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Zaklady genomiky |.

= Role BIOINFORMATIKY v souéasném pojeti FUNKCNI
GENOMIKY

= Databaze
Spektrum ,,on-line” zdroju
PRIMARNI, SEKUNDARN| a STRUKTURALNI
databaze
GENOMOVE zdroje

= Analytické nastroje
Vyhledavani homologii

Vyhledavani sekvencnich motivu, otevieny
Gtecich ramcu, restrikénich mist....

DalSi www genomoveé nastroje
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GENOMIKA-co to je?

= V SirSim pojeti-zkouma STRUKTURU a FUNKCI genomu

Predpokladem je znalost genomu (sekvenci)-
prace s databazemi

= V uz8im pojeti zkouma FUNKCI jednotlivych gent - FUNKCNI
GENOMIKA

pouzivd zejména pfistupy REVERZNI
GENETIKY
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GENOMIKA-co to je?
role BIOINFORMATIKY ve FUNKCNi GENOMICE

,Reverzné geneticky“ pfistup
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= Databaze

Spektrum ,,on-line” zdroju
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Databaze
Spektrum on-line zdroju
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Databaze
Spektrum on-line zdroju
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http://www.ncbi.nih.gov/Database/datamodel/index.html
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PRIMARNI, SEKUNDARNI a STRUKTURALNI
databaze
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Primarni databaze

= zahrnuji soubory primarnich dat — sekvenci DNA a proteinu

Sekvence v databazich tzv. ,Velké trojky*:

EMBL, http://www.ebi.ac.uk/embl/

GenBank,http://www.ncbi.nih.gov/Genbank/Genb
ankSearch.html

DDBJ, http://www.ddbj.nig.ac.jp
. denné vzajemna vymeéna a zalohovani dat

= velka datova naro¢nost (kapacita i software)
=  Zafi 2003 27,2 x 106 zaznamu o zhruba 33 x 10° bp
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Primarni databaze

= zahrnuji soubory primarnich dat — sekvenci DNA a proteinu

Proteinové sekvence:
PIR, http://pir.georgetown.edu/
MIPS, http://www.mips.biochem.mpg.de
SWISS-PROT, http://www.expasy.org/sprot/
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Primarni databaze

= Typy sekvenci v primarnich databazich

standardni nukleotidové sekvence ziskané kvalitnim
sekvencovanim

ESTs (Expressed Sequence Tags)

HGTS (High Throughput Genome Sequencing)

- neanotované ,surové” vysledky sekvenacnich projektu

referencni sekvence anotovanych genomu

TPAs (Third Party Annotation)

- sekvence anotované jinymi nez plvodnimi autory
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Primarni databaze

GenBank (NCBI) http://www.ncbi.nlm.nih.gov/
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Primarni databaze
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Proteinové sekundarni databaze

databaze funkénich nebo strukturalnich motiva ziskanych srovnavanim
primarnich dat (sekvenci)

PRDEIS HttptpyWwwibiekpgasgoazpros tdirowser/PRINTS/

PROSITE Proteomics tools

Graphical summary of hits (fava applet)

Clck on ltems io see @ desoriplion. Drag the two red cursors bo salact @ zoom region. About Frafs

START THE SCAN
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Sekundarni databaze DNA
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Strukturalni databaze

http:/ www. resb.org/pdb/cgi/explore.ceiljob=graphics.pdbld=1 P3Y :page=pid=1 7356 | 064349344 & hio= | &opt=show&size=500
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GENOMOVE zdroje
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Primarni data-genomove zdroje
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Primarni data-genomove zdroje

=
< NCBI

Fubhed

Entrez Genames

Ml ap'fiewmer Home

Frominent arganisms
FTF SITE

Felated [atabaszes:
TAIR
TIGR
MIP S
EA0s

Sequencing Projects:

SPP Consortium
C5H £ rashU
TIGR

Kazusa

ES5A
Genoscope

Mucleotide

Search for on chiomosome () | Find i

DI Hhow linked entries

Frotein Fenome

Structure FopSet Taxonomy

Helyp FTE

Arabidepsis thaliana genome view BLAST search Arabido

@umm-.-m

Lineage: Eukaryota, Vikdiplantae; 8 tteptophyta; Embryophyta; Tracheophyta; 8 permatophyta,
Magnolinphyta; endicotyledons; core eudicots; Fosidae; entosids IT; Brassicales; Brassicaceae;

zed as a model in plant
Tarnily, whiclh i

Praktikum zakladd genomiky, zima 2007



Primarni data-genomove zdroje
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Primarni data-genomove zdroje
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Primarni data-genomove zdroje

