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Analyza DNA sekvence

=~ anotace genomu (sekvence)
* jdentifikace signall a genu
* anotace genu (jejich kédujicich sekvenci)



Anotace genu =~ anotace proteinu
Identifikace a popis fyzikdine-chemickych, funkcnich a
strukturnich viastnosti daného genuw/proteinu

* sekvence DNA, AA, pozice v genomu, délka, slozeni
* pbezne nazvy, odkazy na literaturu

* prislusnost do rodiny, evoluce

* partneri pro interakal, aktivita, regulacni mechanisnmy
* struktura, aktivni mista, role v metabolismu bunky



Eukaryotic Gene Structure
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Analyza DNA sekvence

Statistika

* frekvence n-gramu a jinych prvku, repetice, kodony
Signéini prvky

* TATA (promotor), ATG (start), STOP, GT (donor), AG

(akceptor) a pod

Kédujici cast

* podobnaost kodovane sekvence s jinymi proteiny
Kombinované pristup



Identifikace genu

U prokaryotl 95-100% spolehlivost, u slozitéjSich eukaryott
90% na Urovni bazi, 70% na Urovni exonl/intronu

* existence intronu

* vetsSi genony

* nizka hustota genu (<30%; 3% u Homo sapiens)
* alternativni splicing (zhruba u poloviny gent)

* velké nnozstvi repetitivnich sekvenci

* obcasny prekryv gent



Identifikace genu
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Eukaryotic Gene Structure

branchpoint site
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RNA Splicing
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Exon/Intron Structure (Detail)

ATGCTGTTAG ATCGATTGAC

e

—FExXon le—> «—Intron le—s «—Exon 2 «——

!

ATGCTGTTAGATCGATTGAC




Typicke signaly v eukaryotickych
sekvencich

Promotorove elementy
* CAP, CCAAT, GCaTATA
Kozakova sekvence (rozpoznavana ribozomem = RBS)
Splicing (donor, acceptor a lariat)
Terminacni signal
Polyadenylacni signal



Pol Il Promoter Elements

Exon Intron Exon

GC box CCAAT box TATA box Gene
~200 bp ~100 bp ~30 bp

Transcription
start site (‘TSS)



Pol Il Promoter Elements

Cap Region/Signal
-nCAGTNnG

TATA box (~ 25 bp upstream)
- TATAAANGCCC

CCAAT box (~100 bp upstream)
-TAGCCAATG

GC box (~200 bp upstream)
-ATAGGCGNGA



Pol Il Promoter Elements

TATA box is found in ~70% of promoters



WebLogos

Lambda © protein binding sites

o

http://www.bio.cam.ac. uk/cgl b1n/seqlog0ﬂ0g0 cgi



Kozak (RBS) Sequence




Splice Signals

branchpoint site
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Miscellaneous Signals

* Polyadenylation signal
-AATAAAOrATTAAA

- Located 20 bp upstream of poly-A
cleavage site

* Termination Signal

-AGTGTTCA

- Located ~30 bp downstream of poly-A
cleavage site



feavage and Polyadenylation of BEukaryotic

Polyadenylation

pre-mRHNAz nAD
CPSF CTsF
pre-mRa &l rich region
; ,@ —el s
Cleavage
=y ﬁ—mwm‘q@

Palvadertda ion

CPSF - Cleavage &
Polyadenylation
Specificity Factor

PAP - Poly-A
Polymerase

CTsF - Cleavage
Stimulation Factor



Analyza genomu — kombinovane metody

Neuronove site

* Grall, GeneParser
Linearni diskriminacni analyza

* (GeneHnder, GenelD, MZEF
Lingvisticka

* (Genelang
Markovowy retézce

* (Genie, GeneMark, GenScan, VEIL
Podobnosti

* Procrustes, AAT

Rozhodovaci stromy



Neural Network

Training Set Definitions Sliding Window
ACGAAG JCGahG
AGGAAG A =[001
AGCAAG == C=]010 ﬂ
ACGAAA G =[100’

AGCAAC [010100001]
Input Vector
E =[01]
EEEENN == oo o

Desired Output Output Vector




Neural Network Training

[010100001]

|

AcGahe

Input
Vector
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Hidden Weight Output
Matrix2 Vector



After Many lterations....

