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Osnova

= Postupy ,primé" a reverzni genetiky
= rozdily v myslenkovych pristupech k
identifikaci genu a jejich funkci

= |dentifikace genu ab initio
= struktura genu a jejich vyhledavani
= genomova kolinearita a genova homologie

= Experimentalni identifikace genu

= priprava genove obohacenych knihoven
pomoci technologie metylacniho filtrovani
= EST knihovny

=  prima areverzni genetika
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Osnova

= Postupy ,prfimé" a reverzni genetiky

rozdily v mysSlenkovych pfistupech k identifikaci gent a
jejich funkci
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Prima vs. reverzni genetika
Revoluce v chapani pojmu genu

,Reverzneé geneticky" pristup

S TTATATATATATATTAAAAAATAAAATAAAA
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Pristupy ,klasické” genetiky
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|dentifikace role genu
ARR21

» Predpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis
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B
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|dentifikace role genu
ARR21

Recent Model of the CK Signaling via Multistep Phosphorelay
(MSP) Pathway

K

HPt Proteins —t

* AHP1-6
Response Regulators

@ ARR1-24
NUCLEUS @ REGULATION OF TRANSCRIPTION
INTERACTION WITH EFFECTOR PROTEINS

PM

AHK sensor histidine kinases
« AHK?2
« AHK3
* CRE1/AHK4/WOL
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|dentifikace role genu
ARR21

» Predpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

« Mutant identifikovan vyhledavanim v databazi inzerénich mutantu
(SINS-sequenced insertion site) pomoci programu BLAST
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ldentifikace role genu
AR R21 — izolace inz. mutanta

vyhledavani v databazi inzerénich mutantt (SINS)

Insert SINS:
Query: 80

Shjct: 58319
Arr21: 1830

Insert SINS:
Query: 140

Shjct: 58379
Arr21: 1890

01 09 64
tdEtaEcgttcatgagcgtaccatacttgacaanagagaacgtagccagccatttacagg 139
trrreeeerrrereerrrreeeererereeerr oreeeerrerrererrrreerrrere
tcctagoegttecatgagegtaccatacttgacaagagagaacgtagoecagecatttacagg 58378

01 09 64
tttgatatctcttgtcaaaaatgtttttggattttactgt 179

FEEEETErr e e e e e et r e el
tttgatatcteottgtcaaaaatgtttttggattttactgt 58418

lokalizace inzerce dSpm v genomové sekvenci ARR21
pomoci sekvenace PCR produkti

16k - d11

ATG.
D2

D1 K W 1727bp 1728 bp P
16k - 16D




|dentifikace role genu
ARR21

» Predpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

« Mutant identifikovan vyhledavanim v databazi inzerCnich mutantt
(SINS-sequenced insertion site) pomoci programu BLAST

» Exprese ARR21 u standardniho typu a Inhibice exprese u inzercniho
mutanta potvrzena na urovni RNA
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|dentifikace role genu
AR R21 — analyza exprese

Standardni typ
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|dentifikace role genu
ARR21

» Pfedpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

« Mutant identifikovan vyhledavanim v databazi inzerCnich mutantt
(SINS-sequenced insertion site) pomoci programu BLAST

* Exprese ARR21 u standardniho typu a Inhibice exprese u inzercniho
mutanta potvrzena na urovni RNA

» Analyza fenotypu inze€niho mutanta
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|dentifikace role genu
AR R21 — analyza fenotypu mutanta

* Analyza citlivosti k regulatorim
rustu rostlin

100
=  2,4-D a kinetin
= etylén - 30
= svétlo rliznych =
vinovych délek é’“ 10
<
o~

 Doba kveteni i poCet semen
nezmenén

e 0 1 3 10 30 100 300 1000

kinetin ug - I
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|dentifikace role genu
AR R21 — priciny absence fenotypu

* FunkCni redundance v ramci genove rodiny?
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|dentifikace role genu
ARRZ21 - pribuznost ARR genu

: &
Legenda: 4 -
O ARR-A 5 2
2 &
B ARR-B
@ nalerena alespofi jedna EST ..
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o
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|dentifikace role genu
AR R21 — priciny absence fenotypu

* FunkCni redundance v ramci genove rodiny?

* Fenotypovy projev pouze za velmi specifickych podminek (?)
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|dentifikace role genu
ARRZ]. — shrnuti

» Gen ARR21 identifikovan pomoci srovnavaci analyzy
genomu Arabidopsis

= Na zakladé analyzy sekvence byla predpovézena jeho
funkce

» Byla prokazana mistné specificka exprese genu ARR21 na
urovni RNA

» |dentifikace funkce genu pomoci inzerCni mutageneze v
pripade ARR21 ve vyvoji Arabidopsis byla neuspesna,
pravdépodobné v dusledku funkéni redundance v ramci
genove rodiny
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Osnova