Human Genome Browser http://genome.ucsc.edu/

LUCSC Genome Bioinformatics
Genome Browsar - Family Browser - Blat - Table Browser - FAQ - Help

Genome About the UCSC Genome Bioinformatics Site

Browser This site contains the reference sequence for the human and C elegans genomes and working drafts for the mouse, rat, Fugu, Dvosophila, C. brigesae, and SARS genomes.,

Family It also contains the CFTR {eystic fibrosis) region in 13 species.

Erowser
We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the wark of annotators woerldwide, The
Blat Family Browser shows expression, homalogy and other information on groups of genes that can be related in many ways. The Table Browser provides convenient access to
the undedying database. Blat quickly maps your sequence to the genome.
Tables

Downloads
— News Mews B rehives B

Release Log

22 Dec. 2003 - Advance Warning of Browser Outage 30 Dec. 2003
Custom

Tracks . I i . . L } ) _ 3 :
Electrical power to the UCSC School of Engineering building will be shut down on 30 December from 7 am. to 3 pm. PST. The Genome Browser and Blat servers will not

Mirmors be available during this time period.
Archives 10 Dec. 2003 - Huoman/Chimp Alignment Tracks Relesaszed

Credits LICEC has released alignments of the Nov, 2003 chimpanzee draft assembly to the July 2003 human assembly in the Genome Browser. These alignments may be viewed on
the Human July assembly. This release coincides with today's announcement by the National Human Genome Research Institute (NHGRI) of the first draft assembly of

Pubs the chimpanzee genome.

Cite Us . . . . . . . . . . .
The set of uman/chimpanzes alignments consists of a reciprocal best-in-genome net track and a chimp chain track. These alignments were generated using the blastz
Licenses program developed at Pennsylvania State University and the programs blat, axtChain, chainMet, and netSyntenic developed at UCEC by Jim Kent. Research scientists should
find these tracks useful for locating orthologous regions and studying genome rearrangement in the two species.

Jobs
For mare information about the alignment tracks, refer to the track description pages. The tables may be downloaded from the Genome Browser FTP server's hglt database

T —_—
Contact Us directory. The chimp sequence and alignment data are downloadable from the hg 16 human/chimp alignments directory.

The chimp sequence used in these alignments was obtained from the 13 Nov, 2003 Amchne assembly. We'd like to thank NHGRI, the Eli & Edythe L. Broad Institute at
MIT/Harvard, and Washington University School of Medicine for providing this sequence, and LaDeana Hillier, Washington University School of Medicine, and the
Whitchead Institute for their work on the alignments. We'd also like to acknowledge the members of the UCSC team who contributed to the release of these alignments in
the Genome Browser: Jim Kent, Kate Rosenbloom, Heather Trumbower, and Donna Karalchik.

24 Now. 2003 - Build 32 Mouse Assembly (Oct. 2003) Released: Wehave released a Genome Browser and Blat server for the latest mouse genome
assembly, NCBI Build 32 {UCSC v, mm4). Read more.

31 Caot. 2003 - V. melancgaster Assembly (Jan. 2003) Released: We have added the Drasophila melmogaster (fruitfly) assembly to




Primarni data-genomove zdroje

TAIR, The Arabidopsis Information Resource,

http://www.arabidopsis.org

Home Help Contact About Us Login
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= Analytické nastroje

Vyhledavani homologii
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Analyticke nastroje
porovnavani dvou sekvenci

Globalni vs. lokalni pfifazeni

. APATNIK PIONYR-I AKSETQRYMVIE
| SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Lokalni pFiFazeni
SLAVYTYIEFVRANAPATNIKSECVRAAPIQNYRRVEHVRATAKSETQRYMVIE