13.08 .12
24 .01 .45
76 .01.31 - -
06 .32 .14 03.93

03 .11 .23 01.24

21.21.51 1223
10 .33 .85
12 .34.09
».51.31.33 «

Two “Generalized” Weight Matrices



Neural Networks

L

ACGAGG

/ \
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Input Layer 1 Hidden  Output
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EEEENN
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Prediction



HMM for Gene Finding

Start Codon 16 Backadgzes

.:,,n )

//"

27 Splice Site




Combined Methods

* Bring 2 or more methods together
(usually site detection + composition)

 GRAIL (http://compbio.ornl.gov/Grail-1.3/)

e FGENEH (http://genomic.sanger.ac.uk/gf/gf.shtml)
 HMMgene (nttp:/www.cbs.dtu.dk/servicessHMMgene/)

o GENSCAN(http:/genes.mit.edu/GENSCAN.html)

e Gene Parser (http://beagle.colorado.edu/~eesnyder/GeneParser.html)

 GRPL (GeneTool/BioTools)



How Well Do They Do?

# af INH::IE&I.E-:.EE deCifrcy Feon accuracy
seg | Sn | Sp |AC |cC|ESn |ESp |ehnezsds | ME [WE [PCalPCp| OL
FGENES | 195(5) 0.86 0.88 |0.84 |0.83J0.67 [0.67| |os9] [0.12]0.09]0.20 [0.17 | 0.02
GenelMark | 195(0) 0.87 |0.89 |0.34 0.530.54| 054 10.130.11(0.29 [0.27 | 0.09
Genie  |195(15) |0.91(0.90 [0.89 Jo.agfo.71 j0.70| Jo.71] 019011015015 | 0.02
| Genscan | 195(3) [0.950.90 0.91 jo.91]o.70 070 fo71]| |o.08lo.09021 019 [0.02
HhMgene | 195(5) 0.93(0.93 0,91 o107 (0.77] |o76] [0.1200.07]0.14 014 | 0.02
046 (041 [043] p.20/0.28 (028 (025 0.07

| Morgan | 127(0) [0.75]0.74 [0.70
| MZEF | 11%(8) [0.70 |0.73 |0.68 0.58 |0.59| fo.59) 0.3210.23(0.08 |0.16 | 0.01

Programs

"Evaluation of gene finding programs” S. Rogic, A. K. Mackworth
and B. F. F. Ouellette. Genome Research, 11: 817-832 (2001).



GenomeScan -
http://genes.mit.edu/genomescan.htmi

d.
Run GenomeScamn: |

Orgatustn |‘\f“ertehrate =]

mequence name (optional); |

Print options: |F'redi|:ted peptides only ﬂ

Tpload your DIA sequence file (one-letter code, upper or lower case, spacesinumbers ighored):

Browse... |

Or paste your DINA sequence here (one-letter code, upper of lower case, spacesinumbers ighored):

-

= == | Docurent: Daone




TwinScan -
http://genes.cs.wustl.edu/

Washington University
5t. Lowis, MO

et Select Organism - (Fequired) annotations o
the UCSC
browser.

Home

Run TWINSCAN
Examples

Resources

Brent Lab

|Diocumnent; Done



SLAM -

http://baboon.math.berkeley.edu/~syntenic/slam.htmi
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- T - -

ﬁhﬂlﬂ Du'ﬂmﬂﬂd HE‘IP
Links 5443.

The SLAM server: submit pairs of syntenic sequences for gene annotation and aligniment

The server is currently configured for human (first sequence) and mouse (second sequence), but will work on other sequences at
sitnilar evolutionary distatices. Please make sure that both sequences are in the same orientation.

Enter vour emaill address (for obtaming results):

The first sequence {(in FASTA format):
The second sequence (in FASTA format):




GeneComber -
http://www.bioinformatics.ubc.ca/genecomber/
submit.php

UBIC& GeneComber

UBC Bioinformatics Centre gl jnitio @ene prediction server

Abougt Documentation Subrmit Sequences Retriewe Result= Dizplay Submissions Dovenilo=ds

cortact | helpdesk | report bugs
GeneComber Submission

Genecomber - Submit a Job

GenBank Aocession Number: I

Upload FastA DNA sequence: I E_IWSE:--
Upload Genscan owtput: I Browse.. |
Genscan Training Set: Im

Upload HMMGene autput: I ETDWSE--J
Frocessing Method[=]: Men W a W EUl_Frame

a-mail address [required]: I

Submit |

Harne | Abot | Document=tion | Submit Sequences | Retriewe Results | Display Submissions | Dorvynl oads

= == | Document: Daone




Srovnavani sekvenci




Ruzné kategorie podobnosti

homologs
. .