= |dentifikace genu ab initio
= struktura genu a jejich vyhledavani
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Struktura genu

promotor
ATG....ATTCAT ‘
pocCatek . =
transkripce a
<
2

pocatek -
. o

ATTATCTGATATA ....ATAAATAAATGCGA

O




Sestrin RNA

5' 3
. splice splice ,
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|dentifikace Genu Ab
INItio

zanedbani 5°a 3 UTR

identifikace pocatku translace (ATG) a stop
kodonu (TAG, TAA, TGA)

nalezeni  donorovych (vétSinou GT) a
akceptorovych (AG) mist sestrihu

vétSina ORF neni skuteCcné kodujicimi
sekvencemi — u Arabidopsis je asi 350 mil. ORF
na kazdych 900 bp (!)

vyuziti rdznych statistickych modelt (napf.
Hidden Markov Model, HMM, viz doporucena
studijni literatura, Majoros et al., 2003) k
posouzeni a ohodnoceni vahy identifikovanych
donorovych a akceptorovych mist

EVROPSKA UNIE

el L] rl .

=~ - \\]l;‘,l{.s,f?s
o Sea 2g®.
. = o
3 5 %
n Z
MINISTERSTVO SKOLSTV| OP Vzdélavani % &

v ILADEZE A TEL CH pro konkurenceschopnost ANA®

..a\’ Vi
Venst

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socialnim fondem
a statnim rozpoétem Ceské republiky



Predikce mist sestrihu

=  programy pro predikci mist sestfihu
(specificita priblizné 35%)

(http://www.tigr.org/tdb/GeneSplicer/gene spl.html)
(http://deepc?2.psi.iastate.edu/cgi-bin/sp.cqi)
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SplicePredictor

BCB @ ISU Bmmfcgﬂ;atlcs 2 Dawnload Help Tutorial References Contact

SplicePredictor

- a method to identify potential splice sites in (plant) pre-mRNA by sequence inspection using
Bayesian statistical models
(click here to access the older method using logitlinear models)

Sequences should be in the one-letter-code ({a,b,c,g,h,k,m,n,r,s,t,u,w,y}), upper or
lower case; all other characters are ignored during input. Multiple sequence input is
accepted in FASTA format (sequences separated by identifier lines of the form
“>SQ;name_of sequence comments”) or in GenBank format.

Paste your genomic DNA .

G BAATG

ye

3

TTTGGGTGGTGCTGACTGGTGACTG WCTGCAGAATG

... or upload your sequence file (specify file name):

Browse... |

. or type in the GenBank accession number of your sequence:
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SplicePredictor

What do the output columns mean? : 6 AACAAAG : : ATAATES ; JAAGGAAAGE ‘ : MG
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ldentifikace Genu Ab
Initio
=  programy pro predikci mist sestfihu

(specificita pfiblizné 35%)

(http://www.tigr.org/tdb/GeneSplicer/gene spl.html)
(http://deepc?2.psi.iastate.edu/cgi-bin/sp.cqi)
(http://www.cbs.dtu.dk/services/NetGene2/)
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NetGene 2

CENTERFOD
RBIOLOGI
CALSEQU

LYSIS CBS

BS >> Prediction Servers >> NetGene2

NetGene2 Server

The NetGene2 server is a service producing neural network predictions of splice sites in human, C. elegans and A. thalial

Instructions Qutput format Abstract
SUBMISSION

Submission of a local file with a single sequence:

File in FASTA format Browse... |

@ Human

_C. elegans
A thaliana
[ Clearfields || Sendfie |

Submission by pasting a single sequence:

Sequence name
__'Human

_IC. elegans
@A thaliana
Sequence

ATGATCTTARACAGCT

ACTCTTATTATTTTTCTTTAGTTTATTA

(CHRE

[ Clearfields || Send fie |

NOTE: The submitted sequences are kept confidential and will be erased immediately after processing.

Performanc



NetGene 2
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Sestrihn RNA a adaptace

= odchylky rozpoznavani mist sestrihu u rostlin v praxi - priklad
vyvojove plasticity (nejen) rostlin

« identifikace mutanta s bodovou mutaci (tranzice
G—A) pfesné v misté sestfihu na 5 konci 4.
exonu

Bsml AlwNI
Bpml PfIMI Asel Psil Spel  Bcll
CTG:@ATI'ACAAAGT GI'I'A'I'IGTCTIGATCCTAAATI’GOA GC C GKB C ATITCT (IJAGSAACTGGGAAGZT OACTGGT @AAAPCACAEAA@AAGATAAACA‘ITATI’AA‘IGA G AATGI:A‘I‘I’ATAAAG:OAGBMG@T AGTAG'ITGI'C'IOCTAACTAG GAT@AAG‘I'I'I‘I’ATACCTI‘OMGTGT CCT 14
MW AA G @AmATAACAGAACTAGGA‘I‘ITAACIT AOGOGAACACAAAAGATAAAGA(I;T (I:'I'I'GAC()G(I C(‘AGT GAO(A(XE GTGTA(Z (‘GGTI' CI'A G AATAATI'ACT ACAA‘I'I'ACOSTAATA (IBG mmm%mmATCMMCTAGﬂCMAATAmmA