Cvr&kova, Uvod do praktické bioinformatiky

globalni pfifazeni pouze u sekvenci, které jsou si
podobné po celé délce srovnavané sekvence (za cenu
vhaseni mezer do jedné nebo obou sekvenci)

globalni pfifazeni se pouziva prfedevSim v pfipadé
mnohacetného pfirazovani (CLUSTALW, viz dale)

lokalni pfifazeni umozni identifikaci a srovnani i v pfipadé
porovnavani pouze usekl sekvenci s vyznamnou mirou
podobnosti, napf. i pfi zaméné poradi proteinovych
domén béhem evoluce
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Analyticke nastroje
porovnavani dvou sekvenci

Volba spravného typu prirazeni pomoci bodoveho diagramu
(dotplot)

Sekvence X ATTGATCGGTCTTGCACTGA

Sekvence Y ATTGCTCGGTATTGCTCTGA 2 .
filtrace diagonal

kratSich nez 3

ATTGATCGGTCTTGCACTGA| X

vyneseni sekvenci proti sobé

B (&
¢
;
¥ ¥
g {
3 X
: :

Cvr&kova, Uvod do praktické bioinformatiky

identifikace shody v okné o dané velikost

,odfiltrovani“ diagonal o délce mensi S|
hodnota (threshold)
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Analyticke nastroje
porovnavani dvou sekvenci

priklady srovnani sekvenci pomoci bodoveho diagramu

Cvr&kova, Uvod do praktické bioinformatiky

globalné Ize srovnavat pouze sekvence A, B

ostatni sekvence prosly b&éhem evoluce 2
a je nutné je porovnavat lokalné

bodovy diagram Ize ziskat pomd
programem BLAST2 (viz dale)
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Analyticke nastroje

BLAST http://ncbi.nlm.nih.gov/BLAST/

-
<3 NCBI

Mucleotide . Translations Fetriewe results for an RID

Heareh | °

Praktikum zakladd genomiky, zima 2007



Cvr&kova, Uvod do praktické bioinformatiky

Podstata algoritmu BLAST

(Basic Local Alignment Search Tool)

Velikost vyhledavaciho slova (word size): 10-11 bp, resp. 2-3 aa

Primarni podobnosti (seed matches)

Rozsifovani oblasti homologie doprava |
doleva

Hodnoceni homologie pomoci matice PAM (Point Accepted
Mutation) nebo BLOSUM (BLOcks Substitution Matrix)

Matrice PAM 250

Zobrazeni vysledku
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Analyticke nastroje

E= expectancy
value beta [(ACTB), mENA
{560
965,/1100 |
Plus / Plus
ast Hits on the Query Sequence

y for Alignment Scores

I s0-s0  [80=200  INS=S0ONNN

1250 1500

”expectan e i mrm e e et mavem e s — i
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Analyticke nastroje
specializované typy BLASTu

V soucCasnosti existuje cela rad specializovanych verzi
programu BLAST

vyhledavani podle zdroje (organismu) sekvenci, napf. znamych
genomu mikroorganism

BLASTP
. vyhledavani podobnosti k proteinu v databazi
proteinovych sekvenci
BLASTN
. vyhledavani podobnosti k nukleotidové sekvenci v

databazi nukleotidovych sekvenci

. dalSi varianty jako napf. MEGABLAST pro identifikaci
totoznych nebo velice podobnych sekvenci (vyhledava
dlouhé podobné useky nukl. sekvenci)

BLASTX

. vyhledavani podobnosti k proteinu v databazi
nukleotidovych sekvenci prelozenych do sekvence aa
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Analyticke nastroje
specializované typy BLASTu

V soucCasnosti existuje cela rad specializovanych verzi
programu BLAST

TBLASTN
. vyhledavani k sekvenci nukleotidi pfelozené do
sekvence aa v databazi proteinu

TBLASTX

. vyhledavani k sekvenci nukleotidi pfelozené do
sekvence aa v databazi nukleotidovych sekvenci
prelozenych do sekvence aa
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Analyticke nastroje
specializované typy BLASTu

V soucCasnosti existuje cela rad specializovanych verzi
programu BLAST

PSI-BLAST (Position-Specific Iterated Blast)

. Prvnim krokem je standardni BLAST, pfi kterém PSI-
BLAST identifikuje skupinu podobnych sekvenci s E
hodnotou lepSi nez minimalni hodnota (standardné 0,005)