~ ~~

. paralogs :

\ - o N \

= % A
~ _ = T _ ~
frog v chick( mouse(x mouse[ chick}  frog3

(r-chain gene (j-chain gene
\.gvne duplication /
early globin gene




Hodnoceni podobnosti

|Range of Allgnment'
A
r

ATTGTCAAAGA ﬁ@ NGCTGATGCAT
EREEER

GGCAGACATGA-LTGACAAGGGTATCG
|Mi5matchi/

S= Zr’identitiee, mismatches) - % (gap penalties)

score = MlaX( S)



Zarovnani sekvenci

ACGTGA -> ACGTGA ->
CGTG -> CGTG -> 4
ACGTGA

TCGTA

ACGTGATGCAG

GGAGAGCACG

ACAGTTGACGAGATGGCAGGATGCGCGATGCAGCA
GACGAGCGTGAGTGCGATCGATGACAGTGTATAT



Zarovnani sekvenci

ACGTGA

$222 4
CGTG
ACGTGA

s ¢ 4
TCGT-A
ACGTGATGCA-G

T 23 s ¢ 7

GGAGA-GCACG



Aligning Two Sequences

ATTGCAGTGATCG
ATTGCGTCGATCG

Solution 1: Solution 2:

G TCG
/ / [1]]

ATTGCGTICGATCG ATTGC-GTCGATCG



Which alignment is better?

ATTGCAGTGATCG
ATTGCGTCGATCG

Solution 1: Solution 2:

ATTGCAGTGATCG ATTGCAGT-GATCG

[111] [111] (1101 rrir
ATTGCGTCGATCG ATTGC-GTCGATCG

10 matches+ 3 mismatc 12 matches+2 gaps




Scoring Scheme

Match +1
Mismatch -1
Indel -2



Which alignment is better?

ATTGCAGTGATCG
ATTGCGTCGATCG

Solution 1: Solution 2:

ATTGCAGTGATCG ATTGCAGT-GATCG

[T [111] [Hrr i rrir
ATTGCGTCGATCG ATTGC-GTCGATCG

aSp» €




Finding the best alignment

for lonc

For two sequences of length 300
bases there are 10!'° different
alignments

Dynamic programming



Dynamicke programovani
Needleman-Wunsch (1970)
Smith-Waterman (1981)
Prvni krok je trividini a pokryva castecné reseni
Kazde dalsi feseni je hodnoceno na zakladeé predchazejicich
zjisteni
Zarovnani je tak postupné prodiuzovano o dalsi triviaini Useky
Opakovani pfedchozich kroku wusti v koneéné reSeni



Dynamic Programming Algorithm

Seq 1) * A G C 0
Seq 2) * AAAC Al
A2
A3
c4

Needelman-Wunsch algorithm (1970)



Dynamic Programming Algorithm

A G C
O 1 2 3
X — - -
AGC 000 -2 -4 -6
* A AAC
All -2
match=1 A2 -4
mismatch=-1 A 3| -6




Dynamic Programming

Algorithm
A G C
O 1 2 3
0l 0 .2 -4 -
x A G C o\ °
x A — — A A C A1l -2 1+«
A2 4
match=1
mismatch=-1 A3 -6
indel=-2 cal 8




F(i-1,3-1) F(i-1,73)
.
%
-
2, -d
F(irj_l) F(lrj)
_




F(i'15 1'1) t S(XiJ .V,)

F(-1,j)-d

. F(,j1)-d
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Local Alignment Example

AT C T A A
01 2 3 4 5 6
0
ATCTAA o1
TAATA a5
A3
T4
A
Smith-Waterman algorithm, 1981



Local Alignment

F(i,j)= max

F(i'15 1'1) + S(Xi, y:)

F(-1,j)-d

F(i,j-1)-d

0
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Examples :

Genomic DNA versus mRNA

Ex] (I EX2 I & EX3

Alignment

X1 B Ex2

EX3
gap

gap gap



Gap Penalties

AAC-AATTAAG-ACTAC-GTTCATGAC

A-CGA-TTA-GCAC-ACTG-T-A-GA-

AACAATTAAGACTACGTTCATGAC———

AACAATT———————- GTTCATGACGCA




Scoring Gaps

AAC-AATTAAG-ACTAC-GTTCATGAC

A-CGA-TTA-GCAC-ACTG-T-A-GA-

I

AACAATTAAGACTACGTTCATGAC———:12

AACAATT———————- GTTCATGACGCA

Scoring parameters
match:+1;Gap_open:-2




Scoring Insertions/Deletions

AAC-AATTAAG-ACTAC-GTTCATGAC
, —
A-CGA-TTA-GCAC-ACTG-T-A-GA-

AACAATTAAGACTACGTTCATGAC———__6

11
AACAATT-———————- GTTCATGACGCA

Scoring parameters
match:+1;indel:-2




Considering Gap Opening and Gap Extension

AAC-AATTAAG-ACTAC-GTTCATGAC

A-CGA-TTA-GCAC-ACTG-T-A-GA-

AACAATTAAGACTACGTTCATGAC—--

10 1
AACAATT———————-— GTTCATGACGCA

Scoring parameters
match:+1;Gap_open:-2; Gap_exten:-1







