAGATGTTAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA



formaty sekvenci - EMBL

EMBL (format databaze EMBL)

ID AF031150 standard; RNA; ROD; 1379 BP.

XX

AC AF031150;
XX

SV  AF031150.1
XX

DT 27-FEB-1998 (Rel. 54, Created)
27-FEB-1998 (Rel. 54, Last updated, Version 1)

Mus musculus paired-box transcription factor (Pax4) mRNA, complete cds.

Mus musculus (house mouse)
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia;
Eutheria; Rodentia; Sciurognathi; Muridae; Murinae; Mus.

[1]

1-1379

Inoue H., Nomiyama J., Nakai K., Matsutani A., Tanizawa Y., Oka Y.;
Isolation of full-length cDNA of mouse PAX4 gene and identification of its
human homologue;

Biochem. Biophys. Res. Commun. 243:628-633(1998).

ERREAER2KR83KIRRKAT

Key Location/Qualifiers



formaty sekvenci - EMBL

EMBL (format databaze EMBL)

FH
FH
FT
FT
FT
FT
FT
O
O
O
FT
FT
FT

FT

SQ

//

Key

source

CDS

Location/Qualifiers

1..1379
/db_xref=taxon:10090
/organism=Mus musculus
/cell line=MIN6
297..1346
/codon_start=1
/gene=Pax4
/product=paired-box transcription factor
/protein id=AAC40046.1
/translation=MQQDGLSSVNQLGGLFVNGRPLPLDTRQQIVQLAIRGMRPCDISR
SLKVSNGCVSKILGRYYRTGVLEPKCIGGSKPRLATPAVVARIAQLKDEYPALFAWEIQ

PSTHCSNWP

Sequence 1379 BP; 327

aaaaaaaaaa

gctgtgggac
cctactggga
ggccctgecct
caacccattg

aaaaagcggc

agcaccaggc
ctgccaatcc
caccacccat
ctcaaactgg

A; 402 C; 347 G; 303 T; O other;

cgctgaattc tagcagaagg

agatgttcca gtgacacctc
ctccttectg tggcttecctce
cctgtgcatc atctgattgg
ccataagagg cctctatttg

ctgccctcectg

atcccaggcc
ctcatatgtg
aggcccagga
acagtaataa

ctcctgagtg

tatctccaac
gaatttgcct
caagtgccat
aaacctttt

60

1200
1260
1320
1379



formaty sekvenci - GenBank

Genbank
LOCUS AF145233 1360 bp mRNA ROD 23-0CT-1999
DEFINITION Mus musculus transcription factor PAX4 (Pax4) mRNA, complete cds.
ACCESSION AF145233
VERSION AF145233.1 GI:6102607
KEYWORDS
SOURCE house mouse.
ORGANISM Mus musculus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Rodentia; Sciurognathi; Muridae; Murinae; Mus.
REFERENCE 1 (bases 1 to 1360)
AUTHORS Kalousova,A., Benes,V., Paces,J., Paces,V. and Kozmik, Z.
TITLE DNA binding and transactivating properties of the paired and
homeobox protein Pax4
JOURNAL Biochem. Biophys. Res. Commun. 259 (3), 510-518 (1999)
MEDLINE 99294619
PUBMED 10364449
FEATURES Location/Qualifiers
source 1..1360
/organism="Mus musculus"
/db_xref="taxon:10090"
gene 1..1360
/gene="Pax4"
CDS 211..1260

/gene="Pax4"
/note="DNA binding protein; paired box protein; homeobox
protein"



formaty sekvenci - GenBank

Genbank
CDS 211..1260
/gene="Pax4"
/note="DNA binding protein; paired box protein"
/codon_start=1
/product="transcription factor PAX4"
/protein id="AAF03533.1"
/db_xref="GI:6102608"
/translation="MQQDGLSSVNQLGGLFVNGRPLPLDTRQQIVQLAIRGMRPCDIS
RSLKVSNGCVSKILGRYYRTGVLEPKCIGGSKPRLATPAVVARIAQLKDEYPALFAWE
IQHQLCTEGLCTQDKAPSVSSINRVLRALQEDQSLHWTQLRSPAVLAPVLPSPHSNCG
APRGPHPGTSHRNRTIFSPGQAEALEKEFQRGQYPDSVARGKLAAATSLPEDTVRVWFEF
SNRRAKWRRQEKLKWEAQLPGASQDLTVPKNSPGIISAQQSPGSVPSAALPVLEPLSP
SFCQLCCGTAPGRCSSDTSSQAYLOPYWDCQSLLPVASSSYVEFAWPCLTTHPVHHLI
GGPGQVPSTHCSNWP"
BASE COUNT 359 a 381 c 328 g 292 t
ORIGIN
1 tggcaggact gaagcagctg gaggctgtta caagaccaga ccaccagcaa accctggagc
61 ctgcacagga ccctgagacc tcttcctgga attcccacct tttttcectcece atccagaacc
121 agtcccaaag agaaacttcc agaaggagct ctccgttttc agtttgccag ttggcttect
181 gtccttctgt gaggagtacc agtgtgaagc atgcagcagg acggactcag cagtgtgaat
1201 catcatctga ttggaggccc aggacaagtg ccatcaaccc attgctcaaa ctggccataa
1261 gaggcctcta tttgacagta ataaaaacct tttcttagat gttaaaaaaa aaaaaaaaaa
1321 aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa

//



zdroje na internetu

OoN SRSE - Mozilla {Build 1D: 2001031614} ==
ks Help

Aac.UkAndex htm

Version 6.0.7.3 | libNet@EBI | List of Public SRS servers | EBI

Permanent Session
Start

. ‘Data banks
\ . ' Information
L

European
Bioinformatics
Institute




alignment

Proc sekvence porovnavame?
Lokalni vs. globalni alignment.

Jaka je pravdépodobnost (statisticka
vyznamnost) alignmentu.

Terminy:
similarity (podobnost)
homolog, paralog, ortholog



typy alignmentu

1:1

1:n

Pattern search
Dot plot

SSEARCH
BLITZ

FASTA
BLAST

PSI-BLAST
HMMER

Clustal W
MultAlign

T-Co

fee

\Y

C



dot plot

oN dotter EEE

horizontal) vs




dot plot

aoMN Dotter rc_1_100000 vs. rc_1_100000 EEE




dot plot

54268 CGGTCAGCCGGACCCGGACCACCACGGCAACGGGGCGCGATGTGGTGCGTCAGACCGCGCAGGCGATGGACGACATTGCCCGCAGCTCGGAACAGATCTCGCGCATCACCAGCGTCATCGACGAC
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25111 CGGTCGGCCAGACCCGCGAGACCACCGCCGCCGGGCGCGAGGTGGTGCGCCGCACGCTGCAGGCGATGACCGACATCGCGCAAAGCTCGGAGCAGATTTCCCGCATCACCAGTGTCATCGACGAC

Dotter re_1_100000 vs. rc_1_100000

Dotter rc_1_100000 vs. rc_1_100000



dot plot

Dotter rv_000733 vs. HERV17

rv_000733 {horizontal} wvs, HERY1? {vertical}
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porovnavani textovych retézcu

data: TCATG a CATTG

TCATG T CA -
CATTG . CAT

TCATG. TCAT

CATTG . CAT



pairwise alignment

formalizace problému

Vezméme dvé sekvence a, b (nukleotidové ¢1 aminokyselinove) délky m, n:

a=a,a,a ..a

b =D>b ,b,,b o)

1/=27~=3 *°° n
Chceme je porovnat mezi sebou a vytvofit alignment A, ktery sestava z fady part

A= (a, b) .. (a b)) kde 1 i< .. <k <Sm,
i 73 k 71
1<jJ<..<1<n

Pro vypocet skore alignmentu A pfifadime kazdému paru hodnotu s (a, ,b,) (pozitivni nebo negativni) v zavislosti
na tom, zda se jedna o totozny, pfibuzny nebo nepiibuzny par. Skore subalignmentu S; | ziskame jako maximalni
skore predchazejicich subalignmentt plus skore paru s (a, ,b,):

Si,j = max ( Si—l,j’ Si,j—l’ Si—l,j—l ) + e
Celkove skore alignmentu je tak
S=Zs(ai,bj) pro i=1..m, j=1..n

Hledani nejlepsiho alignmentu je hledanim alignmentu s maximalnim skore ze vSech moznych alignmenti.



pairwise alignment

scoring matrix

G G A C T C T T G G A A A G G
G| 1 1 1 1 1 1
G| 1 1 1 1 1 1
A 1 1 1 1
C 1 1
T 1 1 1
G| 1 1 1 1 1 1
G| 1 1 1 1 1 1
A 1 1 1 1
A 1 1 1 1
A 1 1 1 1
G[ 1 1 1 1 1 1

parametry: match 1; mismatch 0
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pairwise alignment

zpétné hledani

[
OO U U1l ™[R
N oo o o do @

10 10 10 11 1
10 11 11 11 11 12 13
10 11 12 13 14 14 14
10 11 13 14 15 15 15
10 11 14 15 16 16 16
11 12 14 15 16 17 18