LvvvsS.LVLIKVLYLOQVC

LF’DR_Uﬂ) L 1o splicing
L B
L

r EXON-3

ELVKLTGAKTHEAKINTIINDVNGIIKPGR
‘ PDR exon 3 ORF ‘

Pstl
BspMI Hpal Stul Pvull

TA'I'I'CTI' C'I'I'(IITGTI'GC@ITAAO\CI’ GIT (IZ'ITGGT GZT (I:TAGCT (XISGQAAAACAACTI'[GITAMG(IZCIT G CTGGMA'I'ITAGMAA(AATCT AAA(ISTI'CTAATGA'IGAAKIIAG'ITATATCA C GTGAAGA GC m G GTGAAGTI'IGTACC'I'I'IT C 1653

ATAAGQAGMCIBAOMCGT (IAA G @mmmwmmmmmmm@@cc /-\AA Cl G AGKI'ITCDQAGA'ITACT ACTI'I'CGTCAATATAGT AAAAGAAOGC'IT CTAAAAAAAO@CGT (IEACACAC'IT @MCA'IGGAAPAG

LFFLLLOQ i |
no splicing— L pis1 EXON-4 |

CGKTTLLKALSGNLENNLK
\—pis1 exon4ORF |

‘ EXON4 |

HLTLLLGPPSCGKTTLLKALSGNLENNLK
‘ PDR exon 4 ORE | |

* X

*
* * a

* *
* oy k

-y RS URUUUNUSPPURNN |
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Sestrihn RNA a adaptace

identifikace mutanta s bodovou mutaci (tranzice G—A)
pfesné v misté sestfihu na 5° konci 4. exonu

analyza pomoci RT PCR prokazala pfitomnost fragmentu
kratSiho nez by odpovidalo cDNA po normalnim sestfihu

PDR_U1a/PDR_L1 PDR_U1b/PDR_L1b

- 500 bp
- 500 bp - 400 bp
- 400 bp - 300 bp
- 300 bp - 200 bp
- 200 bp e

100 bp




Sestrih RNA a adaptace

odchylky rozpoznavani mist sestrihu u rostlin v praxi - priklad
vyvojove plasticity (nejen) rostlin

* identifikace mutanta s bodovou mutaci (tranzice G—A) presné v
misté sestfihu na 5° konci 4. exonu

 analyza pomoci RT PCR prokazala pfitomnost fragmentu
kratSiho nez by odpovidalo cDNA po normalnim sestfihu

» sekvenace tohoto fragmentu pak ukazala na alternativni sesfih s
vyuzitim nejblizSiho mozného mista sestfihu v exonu 4

Bsml AlwNI
Bpml PAMI sel Psil Spel Bell

CTGCGAATTACAAAGTTGTTATTGTCT TGATCCTAAATTGAATGCTCTTGTGTTTTCTATTTCTCCAGGAACTGGTGAAGCT CACTGGT GCAAAAACACATGAAGCCAAGATAAACATTATT AATGATG TTAAT GGCAT TATAAAGCCAGGAAGGTTAGTAGTTGTCTCCTAACTAGTT TTGATCAAAGTTTTATACCT TCAAGTGTGCT 147

GACGCTTAATGTTTCAACAATAACAGAACTAGGATTTAACTTACGAGAACACAAAAGAT AAAGAGGTCCTTGACCACTT CGAGT GACCACGTTTTTGTGTACTTCGGTTCTATT TGTAATAATTACTACAATTACCGTAATATTTCGGTCCTTCCAATCATCAACAGAGGAT TGATCAAAACTAGTT TCAAAATATGGAAGT TCACACGA

LVVVS.LVLIKVYLYTLGQUVC
L no splicing

LpPDR_U1b
M

l EXON 3

E LV KLTGAKTHEAKTIEINTIT I NDVNGTIII KPGR
L PDR exon 3 ORF |

Pstl

BspMI Hpal Stul Pvull
TATTCTTCTTGCTGTTGCAGGT TAACACTGTTGCTTGGT CCCCTAGCTGCGG! ACAACTTTGT TAAAGGCCTT GT CTGGAAAT TTAGAAAACAAT CTAAAGGT TCTAATGATGAAAGCAGTTATATCATT TTCTTGTGAAGAT TTTTT TGCTGCAGCTGTGTGAAGTTTGTACCTTTTC 1653

AT AAGAAGAACGACAACGT CCAAT TGT GACAA CGAAC CAGGAGGATCGACGC QI TTT TG TTG AAACAAT TTCCGGAACAGACCT TTAAATCT TT TGT TAGAT TTCCAAGATT ACTACTT TCGTCAAT AT AGT AA AAGAACACTT CTAAAAAAAC GACGT CGACACAC TT CAAACATG GAAAAG

L FFLLLZQ 4
no splicing F pis1 EXON 4 !

