CG020 Genomika
Bi7201 Zaklady genomiky

Prednaska 2
|dentifikace genu

Jan Hejatko

Funkéni genomika a proteomika rostlin,
Mendelovo centrum genomiky a proteomiky rostlin,
Stfedoevropsky technologicky institut (CEITEC), Masarykova univerzita, Brno
hejatko@sci.muni.cz, www.ceitec.muni.cz

T ~ - SVERST, INVESTICE DO ROZVOJE VZDELAVANI
0 <
: : %r .. 3 ‘P:{Jl)
* * w zZ
L : \g:‘;‘-a'

Tato prezentace je spolufinancovana
. MINISTERSTVO SKOLSTVI OP Vzdélavani A Y
EVROPSKA UNIE v MLADEZE A TELOVY pro konkurenceschopnost ZaNa %

NSVIY
.x\:a

Evropskym socialnim fondem
a statnim rozpoétem Ceskeé republiky


mailto:hejatko@sci.muni.cz
http://www.ceitec.muni.cz/

Literatura

» Zdrojova literatura ke kapitole 2

. Plant Functional Genomics, ed. Erich Grotewold, 2003, Humana Press, Totowa, New
Jersey

. Majoros, W.H., Pertea, M., Antonescu, C. and Salzberg, S.L. (2003) GlimmerM,
Exonomy, and Unveil: three ab initio eukaryotic genefinders. Nucleic Acids
Research, 31(13).

. Singh, G. and Lykke-Andersen, J. (2003) New insights into the formation of active
nonsensemediated decay complexes. TRENDS in Biochemical Sciences, 28 (464).

. Wang, L. and Wessler, S.R. (1998) Inefficient reinitiation is responsible for upstream
open reading frame-mediated translational repression of the maize R gene. Plant
Cell, 10, (1733)

. de Souza et al. (1998) Toward a resolution of the introns earlyylate debate: Only
phase zero introns are correlated with the structure of ancient proteins PNAS, 95,
(5094)

. Feuillet and Keller (2002) Comparative genomics in the grass family: molecular

characterization of grass genome structure and evolution Ann Bot, 89 (3-10)

. Frobius, A.C., Matus, D.Q., and Seaver, E.C. (2008). Genomic organization and
expression demonstrate spatial and temporal Hox gene colinearity in the
lophotrochozoan Capitella sp. I. PLoS One 3, e4004

* X %
®
w =

* *
L

b= i SVERST, INVESTICE DO ROZVOJE VZDELAVANI
a Q i

W‘i . _‘ M :L?, Tato prezentace je spolufinancovana
STERSTVO S 5§

o Evropskym socialnim fondem
SKOLSTV zdélavani . = ) )
pro konkurenceschopnost ZI7S a statnim rozpoctem Ceské republiky

NSVIY
A\:a

EVROPSKA UNIE i’



Osnova

* Postupy ,pfimé” 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 ,primé” a reverzni genetiky

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

,Reverzneé geneticky” pristup
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Pristupy ,klasické” genetiky
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|dentifikace role genu
ARRZ21

» Predpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis
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|dentifikace role genu
ARRZ21

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

PM

AHK sensor histidine kinases
« AHK?2

« AHK3

« CRE1/AHK4/WOL

>

HPt Proteins —@D—

* AHP1-6
Response Regulators

m ARR1-24
NUCLEUS & REGULATION OF TRANSCRIPTION

INTERACTION WITH EFFECTOR PROTEINS
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|dentifikace role genu
ARRZ21

» Predpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

« Mutant identifikovan vyhledavanim v databazi inzerCnich mutantu
(SINS-sequenced insertion site) pomoci programu BLAST
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|dentifikace role genu
ARR21 — Izolace inz. mutanta

vyhledavani v databazi inzerénich mutantt (SINS)

Insert SINS:
Query: 80

Shjct: 58319
Arr2l1l: 1830

Inserp_SIHS:
Query: 140

Shjct: 58379
Arr2l1: 1890

01 09 64
tdgtagcgttcatgagcgtaccatacttgacaanagagaacgtagccagccatttacagg 139

trrrrrererrrrrrrererrrrrererer e veeeeerrrrrrrrrrrrrrerennl
tectagogttcatgagogtaccatacttgacaagagagaacgtagocagocatttacagg 58378

01 09 64
tttgatatctcttgtcaaaaatgtttttggattttactgt 179

trrrrrerrrrrrrrrererrrrrerererrrrrerernl
tttgatatctcttgtcaaaaatgtttttggattttactgt 58418

lokalizace inzerce dSpm v genomové sekvenci ARR21
pomoci sekvenace PCR produkti

16k - d11

ssom-f—-—HH

ATGI
D2

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




|dentifikace role genu
ARRZ21

» Predpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

» Mutant identifikovan vyhledavanim v databazi inzerénich mutantu
(SINS-sequenced insertion site) pomoci programu BLAST

» Exprese ARRZ21 u standardniho typu a Inhibice exprese u inzerCniho
mutanta potvrzena na urovni RNA
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|dentifikace role genu
ARR21 — analyza exprese