QPP PP OOHAQYPQQ

e BB WNNMDDNMDDNRIQ
U UL WWWWNIR
0o JoU b b &PWDN|IP
oK JoUl L BT WN|N
oo JooooUls wbh|4d
00O JoOoOoOoOOD s WwWNIN
0 ONNdNddYTobd wN(HA
00 00 00 0 0 0 © o i W N(H

GGACTCTTGGAAAGG

GGAC--T-GGAAAG-



pairwise alignment

gaps - formalizace problému

Ohodnotime mezery ("gaps") v alignmentu funkci

w =y +2zx pro x20; y,z<0

kde x je délka mezery ("gap"). Parametr y byva nazyvan "open gap penalty" nebo "gap existence penalty”,
parametr z "gap extension penalty" nebo "per residue gap penalty". Skore subalignmentu S, , ziskame z:

pro k=1..i-1
) + s,

i,

S;, - W pro 1=1..j-1
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pairwise a

1X

tr

scoring ma

G G A CTCTT G G A A A G G

2 2
2 2
-1 -1 2

-1 -1 -1 2 2
-1 -1 -1 2 2

-1 -1-1-1-1-1 2 2

-1 -1-1-1-1-1 2 2

-1 -1-1-1 2 2 2 -1 -1

=il —=al ) =il

-1 -1 -1 -1 -1 -1 -1 -1 -1

-1 2

-1 -1 -1 2

-1 -1 -1-1-1-1-1

-1 2 2
-1 -1-1-1-1-1 2 2
—al, =l =1k =il

-1 -1 -1 -1 2

-1 -1 -1 2 2
-1 -1 -1 2 2

2 2
2 2
-1 -1 2
=il =il

-1 -1 2 2

-1 -1
—al, =il
—al, =il

-1 -1-1-1 2 2 2

-1 -1 -1

-1 -1-1-1-1-1-1 2 2 2

2

2
-1 -1 -1 -1

-1-1-1-1-1-1-1 2 2 2

—al, =il

-1 -1 -1 2 2

-1 -1 2 2

2 2

G
G
A
C
T
G
G
A
A
A
G

tch -1

match 2; misma

parametry
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Sum matrix
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open gap -2

parametry

extended gap gap -2
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7pé
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émy

| 4

ignment - mozné probl

|

pairwise a

ismatch: -1; gap: -2

misma

2;

match:

parametry

10

13

13

-

11




pairwise alignment - mozné problémy

jana.-

Contig

Jjana.-

Contig

Jjana.-

Contig

jana.s

Contig

Jjana.s

Contig

Jjana.s

Contig

———-TGCCG-TTG--GAATCGACCCCGATCGCCGTCTCGACCACGTAGCTCATGCGGTTGCAGAGCTTGAGGT CGGCGTGGGCGGCGGAGGTGAGGGCGAG

CCACCCCGATTGCCGTCTCGACCACG TAGCTCATGCGGTTGCACAGCT——TGAGGTCG————GCGTGAG——CCGCGGAGGTGAGGGAGAGAGTGGTGAC
44680 44690 44700 44710 44720 44730 44740 44750 44760

GGTGGTGACAATGGCG-GCGAGGGC--GCGCGATCTCCACCCCGTCATGCCCGG——-CCTTGTGCCGGGCATCCACGTCTTGCTGAGAAAACCGCCGGAA

AATGGTGGCGAGGGCGCGTGATCTCCAGCCCGTCATGCCCGGCCTTGTGCCGGGCATCCACGTCTTGCTGATCCACGTCTTGCTGAGGAAACCGCCGGAA
44770 44780 44790 44800 44810 44820 44830 44840 44850 44860

AGACGTGGATGGCCGGGACGAGCCCGGCCATGACGGATGTTGTCGCCGCAGCCTCGCATCACTTGTGGATCAGCGTGCCGGTGCCCTGGTTGGTGAACAA
AGACGTGGATGGCCGGGACGAGCCCGGCCATGACGGATGTTATCGCCGCCGCCCCGCATCACTTGTGGATCAGCGTGCCGGTGCCCTGGTTGGTGAACAG
44870 44880 44890 44900 44910 44920 44930 44940 44950 44960