C 6GKTTLULKALSG GNLENNTLK
e —

pis1 exon 4 ORF

F
L EXON 4

DLTLLLGPPSCGKTTLLKALSGNLENNLK
L

PDR exon 4 ORF |




Sestrih RNA a adaptace

odchylky rozpoznavani mist sestrihu u rostlin v praxi - priklad

vyvojove plasticity (nejen) rostlin

identifikace mutanta s bodovou mutaci (tranzice |~ o L)
G—A) pfesné v misté sestfihu na 5° konci 4. exonu ‘

@g}.l';.-gl (AR )
, , . vr Q/
analyza pomoci RT PCR prokazala pritomnost % o
fragmentu kratSiho nez by odpovidalo cDNA po oy ga‘ o

normalnim sestrihu

Decapping?

sekvenace tohoto fragmentu pak ukazala na o%,,@m

alternativni sesrih s vyuzitim nejblizSiho mozného =
mista sestfihu v exonu 4

TE=

existence podobnych obrannych mechanizmu prokazana i u jinych
organizmu (napf. nestabilita mutantni mMRNA se vznikem pfedcasného
stopkodonu (> 50-55 bp pfed normalnim stop kodonem) u eukaryot, viz
doporucena studijni literatura, Singh and Lykke-Andersen, 2003)

* *
* oy k
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|dentifikace genu ab initio

L programy pro predikci exonu

a 4 typy exonu (podle polohy):
* iniciaéni
* vnitfni
 terminalni
 jednoduché

o programy kromé rozpoznavani mist sestfihu
zohlednuji i strukturu jednotlivych typu exonu

* iniciacni:
(http://genes.mit.edu/GENSCAN.html)
(http://opal.biology.gatech.edu/GeneMark/)

* interni:
(http://rulai.cshl.org/tools/genefinder/)
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GENESCAN

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

For information about Genscan, cli

—:
his server provides access to the program Genscan for predicting the locations and exon-intron

tructures of genes in genomic sequences from a variety of organisms.

his server can accept sequences up to 1 million base pairs (1 Mbp) in length. If you have trouble with
e web server or if you have a large number of sequences to process, request a local copy of the

program (see instructions at the bottom of this page) or use the GENSCAN email server. If your browse
e. 2., Lynx) does not support file upload or multipart forms, use the older version.

NVENIS M Arabidopsis Suboptimal exon cutoff (optional):
bequence name (optional): (Sl
st dyestentll Predicted peptides only

pload vy DNA sequence file (one-letter code, upper or lower case, spaces/numbers ignored):

[ Browse..._]

Pr paste your DNA sequence here (one-letter code, upper or lower case, spaces/numbers ignored):

'0 have the results mailed to you, enter your email address here (optional):

Run GENSCAN Clear Input




.00 Prom
J0X " Tni€
02 Intr
.03 Intr
Intr
.05 Intr
.06 Intr
.07 Term
.08 PlyA

N
o
=Y

[+

.03 PlyA
2.02 Term
2.01 Init

Suboptimal

Exnum Type

.001 Init
.002 Init
.003 Intr
.004 Intr
.005 Intr
.006 Intr

mmwnnnwn

GENESCAN

GENSCANW output for sequence CKI1

S .Begin ...End .Len Fr Ph I/Ac Do/T
+ 1497 1536 40

+ 3708 3764 57 2 0 63 51
* 3894 4133 240 2 0 = 7
+ 4255 4914 660 0 0 86 59
+ 5005 5383 379 0 1 70 91
+ 5473 6056 584 2 2 38 99
+ 6136 7368 1233 0 O 68 108
+ 7448 7660 213 1 0 43 35
+ 7910 7915 6

- 7976 7971 6

- 8793 8050 744 0 0 107 37
- 9253 8936 318 1 0 105 73

exons with probability > 0.100

S .Begin ...End .Len Fr Ph B/Ac Do/T
+ 1867 1905 39 0 O 64 40
+ 2374 2442 69 0 O 55 85
+ 3894 4110 217 2 1 -3 -34
+ 4352 4914 563 0 2 75 59
+ 5005 5379 375 0 0 70 8
+ 5442 6056 615 2 0 95 99

CodRg

37
327
296
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582
655
212

542
386

307
338
335
589

OO0 00000

o OO0 OO0 OoO

.499
o
Sk
772
.722
L9777
.999

.997
.999

.298
.132
177
.187
.212
.208

-3.85

17.32
22.57
31.41
50.76
56.86
12.65
-0.45

-4.83
48 .46
41.18

3.74
2.40
11.55
26.20

57.32

p

E
o
——— | ——
o o o o
- ot o o
por pa e
E |
e
L 029311b_low —— e xhos7 ————
" f I
o e
L u|
. [
[ " |
S
L |
e im——
e p—
o o
TTCTACATTTCTACTCATCTCETTCTTGTTTTTCAAATGATATAAT i ’
}
. " al
[ [1 Pr
]
o e
B . P
}
—
—_
. .
e et = (o
! Lo
fl |

TTATGACTT

okara— — cxippown—




GENESCAN

GENSCAN predicted genes in sequence 02:56:23

2l 2] 1 | |
1 I I

P I TR PRI AU AR EPUTEIT SR PR I S I )
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

e vwrv v by vr e b v by v v b v by v b e b v v b ey kb

50 5.3 6.0 6.3 7.0 1.3 8.0 8.3 9.0 9.