. PSI-BLAST vytvafi pro kazdé pfifazeni tzv. PSSM
(position specific substitution matrix)

. PSSM matice zohledriuje vyskyt jedné aminokyseliny ve
stejné pozici se zvySenou frekvenci u sekvenci
identifikovanych jako podobné v prvnim kole pomoci
BLAST, coz mlUze znamenat funkéni konzervovanost
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specializované typy BLASTu

V soucCasnosti existuje cela rad specializovanych verzi
programu BLAST

PHI-BLAST (Pattern-Hit InitiatedBlast)

. Uréen k identifikaci specifické sekvence, napf. motivu
(pattern) v sekvenci podobnych proteinovych sekvenci

. Sekvenci motivu je tfeba vlozit pomoci specialniho
syntaxu
. [LVIMF] znamena bud Leu, Val, lle, Met nebo Phe
. - je oddélovnik (neznamena nic)
. x(5) znamena 5 jakychkoliv aminokyselin
. X(3, 5) znamena 3 az 5 jakychkoliv aminokyselin
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specializované typy BLASTu

Priklad vyhledavani pomoci PHI-BLAST

YEE( 'L' /EMEC

=

- [LIVM] -x (5,113 -R- [STAD] -A-x- [LIVMA] -
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Vyhledavani sekvencnich motivu, otevienych Hj
Gtecich ramcu, restrikénich mist....
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1 http://workbench.sdsc.edu/

Biology WorkBench

chok hearie o

togghte belwoan
menus and butfons

; ‘zrtp .--"'h-m }‘J:en ‘h sdsc edu

Version 3.2

|. - n Tools | | Protein Tools | | | Alisnment Tools | | &tucture Tools (Alpha) |

[+*] GBPLN 204555 Hordeum vulgare L. beta-glucosidase (BGO60) gene, complete cds.
[[] GEPLN:170248 Nicotiana tabacum glucan beta-1,3-glucosidase gene, complete cds.

Copyight [C] 1999, Board of Trusteer of the Thndvwersity of Olinois.

el
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[NEXT] [BOTTOM]

Nicotiana tabacum glucan beta-1,3-glucosidase gene, complete cds.
GBPLN:170248, 4699 bhp

>170 2]

GAGC TCCCTIGEEEEECAAGEGCARAAC T T T T TIGCTARATGEAL A AATATTATACCARGTET T ETARTA
GTTACTCARTTTGAATTARC AR AGEEEC AR TTTGACTATTTIGCCCTTATATCTTTTGE TCACARDARC
ATARRATATCCCATCCGRAAATTCCARA T TCCATTATCGEC ARG TAGC TT I CTTTAATTATAGTTAGTT
GARCRRRRCACTATCARGATATCATTATTATARTAATAACTITCARAGTCCATC ATCTTAGC TGCCTCCTCA
GTAGRAGCCEGCCAGTARARTANGACCEGATCARRTARRAGCCECCATTARARTAATGAATTTTAGEFACTCTC
GATTGECACGTAAGTGCCARL AMCTCTTCCAMTACTTIGC TECARCTTGEEEC TEGCTAGETIC TGAGCTTC
CAGATATGEEATAT T N TAAGT T TATC TCC TAATTTACATC TCARMC TAATATTANGARATTARBC AGETR
CAGCARRTCATAARATT T TCCTCTARAGAAGAC AATGARTCCGETTACTGATTCATTGECCTTTTCAGRG
TCTEC AT G CATATTC ACTAMGGGETCET T GETACARGAR AT ATARTARTAATTTCGEFEFATAGALTTT
GAGAT I GCATT T ATC TG TG T T TR ATTAT A MG TATTAGC TAATT TCAGRATA LM TTTTAC ACTAARATRG
TARARRTCARCTATC ACATETAGHMGETEFEAATEEAATAGC TALNTCCCATAGCCACTCACATAGRATATCC
TTATT AT TCACTATT TTACC AR A TGATC GETTAGTCTICATGAGARTCCAGTATCCTCARATARARTGCR
GTARGAAGTTAGA AR TT T AT TARATCARTTCATATARTT AL RAATATTAGATATEEFAGCACTTANG
ATACARTARALGATGTACCGTTARTAATARLAGATAAGATAGAGT T T TARAATAGGRAARRARALDACGETT
CEAGACACTCTTATGGA GGG T T T AR AGTAGATTCTCATTC AT G TCTEETECARTAGC AR AR
TEACATC TTACTCTTARGATAC AGCGAGCCACTC TAC AR TC TITC TAT TG TATACTCARATGALRGTTTTA
GAGARRACTTTCA AT T AN TRC TT T TARGGEAATTC AR L TACGACCAATATTTATTACTTACTTRAC
TTATAGTTAALTGATATGARTT T TATT T T AL AT T TGARATTGALMATATTARATTACTTGATT TAATATAR
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Regex pattern:

ett. {1,32}ett
0 sequences were searched

1 match was found

Matches are indicated m blue

GAGCTCCCTTGEEGEECARGEECARA ACTT T T GCTARATGGA R AR ATATTATACCARGTGTTGTAATR
GTTRACTCAATTTGARATTARCARRGEHFFCARRTTTGACTAT T T IGCCCTTATATC TTTIGETCACKARARAC
ATARRATATCCCATCCGARARATTCCARATGETCCATTATCGEC ARG TAGCTTTCTTTAATTATAGTTAGTT
GRCARRRACACTATCARGATATCATTATTATARTAATARCTTICARAGTCCATCATC TTAGCTGCCTCCTCR
GTAGRAGCCGCCAGTARARATAMGACCGATCARATARARGCCGCCATTARRRTARTEAATT T TAGEACTCTC
GATTGECACGTARGTGCCARMRCTCTICCRARTAC TTTGCTEC A RC TTEEEEC TGC TAGEFTICTGAGCTTC
CAGATATGGGATATT N TAAGTTTATC TCCTAATTTACATC TCARC TARTATTARAGAAATTARRCAGETR
CAGCRRATCATRARRATT T CCTCTARRAGRARGRCA ATGAATCCGETTACTGATTCATTGEHCCTTITIC AGRG
TCTGECATGCCATATTC ACTA MGG TCETT I GEGTACARGARATRATAATARTARTTTC GGEATAGA ATTT
GRAGATTGCATT TATC TG TG T T TAATTATARGTATTAGC TARTTTCAGARTARRTTTTACACTARLR ATRAG
TARRRTCARCTATCACATETAGAAGETGEAATGEAATAGCTAMNTCCCATAGCCACTCACATRAGRATATCC
TTATT AT C T CAC TATT T TACCAR A TGATCGETTAGTC T CATGAGARTCCAGTATCC TCARTAR R TGCR
GTARGAAGTTAGARARTT T T CATTAAATCARTTCATATAATTTAARAATATTAGATATGEAGC AMCTTARS
ATARCRATARNDRGATSTACCGTTARTAATARRRGATARGATAGAGTTTTARRTAGGARRARRREDRCGETT
CEAGRCACTC TTATSSARS TG CTTC ARG TAGATTCTC AT TCATTGC TCTGETGCARTRAGC AR AR
TEACATCTTAC TC TTRAGATRC AGCE ( CTCTACERRTCTTC TATTGTATACTCARATGRARBGTTTTA
GAGRRCTTTCA R T T T C AN TACTT T TARGGGARATTC AR ATACGACCARTATTTATTACTTACTTAC
TTATAGTTAR A TGATATGAATTTTAT T T TAR AT TIGARTTGARRATATTARATTACTIGATT TARTATAR
ACARTAGATATCGCTARGTATTTACCACARRCATGEAGATACTAC AGARGATT T TATTATT IGTARCGAT
GATTARGCAGCTATTC ATC TG TG TG AGGATGARRGAR MG TRRC TAGC TATAATTTCTT T IETAR RGT
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Frame 1, 1 stop codon