CTCATGCGGTTGCAGAGCTTGAGGTCGGCGTGGGCGGCGGAGGCTGAGGGCGAGGGTGGTGACAATGGCGGCGAGGGCGCGCGATCTCCACCCCGTCATGC
CTCATGCGGTTGCACAGCTTGAGGTCGGCGTGAGCCGCGGAGGTGAGGGAGAGAGTGGTGACAATGGTGGCGAGGGCGCGTGATCTCCAGCCCGTCATGC
44710 44720 44730 44740 44750 44760 44770 44780 44790 44800
CCGGCCTTGTGCCGGGCAT——————————————— CCACGTCTTGCTGAGAAAACCGCCGGAAAGACGTGGATGGCCGGGACGAGCCCGGCCATGACGGAT
CCGGCCTTGTGCCGGGCATCCACGTCTTGCTGATCCACGTCTTGCTGAGGAAACCGCCGGAAAGACGTGGAT GGCCGGGACGAGCCCGGCCATGACGGAT
44810 44820 44830 44840 44850 44860 44870 44880 44890 44900
GTTGTCGCCGCAGCCTCGCATCACTTGTGGATCAGCGTGCCGGTGCCCTGGTTGGTGAACAATTCGAGCAGCACTGCGTGCGGGACCTTGCCGTCGAGGA
GTTATCGCCGCCGCCCCGCATCACTTGTGGATCAGCGTGCCGGTGCCCTGGTTGGTGAACAGT TCGAGCAGCACTGCGTGCGGGACCTTGCCGTCGAGGA
44910 44920 44930 44940 44950 44960 44970 44980 44990 45000



geneticky kod

T @ A G
T TTT  Phe TCT  Ser TAT  Tyr TGT Cys T
TTC Phe TCC  Ser TAC Tyr TGC Cys C
TTA Leu TCA  Ser TAA Stop | TGA Stop A
TTG Leu TCG Ser TAG Stop G
C CTT Leu CCT Pro CAT His CGT Arg T
CTC Leu CCC Pro CAC His CGC Arg C
CTA Leu CCA Pro CAA Ghn CGA Arg A
CTG Leu CCG Pro CAG Gln CGG Arg G
A | ATT Il ACT  Thr AAT Asn | AGT Ser T
ATC lle ACC Thr AAC Asn | AGC Ser C
ATA e ACA Thr AAA Lys AGA Arg A
ATG Met |ACG Thr AAG Lys AGG Arg G
G GTT Val GCT Al GAT Asp | GGT Gly T
GTC Val GCC Al GAC Asp | GGC Gly C
GTA Val GCA Al GAA Gl GGA Gly A
GTG Val GCG Al GAG Glu GGG Gly G




substitution matrix

Princip: proteiny se vyvijeji pomoci nezavislych mutaci a
jsou fixovany postupné

PAM (Percent Accepted Mutation)

1 PAM= jedna mutace na cesté mezi dvéma sekvencemi
na 100 nukleotidi

BLOSSUM



substitution matrix

300 mil. let

250 mil. let /\

"N AN ANAN

PAM 100 PAM 100
PAM 250 PAM 250
PAM 300



substitution matrix

Z
=1

W Y V B

=2
=2
=4
=4

T

0
=1

0
=1
=1
=1
=1
=2
=2
=1
=1
=1
=1
=1
=1

2

F
=2
=2
=2

-0.2789
L K M

=1

Expected
H

0.3795,
Q

C
=1
=3

Entropy =
A R N D
=2
=1

#

BLOSUM 45

=1
=1
4
5
=2
0
1

0
=2
=3
=3
=1
=3
=3
=3 =1
=3

1 =2
=1 =1
=2
=2
=5 =8

=2

=1 =1
=2
=2
=1
=4
=1

=1

=1 0 =2 =1
=2

=1

5 =2 =1
=2

A

=5
=5
=5
=5
=5
=5
=5
=5
=5
=5
=5
=5
=5
=5

=1
=1
=1
=2
=1
=1
=1
=1
=1
=1
=1
=1
=1
=1

0
0
1
=3

3 =1

=3 =2
=2
=4
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substitution matrix

W R N D C W
PAM 50 -1 -7 -12 -13 13
PAM 100 1 -5 -9 -9 12
PAM 250 2 -4 -7 -8 17
BLOSUM 100 -7 -8 -10 -7 17
BLOSUM 62 -3 -4 -4 -2 11
BLOSUM 30 0 -7 -4 -2 20




global vs. local alignment

Globalni:
* Porovnavame kompletni geny (proteiny) - zajima nas, do jaké
miry st jsou pribuzné.
* Pfitomnost nehomolognich part je neutralni, aby nebylo
ovlivnéno celkove skore.
* aka Needleman-Wunsch.

Lokalni:
* Hledame podobné oblasti uvniti delSich sekvenci (domény) -
zajima nas, jestli obsahuji konzervované useky.
* Negativni skore pro nehomologni pary (se vzdalenosti od
domény skore klesa).
* Nejvyssi skore nehleddme pouze v poslednim sloupci/fadku,
ale v celé sum matrix. Postupujeme na obé strany k nule.
* aka Smitch-Waterman.



optimalizace pro hledani v databazich

Efektivita hledani je Fadu N**L
(N je delka prohledavajici sekvence, L velikost prohledavané databaze.)