Standardni typ
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|dentifikace role genu
ARRZ21

» Predpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

» Mutant identifikovan vyhledavanim v databazi inzerénich mutantu
(SINS-sequenced insertion site) pomoci programu BLAST

» Exprese ARRZ21 u standardniho typu a Inhibice exprese u inzerCniho
mutanta potvrzena na urovni RNA

* Analyza fenotypu inze€niho mutanta

> VERST, INVESTICE DO ROZVOJE VZDELAVANI
Q Q &,

i 3 WI— iy g ‘é Tato prezentace je spolufinancovana

ol ) — %, rd Evropskym socialnim fondem
p—— T MINISTERSTVO SKOLSTV OP Vzdélavéni 79 &S

MLADEZE A TELOVYCHOVY  pro konkurenceschopnost ANA® a statnim rozpodtem Ceské republiky



|dentifikace role genu
ARR21 — analyza fenotypu mutanta

* Analyza citlivosti k regulatoriim
rustu rostlin

= 2,4-D a kinetin
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100
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|dentifikace role genu
ARR21 — priciny absence fenotypu

* FunkCni redundance v ramci genové rodiny?
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|dentifikace role genu
ARR21 — pfibuznost ARR genu

Legenda:
O ARR-A

@
(]
-
%
B ARR-B

H

o
ac
<

@ nalezena alespofi jedna EST




|dentifikace role genu
ARR21 — priciny absence fenotypu

* FunkCni redundance v ramci genové rodiny?

* Fenotypovy projev pouze za velmi specifickych podminek (?)
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|dentifikace role genu
ARR21 — shrnuti

» Gen ARRZ21 identifikovan pomoci srovnavaci analyzy
genomu Arabidopsis

» Na zaklade analyzy sekvence byla predpovézena jeho
funkce

» Byla prokazana mistné specificka exprese genu ARR21 na
urovni RNA

» |nzerCni mutageneze v pripadé identifikace funkce genu
ARR21 ve vyvoji Arabidopsis byla neuspésna,
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
a
W,
pocatek -
translace
>
ATTATCTGATATA ....

)




Sestrih RNA
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|dentifikace genu ab initio

zanedbani 5°a 3 UTR

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

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

vetSina 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
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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/cqi-bin/sp.cqi)
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Predikce mist sestrihu

BCB @ ISU BISII"ng‘SatICS 2 Download Help Tutoria 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 i
accepted in FASTA format (sequences separated by identifier lines of the form
“>SQ;name_of sequence comments”) or in GenBank format.

Paste vour eenomic DNA sequence here:
. bY ‘|
: T T

TTT G

TGGTGAC

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

. or type in the GenBank accession number of your sequence:
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Predikce mist sestrihu
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|dentifikace genu ab initio

programy pro predikci mist sestfihu
(specificita priblizné 35%)

(http://www.tigr.org/tdb/GeneSplicer/gene_spl.html)
(http://deepc?2.psi.iastate.edu/cqi-bin/sp.cqi)
(http://www.cbs.dtu.dk/services/NetGene?2/)
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Predikce mist sestri

R MuTeis

CBsS

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. thaliai
Instructions Output format Abstract Performanc

SUBMISSION

Submission of a local file with a single sequence:

File in FASTA format

@ Human

_iC. elegans
A thaliana

[ Clearfields || Send fie |

Submission by pasting a single sequence:

Sequence name

_'Human
_IC. elegans
9 A thaliana
Sequence

“TATATTGC ATTTTTTCGATC

CTTATTATTTTTCTTTAGTTTATT?

T WGTCC

[ Clearfields || Send fie |

CATATAATTTCARMACG!

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



Predikce mist sestrihu

FpuE\ ‘BQHI

Prediction done
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Sestrih RNA a adaptace

= odchylky rozpoznavani mist sestrinu 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 smi AIWNI

leme |PﬂMI |Asel |PsiI |Spel |BcII
O TR T T TG T AT TRAT T XTI A T AT T AR A A AT AT TG AT AT A G S PG T PG TICAT AR GTIT IR IOVGTET, 1

— LVVVS.LVLIKVLYLQVC
' no splicing

L
L EXON-3 -
IE LVKLTGAKTHEéDEﬁIeXI\(ImIg%B‘FDVNGIIKPGRI

LFFLLLO i . |
—no splicing- [ pis1 EXON-4 '
CGKTTLLKALSGNLENNLK

L pistexon
|' EXONA4 ]

HILTLLLGPPSCGI&DBRTe%(OIﬁLIlI{ﬁRIFSGNLENNLKI
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Sestrih RNA a adaptace

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

PDR_U1a/PDR_L1

* 5 K

EVROPSKA UNIE il

PDR_U1b/PDR_L1b

ROZVOJE VZDELAVANI

to prezentace je spolufinancovana

- 500 bp
- 500 bp - 400 bp
- 400 bp - 300 bp
- 300 bp - 200 bp
- 200 bp
- 100 bp
- 100 bp
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|dentifikace genu ab initio