. Optimal exon
]{e}-‘: - Initial . Internal - Terminal ‘ Single-exon

exon exon exon gene D Suboptimal exon



Regulace translace

« FunkCni vyznam sestfihu v neprekladanych oblastech - dulezita regulacni
soucast genu

. Translaéni  represe  prostfednictvim
kratkych ORF v 5UTR MKRAF.
. Identifikovano napf. u kukufice (Wang

and Wessler, 1998, viz doporucena lit.)

M K R A F . M MV KVT..
. V pfipadé CKI1 pokus prokazat tento
zpusob regulace genové exprese pomoci
transgennich linii nesoucich uidA pod
kontrolou dvou verzi promotoru, zatim

nepotvrzeno
~ VERS, INVESTICE DO ROZVOJE VZDELAVANI
° . o &
Wr . f "i, Tato prezentace je spolufinancovana
. %, 0.3‘? Evropskym socialnim fondem
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Regulace translace

* Funkéni vyznam sestfihu v neprekladanych oblastech - dulezita regulaéni
soucast genu
. V pfipadé CKI1 pokus prokazat tento zpusob regulace genové

exprese pomoci transgennich linii nesoucich uidA pod kontrolou
dvou verzi promotoru, zatim nepotvrzeno

BamHI

GAGGAGGCACAAAATGACGAA —/f— TGTATTCTTTTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAA GAAGATAATATGA GGATCCCCCGGETAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC

Sy,

@RIPRVGQSLMLRPVETPT

e

. P
T
\.\__\\.\ '/./,.-
% L /7 @KRAF MMVKVTK.
2739 i e

BamHI

GAGGAGGCACAAAATGACGAA -//- GI IAIACM\_(-;I'ICI\CI CAAAT GATGGTGAAAGT TACAAAGCTT GI GG TTCACGICGGATCCCCCGGGTAGGI CAGTCCCT TATGI TACGI CCTGI AGAAACCCCAACC

M MV KV T KLY AS RTRI PRY GQSLMLRPY ETUPT
— intron
- exon
bl i NERSZ, INVESTICE DO ROZVOJE VZDELAVANI
0 < o
L) o on 5 . P
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Genové modelovani

= programy pro genové modelovani

o zohlednuji také dalSi parametry, napf. navaznost ORF

(http://genes.mit.edu/GENSCAN.html)
velice dobry pro predikci exonu v kddujich oblastech
(testovano na genu PDRY, identifikoval vSech 23 (1) exonu

(http://opal.biology.gatech.edu/GeneMark/)

(http://http://ccb.jhu.edu/software/glimmerhmm/
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° . o '?\p_
AL = < Tato prezentace je spolufinancovana
** * L z 5
* : i+ & Evropskym socialnim fondem
- MINISTERSTVO SKOLSTVI, OP Vzdélavani 'pf:f. @% Rpany @ .
EVROPSKA UNIE v MLADEZE A TELOVYCHOVY pro konkurenceschopnost ANA D

a statnim rozpoétem Ceské republiky



GeneMark

Eukaryotic Gene Mark.hmm(L2) (Reload this page)

GeneMark™ What's New: - November, References:
A family of gene prediction programs provided — 200% Supported 18 orodovsky M. and Lukashin A. {(unpublished)
by Mark Borodovsky's Bioinformatics Group at Prokaryotes: predicted Dy 2L omsadze A., Ter-Hovhannisyan ., Chernoff ¥, and Borodovsky M.,

gene database.
Prokaryotes: models for
GeneMark and
GeneMark.hmm.

"Gene identification in novel eukaryotic genomes by self-training algorithm ™,
MNucleic Acids Research, 2005, vol, 323, No. 20, 6494-6506

AcCcuracy com Qarisan

the Georgia Institute of Technology, Atlanta,
Georgia.

UPDATE October 2005, Added pre-built models of eukary oic GeneMark bimm ES-3.0 (E -

Geng Prediction in Bacteria and Archaea BUkaryotic; S - self-training; 2.0 - the version)

-+ 7. For bacterial and archaeal gene
3 = prediction, you can use the parallel

Borodovsky Group

Gene Prediction Listing of previous updates

...* combination of the GeneMark and Programs Input Sequence
alid & GeneMark.hmm programs here. « GeneMark Tide (optional): &
« GeneMark.hmm (]

If the DNA sequence of interest belongs |, Frame-by-Frame
to a species whose name is not in the list | GeneMarks

of available models, you should use « Heuristic models
either the Heuristic models option or, if

Sequence: e

aattatrtcactcadattoacddaggbt atFbogbttt cabtagc g cobbh ch chcJackthobbgat Jaas oot attt ot ch at
gtgaaarctaattaagactatrrtogt ghbrarart gargrttaaaaatgad, gETTtrat griraat carttcargagrar
agattraagttadaaactaat atcogaat Joctbgagat att ghht ccbdaaatyagat gatt ghttst atttattac car garttabtt gt

the sequence is longer than 1 Mb,

generate models with the self-training

program GeneMarkS. Both options will

Statistics
« Documented
GeneMark.* usage

allow you to generate models and then
to use GeneMark.hmm and GeneMark in Help

parallel.