GenBank (April 2006): ~130 000 000 000 nt
Swiss-prot (Rel. 51.0; 31-Oct-06): 88 541 632 aa

ZlepSeni:
Vychozi uvaha: oblasti, které si jsou podobné, budou pravdépodobné
obsahovat kratke identické tuseky.
Hledame:
* Oblasti, kde nasleduje nékolik identickych "slov" (words) ve stejném potadi
za sebou.
* Pouzijeme piedpocitanou tabulku vyskytu béZznych "slov" v databazi -
hashing. Vypocet tabulky je fadu L (velikost databaze), ale pouziti pouze
fadu N (délka prohledavané sekvence).
* Nalezeny usek s okolim pouZijeme pro presny alignment.



FastA - princip

FastA - Fast Algorhitm

1.

2

Najdeme diagonaly kratkych identickych
sekvencl.

Ziskame alignment a spocteme jeho skore bez
mezer (initn).

. Jednotlivé Casti spojime a ziskame

neoptimalizovany alignment, do skore
zapocitame i gaps (initl).

. Prodlouzime alignment na obé€ strany a pouzitim

"pairwise' algoritmu ziskame optimalizovany
alignment (opt).

. Spocteme z-skore (bit-skore) a expectancy



FastA - pouziti

zdrojovy kod:  ftp:/ftp.virginia.edu/pub/fasta
(Zdrojovy kod pro akademicke pouZziti volny, kompilace pod UNIXy bez
problémt, 1ze kompilovat 1 pod windows.

WWW: http://www.ebi.ac.uk/fasta

vstupni parametry:
k-tuple (velikost slova)
similarity matrix
gap open penalty
extended gap penalty.

programy:
fasta3 DNA x DNAdb nebo AA x AAdb
tfasta3  AA x DNAdb prelozenou do AA v Sesti moznych framech
fastx/y3 DNA preloZenou x AAdb
tfastx/y3 AA x DNAdb prelozenou
(t)fastf3 serazené peptidy (Edman) x DNAdb nebo AAdb
(t)fasts3 peptidy (hmotova spektroskopie) x DNAdb nebo AAdb
ssearch DNA x DNA nebo AA x AA, Smith-Waterman bez
optimalizace



Fasta - Mozilla
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Fasta - Mozilla

FastA - vysledky

Edit

-

Back

| 4 Home

View Go  Bookmarks Tools

window  Help

> A & . i - : =+ .
Fomard Fronad Stbp |J‘ hitp:/fwnwny. ebi.ac.uk/service stmpr365509.1 64 855-14 326 . html JM —

Wk Bookmarks ¢ Intemet CfLookup §New&Cool

Help index:

ceneral Help

horna

Gaps

Mari:

References:

Fast Help

Results of Search:

Results of search

Database +Enallt

Title Saquencs

SeqLen 2

Wiew using hMyiew VisualF asta SUBMIT AMNCTHER JOE

FASTA searches a protein or DNA sequence data bank
wversion 3. 3t09 May 18, 2001

Please cite:

W.R. Pearson & D.J. Lipman PNAS (1988) 85.2444-2448

2:1-: 349 aa
PAXd MOUSE P32115 Paired box protein Pax-4

ws  SWISS-PROT &ll likbrary

gsearching febisservices/idata/vEREfastadb/ewall library

289642739 residues in 912109 sequences
statistics extrapolated from 60000 to 509913 sequences

Expectation n fit: rho(ln{x))= 5. 6400+/-0.000219; mu= 7.0865+/- 0.013
mean_war=126. 3356+/-27. 355, 0's: 154 Z-trim: 288 BE-trim: 3158 in 2/63
Lambda= 0.1141

FASTA (2,39 May 2001) function [optimized, BLED matrizx (15:-5)] ktup: 2
join: 37, ept: 25, gap-pen: -127 -E, width: 1&

Scan time: 10.920

The hest scores are: opt bits E{309913)
SYALL :PAX4 MOUSE P32115 Paired bhox protein Pax-d4. 349) 2439 413 6. Te-114
SYALL :PAXd RAT 088436 Paired hox protein Peas-4. 349) 2238 380 6. Ze-104
SYALL :PAXd HUMAN 043316 Paired box protein Pax-4. 350 1885 321 1. 9e-86
SWALL:GSED_DROME POO022 Gooseherry distal protein 427y 683 124 Be-27