E L P W G A B A EKE L F A K W K N I I F &5
gagetecektbggggggocaagggoaaaactittigetaaatggaaaaatatbtataceaagt 60
¥ ¢ W 5 ¥ 5 I * I W K G A N L T I L P L
gtttgtaatagttactecaatttgaattaacaaaggggecaaattbgactatktttgeeektta 120

um glucan beta-1,!: das complete o

S 8 L & & g & @ W F L L W & K I L ¥ g W
agotecctbtggggggecaagggeaaaacttbttgeotaaatggaaaaatattataccaagtg 61
F ¥ I v T g F E L T K &3 g I * L F € P

tttgtaatagttactecaatbttgaattaacaaaggggecaaatttgactattbtgecetkta 120
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— Linear Map of Sequence:
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Selected Sequence(s)

» Lycopersicon esculentum beta- 13-glucanase mFIMA, complete cds.,
Capsicum annuum clone GC 170 beta- 1,3-glucanase-like protein gene,,
Nicotiana tabacum glucan beta- 13-glucosidase gene, complete cds.,
Micotiana plumbaginifolia beta-(1,3)-glucanase gene for a vacuolar,
Hordeum vulgare L. beta- blm:nsuias: (BGQ60) zene, complete cds.

A A A -

Download a PostScript version of the output

GTT'I'GGTTGGTGI'GTGGTTGAGAhGTTGGAGTGGAGABI‘GGGGTAG&G

170381
11321163
170248
19686
L'-ATCH!-TL'-TATGTGI]AGTTL‘-AATAGTGTBMBAGBT.&GBGGAAGBAL’I‘GAGGGTTGTBG B4E55

I Zraa

e .muumﬁucrrmmﬂﬂ'rummmucm E@cunﬂcﬂﬂaﬁ

A - AE TEATTTLAL TTTCTAAC I-TAATT
ACCATGTTTACALE TG GTCGA I}BGG TG I-TATTT
CAARBAACATORCTCECE hAGAhG!AI}DAGGT I-GGEAEAAGA I-GGGAG 3

GEROAACAACTTEGOCATCACEE Fiik: )}
A . A OGP R R HET fEE Y 11321163
T I:GGGTﬁA A . GEHEAAGAACTTECCALENS 170248
G GECT LA A A [ GEHEAACGAACTTECCALENY 19688
EG BCT) LA A Al A A A A A A BAB5S

170381
. 11321163
BTCTACAAGTCAAGAAACAT! 170248
TUTAGAABTUAAGAAAGAT A 19586
BMELS
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1703381
11327110635
170243

19636

304600

Praktikum zaklad genomiky, zima 2007



Analyticke nastroje

VPCR http://elanor.sci.muni.cz/LMFR/vpcr/

Primer
Frimer 2

Primer 2

Primer 4

Primer 5
Fr r &
Frimer 7

Primer &
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1000

So0n

F000

2500
2000

1500

1000
ann
&00
Fon
1]
S00

10 NC_003076.1 2254475 2253554

400

1]

200

ia0

S0

Read 2 priverss 15 ratches and 1 arelicons. TEAP=S0oC
PCR limited bay Tag in cucle 19
Oile—-06 619 HC_003076.1 2254473 2253554 1 2
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DalSi www genomove nastroje
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TIGR (The Institute for Genomic Research, http://www.tigr.org/software/)

nstitute for

TIGR Home
Contact Us
ware Hame

Software T

Microarray

Grid Computin TIGR has many software s\ ad. All of them are OSI
Grid Computing Certified Open Source e. 2t more information l@
about the various packages and to download the source code.

Microarray - MIDAS, MADAM, MEV, Spotfinder

Alignment Grid Computing - BLAST, HMMsearch, Panda, Genomic Assembly, Mummer
ing / Finishing - AMOS, BAMBUS, AutoEditor, Assembler, Lucy
Gene Finding/

Annotation Alignment - MUMmer, AAT package

Other Gene Finding / Annotation - DAGchainer, MANATEE, PIRATE, PASA, GlimmerHMM, etc..

Praktikum zakladd genomiky, zima 2007



Zaklady genomiky .

shrnuti

= Role BIOINFORMATIKY v souéasném pojeti FUNKCNI
GENOMIKY

= Databaze
Spektrum ,,on-line” zdroju
PRIMARNI, SEKUNDARN| a STRUKTURALNI
databaze
GENOMOVE zdroje

= Analytické nastroje
Vyhledavani homologii

Vyhledavani sekvencnich motivu, otevieny
Gtecich ramcu, restrikénich mist....

DalSi www genomoveé nastroje
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