Gene Prediction in Eukaryotes

+ References
« Papers
« FAQ

CHtTCoCobbt Jodatac ab Aggat at ddatto at A0 abght C Chdabtht ARG CFE Akt Attt ettt gt oradga
ot atak ot at At ArEhtac EoE R R CgE gt C ATt Ak Agt At att It At At Ak §C ACACACACACACACCE A AT T AL AT T
dddatatat agddat gIatctE gagadt C bt bR gE At CEE BE gt ab CAdaq It FEC At b oo C JAgTaagaagat aat
CEETLEEAgIIttRa Cattot Cobh gArt FE g adadc gt Jadat TR A CACEE At C Jhtgb ACE E b G g Ch T hat A g at e
atdagttadc datgott oo C gEAgaatt JCadad s Attt g g Ian c gE Jatt Ac atd ch Jagot Cch T At TaCt o go g
g Iaggact datcdagacaadat o ohtooh ot 4340 Jat CJCCght OF At adh Chh JOC At Ot JaC Jagh chh gt chbh a
3t aagggatcacgagar ac Ac gt att 3t abt At T EEE b bR T T S EE QO TS SR T 3t A0 A qh b Aot © 23AT GAT 56T FARR
ITGTFECTTCACGT CCAATT GTFET CITTTFOFTCCT bgraatt cb gobbb chthotbct ddattat dac gab gart cracarttob act o

HEEECAadt At at datt Attt T atatc A0 CCabto ATt atattt art gadaaat atagtC ATT CCT #eTEETT TTTT O G2
ATCTCARATT FECFAACAM AACEFAGAACCTAGT CAAACAGET CFCTTCATTT ACCHRAAFAT CTCC FFACAAGT CT AFTTT C FraFATT
FARAAATTTACAT AT FCCAMACARACTT AT CTACGAT CE-TTT AGC FAFAGTT AT AFATTCTTATAT CACCAACAAC FACACT #>TTTT A
AACACAFIEEIEEA333ctaabtACat A2aEC At E AbE ChE Agt FAbE Atc PR Aggatt agttE gagttatat adcattaact ataat
Eget gre gt ttartatt e ot ca AT CECACCATTETT T TT T AGCTT ATT CAMC FATCCTT CAAFT CTC AC AAGTTT CFT ACAT
FGTCTCAT GTTTTCTTAC AT T GCAFAAT CAAACAC AAGTETCECTFTTTTT GC CAATTCCT CFTCFAATT CAAGT CFTHFAFACT ACACT

For eukaryotic gene prediction, you can « Contact
& . use the parallel combination of the
GeneMark and GeneMark.hmm programs Databases of

AARACCGT FEAT CAFTTAACT GGTCETCTT AACEGGAACTC AAL FARAT CTC AT CETTAGAT CT ARC CCATACAGATTEETTCCAARFC AL
TAACTACACTACAFCCTTTOT AFFAAC FAFCTT L FAGGAGAAFAT AACGAGACT CT AAT ACAFACC T =TT AGCTTCT ACAGD AAGAE
TCTTTAFFCTTTCCFETT AACACTTTAACCEAACTTTT GAACAGTT T ZAAT CT AC ACHC FAAFACCTTT ACAT CT FHAC ARAF-ACELG
ITCETFAAFETT CACT AT GATTCTITCTTCATCT CCART G CTC FATTT GO TTCGRT AFAFAAT CFAACTCCCT CTHETCT CAAT FCA

here. predicted genes TG0 ARTT CC AGTFGOT ACG ARGT GGAGAT 03484 FATTAAGAT A7 CAAGCTITTT GCT CT GTT AI'T 6 AAFTTT C G560 FTTE CT CT bt
Proka otesNew! acatarttcactttgatgeage £ Joabs gacttgEE gEtEoncagott St S oaat gIEEEEeE o o aghGAT ACACACTC
s Frokary ACAABGEAGEAGCARE AL G AT C ARG A0 CABGCE GALARGEE ALAT ATC ALCTT ATT 6T GCTTAT GAT ATTTCTT G6CTTC 66T 660

Gene Prediction in EST and cDNA » Viruses/Phages
To analyze ESTs and cDNAs, please follow (VIOLIN)

wry
" N this link.
li

Gene Prediction in Viruses :
. Eor viral dicti ¢ Bioinformatics Studies Output Options
@ or viral gene prediction, or to access our g Georgia Tech Email Address: (required for graphical output or sequences longer than 400000 bpjé