{

{

E
SWALL:057684 057684 Paired hox protein. { 354) £34 11p 1. 9e-24
SWALL:057676 057676 Paired hox protein. { 385) 633 115 2 3e-24
SWALL : Q9WO0WS Q9WOWS GSE-N protein (RE64348p) . {4497 £31 115 3. 1e-24
SYALL :PAXG ORYLA 073917 Paired box protein Pax-6. ( 437) 627 114 4. 9e-24
SYALL : GSEP_DROME PO9083 Gooseberry proximal prote ( 4489) 626 114 5. 6e-24
SYALL: 042612 042612 PAX-6 protein. {437y 823 114 7. Te-I4
SWALL: QOVHER QOYHES Pax-family transcription fact ( 437) 622 114 8 6e-24
SWALL :PAXG_BRARE P26630 Paired bhox protein Pax[Ef ( 437) 620 113 1.1e-23
SWALL:061991 061991 Paxft protein. { 462) E19 113 1. 3e-23
SWALL:061990 061990 Paxft protein. { 439) 618 113 1.4e-23
SYALL:P70002 PT70002 Xenopus Pax-6 short (Fragment ( 370) 616 113 1.5e-23
SYALL:Q9IAST Q9IAST Paired domain transcription £ { 393) 6l6 113 1. 6e-23 /
SWATT . BTO00] BTOO0] Wernoone Dow F Jowme (Broomontt ARy eie 4432 4 T 9%

-1

| -

| e &l 2 Eal | Transferring data from www.ehiac. uk... ||— HD.:'@




FastA - vysledky

>>SWALL:GSBD_DROME P09082 Gooseberry distal protein (BSH (427 aa)

initn: 706 initl: 500 opt: 683 Z-score: 621.0 bits: 123.7 E(): 8e-27
Smith-Waterman score: 683; 40.000% identity (41.424% ungapped) in 320 aa overlap (5-318:19-
333)

10 20 30 40
PAX4 M MQQDGLSSVNQLGGLFVNGRPLPLDTRQQIVQLAIRGMRPCDISRS

SWALL: MAVSALNMTPYFGGYPFQGQGRVNQLGGVFINGRPLPNHIRRQIVEMAAAGVRPCVISRQ
10 20 30 40 50 60

50 60 70 80 90 100
PAX4 M LKVSNGCVSKILGRYYRTGVLEPKCIGGSKPRLATPAVVARIAQLKDEYPALFAWEIQHQ

SWALL: LRVSHGCVSKILNRFQETGSIRPGVIGGSKPRVATPDIESRIEELKQSQPGIFSWEIRAK
70 80 90 100 110 120

110 120 130 140 150 160
PAX4 M LCTEGLCTQDKAPSVSSINRVLRALQEDQSLHWTQLRSPAVLAPVLPSPHSNCGA PRGP

SWALL: LIEAGVCDKQNAPSVSSISRLLRGSSGSGTSHSIDGILGGGAGSVGSEDESEDDAEPSVQ
130 140 150 160 170 180

170 180 190 200 210 220
PAX4 M HPGTSHRNRTIFSPGQAEALEKEFQRGQYPDSVARGKLAAATSLPEDTVRVWFSNRRAKW

SWALL: LKRKQRRSRTTFSNDQIDALERIFARTQYPDVYTREELAQSTGLTEARVQVWFSNRRARL
190 200 210 220 230 240



FastA - poznamky

Zvysenim k-tuple se zvysi rychlost, ale snizi
senzitivita.

Muze minout pozitivni signal:

* sekvence a koduyi
steyny peptid , ale pi1 k-tuple > 2 nebude
podobnost nalezena

* peptidy a jsou s1 biochemicky
podobne, aminokyseliny jsou ruzne

* podobnost mez1 peptidy a

pro k-tuple 2 a vice nebude nalezena



FastA - reference

W. J. Wilbur and D. J. Lipman. Rapid similarity
searches of nucleic acid and protein data banks.
Proc. Natl. Acad. Sci. U.S.A. 80:726-730
(1983)

D. J. Lipman and W. R. Pearson. Rapid and
sensitive protemn similarity searches. Science
227:1435-1441 (1985)

W. R. Pearson and D. J. Lipman. Improved tools

for biological sequence comparison. Proc.
Natl. Acad. Sci. U.S.A. 85:2444-2448 (1988)



BLAST - princip

BLAST - Basic Local Alignment Tool

= W

n

. Definujeme HSP (high segment scoring pair) jako

usek stejné délky dvou sekvenci se skore, které nelze
ZlepSit prodlouzenim.

. Predkompilujeme vSechna slova o délce w se skore

lepsSim nez T k dané sekvenci.

. Hledame v databazi zasahy (''hits'") téchto slov.
. Prodlouzime zasahy az do HSP. (Pro NCBI-BLAST2

uvazujeme alespon dva nepiekryvajici se zasahy ve vzdalenosti A na
diagonale.)