TGTGTHETTTAT =AT FCAMC AAC AACFAFAGAGAT GCAT AT FCFT FLAACGOT AT ARAC CAAAT FFAAFC FAC AL AAC AAGCT FAGAL

Sequence File upload:e

Bioinformatics Frochéast. .
Resources
« Links Species: @ Athdiana E5-3.0 Model description

! virus database VIOLIN, please follow this « MS Degree Program |
== link. « PhD Program

« Lectures [¥] Generate POF graphics (screen)
« Seminars [71 Generate PostScript graphics (email)e
What the programs do: « Center for L1 Print: GeneMark 2.4 predictions in addition to GeneMark.hmm predictionse
Bioinformatics and [71 Translate predicted genes into proteing = , :
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GeneMark

Result of last submission:

View PDF Graphical Ouwipui

GenehMarkhmm Listing o

e —
. . - o o
Go to: GeneMarl hmm Protein Transltions . g "
o to: Joh Submission b Al i e g -

Eukariotys FeneMark o wersieon bp 2.9 Zpril 25, 2008
Sequence name: CEIL
SJequence length: 5042 bp ; s e
FHC conbent: 36.79% i - )
Matrice= fila: ,-"h-ome,-"g'en:m.'l.ﬂt.-" euk ghm._matc jce=/ sthal iana hmm?. Omod o B s fl

Tha Oct 1 11:09:E4 Z003 - - T
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Praedicted genes,exons e s —
= o
rane Exon Strand Exon Exon Range Exon Start End M= oo 5 sccooscnnroboons =
¥ # Typ= Learngth Fram= ¥
o [ P
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1 2 + Internal 1518 z11s E60 12 -- -
1 4 + Inveznal ZZEE 2544 279 11-- > = 2
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] o
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GeneMark

Result of last submission:

mmmm GeneMarkhmm prediction oy 10 03:23.47 EST 2005, Order 5, Window 98, Step 12, 4/6

1.01
View PDF Graphical Quiput m }\q m ﬂ m
.. 0.51 V 1/ U T,
Geneblarkhmm Listing Y
. . o ) o | I | A N . L1 )
Go to: GeneMarlk hmm Protein Transkiions 00 FE00 1800 5200 5600 8000
8
o to: Joh Submission 5
C%) 05_ n [} (Ri 1 i L e | B (e B e | I I (I} [ i il e T
Eukariotys FeneMark o wersieon bp 2.9 Zpril 25, 2008 g
Sequence name: CEIL a
Bequence length: 5042 bp 0.0 ] | L1 ,Jr\ ITAN L | L Ll | [ R
BFC conbent: 26 . 79% 1'0_ 4400 4800 5200 5600 6000
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05_\ 1 [ B = [ non | 1 - (1)
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i # Top e Lergth Frame 7 ig. 4400 4800 5200 5600 6000
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1 3 + Internal EZEE E6493 g 11-- /\ﬁ\
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1 & + Inkernal 2297 4524 1z2a 12 -- 8| 4o 4400 4800 5200 5600 6000
1 7 + Tezrminal 47039 4321 12 12 -- £l
H
=
S< 05— o1 ¢ r —_— Vo " —
T
=
£ f/\ L Al
(=N
E ool L. | LA [ | [ RN A Y S [ I I/\/\
o 1'0 4400 4800 5200 5600 6000
050 10 e [ | T f\u ﬂ moo n—r— — " L
o< .t ‘ | M J A AVANI
i \56 aoll—L .| L [ . LV | A N . N A T
@ i3 ’ 4400 4800 5200 5600 6000 ;
* % " :3 Nucleotide Position ancovana
e % WYY £ Evropskym socialnim fondem
AINI SKOLSTVI OP Vzdélavani %4

. : o ,
EVROPSKA UNIE i’ pro konkurenceschopnost ZaNa®® a statnim rozpoctem Ceskeé republiky



Genove homologie

= vyhledavani genu podle homologii

- porovnavani s EST databazemi
(http://www.ncbi.nim.nih.gov/BLAST/, http://workbench.sdsc.edu/

- porovnavani s proteinovymi databazemi

(http://www.ncbi.nim.nih.qov/BLAST/, http://workbench.sdsc.edu/
(http://www.ebi.ac.uk/Wise2/)

porovnavaji proteinovou sekvenci s genomovou DNA (po zpétném
prekladu), je nutna znalost aminokyselinové sekvence

porovnavani s homolognimi genomovymi
sekvencemi z pfibuznych druhu

(http://www.Ibl.gov/Tech-Transfer/techs/Ibnl1690.html)
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Osnova

= |dentifikace genu ab initio
= struktura genu a jejich vyhledavani
= genomova kolinearita a genova homologie
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Genomova kolinearita

. genomy pfibuznych druht se pfes znacné odliSnosti vyznacuji

podobnostmi v uspofadani i sekvencich, moznost vyuziti pfi
identifikaci genu u pfibuznych organizmd pomoci vyhledavani v
databazich

. obecné schéma postupu pfi vyuzivani geonomové kolinearity (také
,komparativni genomika“) pfi experimentalni identifikaci genu
pfibuznych organizmu:
mapovani malych genomua s vyuzitim nizkokopiovych DNA markeru (napf.