. Spocteme bit-skore a expectancy
. (Pro DNA pouzijeme Ctyr bitovou kompresi.)



NCBI-BLAST - pouiti

zdrojovy kod: ftp://ncbi.nlm.nih.gov/tools

program: ftp://ncbi.nlm.nih.gov/blast/executables
(UNIXy 1 windows, akademicke pouziti zdarma)

www:  http://www.ncbi.nlm.nih.gov/blast/blast.cgi

vstupni parametry:
similarity matrix
gap existence cost
per residue gap cost
lambda ratio

programy.
blastn DNA x DNAdb
blastp AA x AAdb
blastx AA x DNAdb ptelozenou do AA v Sesti moznych framech



WU-BLAST - pouziti

zdrojovy kod: pouze verze 1.x
program;:

http://sapiens.wustl.edu/blast/blast/executables
(Pouze UNIXy, pro akademické uziti zdarma.)

WWW: http://www.ebi.ac.uk/blast2

vstupni parametry:
similarity matrix
gap existence cost
per residue gap cost

programy:
blastn  DNA x DNAdb
blastp AA x AAdb
blastx  AA x DNAdb prelozenou do AA v Sesti moZznych framech

tblastn DNA x AAdb
tblastx  DNA x DNAdb prelozenou



BLAST - www

4n|

¥ Eile Edit Wiew Go
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Back Fareard

Bookmarks Tools  MWindow Help
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BLAST

OMIM Structurs

What's NEW in BL“ST@)

NEW March 5th 2002: New dstabsse linkouts from BLAST results. Results of & BLAST
seanch will now link sequences from the BLAST results page to the NCEI LocusLink and
UniGene databases. Links to additionsl databases coming soon

I Nucleotide BLAST

+ Standard nuclectide-nuclectide BLAST [blastn]
+ MEGABLAST
« Search for short nearly exact matches

I Protein BLAST

+ Standard protein-protein BLAST [blastp
+ P2I- and FHI-BELAST
e Search for short nearly exact matches

ITransIated BLAST Searches

+ MNucleotide query - Protein db [blastx
+ Protein query - Translated db [thlastn]
e MNucleotide guery - Translated db [thlastz]

ISearch for conserved domains

+ Search the Congerved Domain Database using RF3-BLAST
+ Search by domain architecture [CDART]

[ Pairwise BLAST

« BLAST 2 Bequences

IGenomic BLAST pages
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BLAST - vysledky

EE l! RID=1036400645-011405-9647, gi|G247952)5p|P32115|PARXA_MOUSE Paired box protein Pax-4 - Mozilla

{% Eile Edit View Go Bookmarks Tools Window Help
-
g @ a §§ Fittp: /Ay, nc bl nlm.nin.goveblastBlast J search| =% -
Back Foreard Reload  Stop |4‘ P bl nim.nih goviblastBlast cg| /] oA Searc Print

{ fhHome | W Bookmarks ¢ intemet CfLookup CfNew&Cool

Distribution of 101 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignment Scores

<40 40-50 50-80 . go-200 =00l

17370
0 50 100 150 200 250 300

Sequences producing significant aligrments:
gl | 8247952 |sp |P3211E |PARL MOUSE

Paired box protein Pax-4

qil14548167|5p| 080436 |PA¥d RAT Palred box protein Pax-4 611

gi|3914076 |sp 043316 |PA¥4 HUMAN Paired hox protein Pax-4 511  e-14%

gi|3914081 |sp|07301T|PAKE ORYVLA Paired hox protein Pax-6 231 Ze-g0

qil12965] |sp |[P26630|PANE _ERARE Palred box protein Pax[Zf-a]. .. 229 de-a0

qi|417450 | sp [P32117 | PANE _MOUSE Palred box protein Pax-6 (0c. .. 225 le-EB .
01| 2495315 | sp |POGEGd |PARE _KENLA Paired box protein Pax-6 225 le-EB

qil1358720 | 5p |P4TE3E |PARE _COTJA Paired hox protein Pax-6 (P... 224 Ze-EB L
i 1 1PF3ITE L an IBAQNAY | RSRN NRAME Gnoseherrr dists] nrotein (B 184 Da_df

[ ke Bl & B3] | Document: Done (4.122 secs) ||— @E;



BLAST - vysledky

>gi| 3914281 |sp|073917|PAX6_ORYLA Paired box protein Pax-6

Score =

Identities
Query: 1
Sbjct: 19
Query: 61
Sbjct: 79
Query: 121
Sbjct: 139
Query: 161
Sbjct: 198
Query: 199
Sbjct: 258

Length = 437

231 bits (589), Expect = 2e-60

= 142/274 (51%), Positives = 169/274 (60%), Gaps = 43/274 (15%)