RFLP)

vyuziti téchto markerl k identifikaci ortholognich genud (genl se stejnou nebo
podobnou funkci) pfibuzného organizmu

maly genom (napf. ryZze, 466 Mbp) muze slouzit jako voditko, kdy jsou
identifikovany molekularni nizkokopiové markery (napf. RFLP) ve vazbé s
genem zajmu a tyto oblasti jsou pak pouzity jako sonda pfi vyhledavani v
BAC knihovnach pfi identifikaci ortholognich oblasti velkych genomu (napf.
je€mene nebo pSenice, 5000, resp. 16000 Mbp)



Genomova kolinearita

< >
A () ]
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| D 1 Rice (400 Mbp)
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20 kb
B B , Hexaploid wheat (16 000 Mbp)
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SU0E Feuillet and Keller, 2002
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Genomova kolinearita

. zejména vyuzitelné u trav (napf. vyuziti pfibuznosti u jeCmene,
pSenice, ryze a kukufice)

malé geonomové prestavby (dalece, duplikace, inverze a translokace

mensSi nez nékolik cM) jsou pak detekovany podrobnou sekvencni
komparativni analyzou

- béhem evoluce dochazi u pfibuznych druhu k odchylkam pfedevsim v
nekodujicich oblastech (invaze retrotranspozonu atd.)

- 140 kb .\Elwilﬁﬂﬂ Mbp})
[
Rice (400 Mbp)
—
20 kb
B i = =H: , Hexaploid wheat (16 000 Mbp)

==ll———= =————- Barley (5000 Mbp)
e=—f={ = e Rice (400 Mbp)

50 kb

300 kb
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Genomova kolinearita

= Genomova kolinearita HOX genu u Zivocichu

= Transkripcni faktory fidici organizaci téla
v anterio-posteriorni ose

= Pozice geni v genomu odpovida i
prostorové expresi béhem vyvoje

= Mezidruhové konzervovano
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Osnova

= Experimentalni identifikace genu

= priprava genové obohacenych knihoven
pomoci technologie metylacniho filtrovani
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Metylacni filtrovani

= pfiprava genové obohacenych knihoven pomoci
technologie metylacniho filtrovani

= geny jsou (vetsinou!) hypometylované, kdezto
nekodujici oblasti jsou metylované

= vyuziti bakterialniho RM systému, ktery rozpoznava
metylovanou DNA pomoci rest. enzymu McrA a McrBC

McrBC rozpoznava v DNA metylovany cytozin, ktery prfedchazi
purin (G nebo A)

pro stépeni je nutna vzdalenost téchto mist z 40-2000 bp
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Metylacni filtrovani

= pfiprava genové obohacenych knihoven pomoci
technologie metylacniho filtrovani

= schéma postupu pfi pripravé BAC genomovych
knihoven pomoci metylacniho filtrovani:

pfiprava genomové DNA bez pfimési organelarni DNA
(chloroplasty a mitochondrie)

fragmentace DNA (1-4 kbp) a ligace adaptoru

pfiprava BAC knihovny v mcrBC+ kmeni E. coli

selekce pozitivnich klonu

= omezené vyuziti: obohaceni o kodujici DNA o pouze
cca 5-10 %
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Osnova

= Experimentalni identifikace genu

= priprava genové obohacenych knihoven
pomoci technologie metylacniho filtrovani
= EST knihovny

" SERSE,, INVESTICE DO ROZVOJE VZDELAVANI
° > A
. S “é Tato prezentace je spolufinancovana
wn S
* o K 7, o . ialni f
- MINISTERSTVO SKOLSTVI OP Vzdélavani 'pfq. \,p% M T R
EVROPSKA UNIE v MLADEZE A TE /Y CHC pro konkurenceschopnost ZANA®

a statnim rozpoétem Ceské republiky



EST knihov

» pfiprava EST knihoven
izolace mMRNA
RT

klonovani do vhodného
bakterialniho vektoru

transformace do bakterii a ggatgctaatatgggggttatacaagtgttt———
» Cctacgattatacccccaa

izolace DNA (ampllflkace— [TTTTTTTTTI
)(‘\/‘\/‘\/‘\/‘\/“\/“\/“\)O\A
DNA)

sekvenace S
pouzitim primeru

specifickych pro \
pouzity plasmid )

Zaklady genomiky Il, Identifikace genu




Shrnuti

= Postupy ,primé" a reverzni genetiky
= rozdily v myslenkovych pristupech k
identifikaci genu a jejich funkci

» |dentifikace genu ab initio
= struktura genu a jejich vyhledavani
= genomova kolinearita a genova homologie

= Experimentalni identifikace genu

= priprava genove obohacenych knihoven
pomoci technologie metylacniho filtrovani
= EST knihovny

= prima a reverzni genetika (prednaska 03)
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Iskuse
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