MQODGLSSVNQLGGLFVNGRPLPLDTRQQIVQLAIRGMRPCDISRSLKVSNGCVSKILGR 60
M Q+ S VNQLGG+FVNGRPLP TRQ+IV+LA G RPCDISR L+VSNGCVSKILGR
MMONSHSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGR 78

YYRTGVLEPKCIGGSKPRLATPAVVARIAQLKDEYPALFAWEIQHQLCTEGLCTQDKAPS 120
YY TG + P+ IGGSKPR+ATP VVA+IAQ K E P++FAWEI+ +L +EG+CT D PS
YYETGSIRPRAIGGSKPRVATPEVVAKIAQYKRECPSIFAWEIRDRLLSEGICTNDNIPS 138

VSSINRVLRAL-QEDQSL----HWTQLRS-----—-———-—-——-—-—-— PAVLAPVLPSPHSNCG 160
VSSINRVLR L. E Q + + +LR 4 P P+ ©
VSSINRVLRNLASEKQQOMGADGMYDKLRMLNGQTGTWGTRPGWYPGTSVPGQPN-QDGCQ 197

AP REEHE GRS B b L L L EE HRNRTIFSPGQAEALEKEFQRGQYPDSV 198
G T+ RNRT F+ Q EALEKEF+R YPD
QODGAGENTNSISSNGEDSEETQMRLOQLKRKLOQRNRTSFTQEQIEALEKEFERTHYPDVF 257

ARGKLAAATSLPEDTVRVWFSNRRAKWRRQEKLK 232
AR +LAA LPE ++VWFSNRRAKWRR+EKL+
ARERLAAKIDLPEARIQVWFSNRRAKWRREEKLR 291



BLAST - reference
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PSI-BLAST - princip

PSI-BLAST - Position Specific Iterated
BLAST

(Y

Pomoci BLAST ziskame sadu sekvenci se skore lepsSim nez T.
Sestrojime multiple alignment.

Identity matrix o velikosti 20x20 nahradime matrix o velikosti
Lx20 (kde L je délka pouzite sekvence), kterou spocteme z
multiple alignmentu

6. Ziskame novou sadu sekvenci.

7. Iteryjeme pres kroky 2-4.

B

www: http://www.ncbi.nlm.nih.gov/blast/psiblast.cgi
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PHI-BLAST - princip

PHI-BLAST - Pattern Hit Initiated BLAST

3. Pomoci BLASTu ziskame sadu sekvenci se skore lepSim nez S.
Pro vypocet skore pouzijeme "pattern”, kratkou sekvenci ve
formatu PROSITE.

4. Skore Sestrojime multiple alignment a pro iterace pouzijeme
PSI-BLAST

5. patterny: (ve stylu PROSITE)
[LEYT]  vybér z nékolika aminokyselin
x(2,5) 2 az 5 libovolnych aminokyselin
- nic (odd€lovac)
napriklad [LIVMF]-G-E-x(5,11)-A(3)-x-[STACV]



PHI-BLAST - princip

www: http://www.ncbi.nlm.nih.gov/blast/
/psiblast.cgi?Jform=1

reference:

Zhang, Zheng, Alejandro A. Schatter, Webb Miller,
Thomas L. Madden, David J. Lipman, Eugene V.
Koonin, and Stephen F. Altschul, Protein sequence

similarity searches using patterns as seeds. Nucleic
Acids Res. 26:3986-3990. (1998)



HMMER - princip
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HMMER - vizualizace

aN HMMview ¥1.0 hervl.hmm
Fle  View Oplions

321 GACALLGETGA TGAAAGAADLA TCATGAACTC AGGGATTICTA
Jel TCTCCTGGCT TCAGAAGCAG ATACTGAGCC TCAAATCTGC
401 TAAGATTGCC CTGAGTGAGA GTCTTATCTC CTGTAGAGAD
441 AGAGCTGAAS TTGTCGAALA ACAGACACAA GCTCTTATCA
481 TGCGAGTGGEC TGACCTGCAS TGAAAMGGTGC ATGCACAGCC

964 365 366 367 363 363 370 371

o

q. H. H. R.
‘ ‘ Tl ‘ TI ‘ TI ‘ ‘ 1.I l ‘ TI ‘




HMMER - pouziti

zdrojovy kod:  http:/hmmer.wustl.edu
(Zdrojovy kod pro akademicke pouziti volny, kompilace pod UNIXy bez

problémi)
WWW: http://pfam.wustl.edu
programy:
hmmsearch prohledava modelem (hmmerem) databazi sekvenci

hmmerpfam prohledava sekvenci databazi modelu