= odchylky rozpoznavani mist sestrinu 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

 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

F EXON-3

\ELVKLTGAKTHEédﬁlex%le%BPVNGIIKPGRJ

Pstl
Pwll

L LLO
0 splichg- L

pis1 EXON-4 |

CGKTTLLKALSG%LENNLK
L pis1exon



|dentifikace genu ab initio

= odchylky rozpoznavani mist sestrinu 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 ‘

@%‘-‘l'{,’.l (AR )
. . . .0 Q_J
 analyza pomoci RT PCR prokazala pfitomnost ™ o

fragmentu kratSiho nez by odpovidalo cDNA po

\
I 4 r 4 M ea‘ ea‘ LIAG
normalnim sestrihu

Decapping? Deadenylation?

* sekvenace tohoto fragmentu pak ukazala na |~ g 9@,@@9
alternativni sesrih s vyuzitim nejblizSiho mozného S

Active NMD complax

TEE

mista sestfihu v exonu 4

- existence podobnych obrannych mechanizmi prokazana i u jinych
organizmu (napf. nestabilita mutantni mRNA se vznikem pred€asného
stopkodonu (> 50-55 bp pfed normalnim stop kodonem) u eukaryot, viz
doporucena studijni literatura, Singh and Lykke-Andersen, 2003)
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*
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programy pro predikci exonu

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

o programy kromé rozpoznavani mist sestfihu
zohlednuiji i strukturu jednotlivych typl 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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|dentifikace genu ab initio

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

can, click here

4
server provides access to the program Genscan for predicting the locations and exon
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.g., Lynx) does not support file upload or multipart forms, use the older version.

NGNS Arabidopsis Suboptimal exon cutoff (optional)
bequence name (optional): (S8l
rint options: Predicted peptides only

pload DNA sequence file (one-letter code, upper or lower case, spaces/numbers igi

[ Browse.._|
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GENSCANW output for sequence CKII1

Predicted genes/exons:

Gn.Ex Type S .Begin

1.00 Prom +

1.04
1.05
1.06
1.07
1.08

2.03
2.02
2.01

Intr
Intr
Intr
Term
PlyA

PlyA
Term
Init

Suboptimal

Exnum Type

.001
.002
.003
.004
.005
.006

mwnnhnnin

Init
Init
Intr
Intr
Intr
Intr

1497

5005
5473
6136
7448
7910

7976
8793
9253

...End .Len Fr Ph I/Ac Do/T CodRg P....

1536

5383
6056
7368
7660
7915

7971
8050
8936

40

379
584
1233
213

6
744
318

exons with probability > 0

S

o+ o+ o+ 4

70
38
68
43

107
105

.100

108
35

37

..End .Len Fr Ph B/Ac Do/T

1905
2442
4110
4914
5379
6056

39
69
217
563
375
615

N OONOO

o oONKEOoOO

64
55
-3
75
70
95

40

-34
59
8
99

343 0.
722
L9717

582
655
212

542
386

OO0 000

772

.997
.999

.298
.132
177
.187
.212
.208

C+G4)

pist
X 2¢
ﬁsel
et 2
b P ] £ r—]
Pral Fsle Psml f'l\nd\ll
3c
peil BruEBgll poal
TR T GG G T TG ’
BouEl poo pogl  snal
TeTe? T e GG O ah

f > i}
—) 1 K R_AF .
—lla— L—uORF—

©—029311b—ew ———Xhos7——

poal FS’;&]R' Pl

fsil PSSSI f\sel

PTG R T PG TP O

TITC -

)

—_—
—CKiptp—
coRI |

|
eRI SrGI I il

—— -
[SALK,osmsw (L) (Q)SALK_057881 oki-

[ —
——cki-979— —CKip1DOWN
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GENSCAN predicted genes in sequence 02:56:23

5.0 5.5 6.0 6.5 7.0 7.5 5.0 8.5 9.0 9.

- - . ) . Optimal exon
]\e_v: - Initial . Internal - Terminal , Single-exon

exon €xon CX0on gene D ‘ﬁLIhL‘Pli mal exon
< al e



Regulace transkripce

* Funkéni vyznam sestfihu v neprekladanych oblastech - dulezita regulaéni
soucast genu

. Translacni  represe prostiednictvim

kratkych ORF v 5'UTR M K R A F.

. |ldentifikovano 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 pomaoci
transgennich linii nesoucich uidA pod
kontrolou dvou verzi promotoru, zatim
nepotvrzeno

. > - (VERSz, INVESTICE DO ROZVOJE VZDELAVANI
i .0. ﬁ‘k o,

*; : Wr . g M é Tato prezentace je spolufinancovana

Lk k) o o — 2, rd Evropskym socialnim fondem
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a statnim rozpoétem Ceskeé republiky



Regulace transkripce

* 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 —//— TGTATTCTTTTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAAGAAGATAATATGA GGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC

MR!I PRVY GQSLMLRPVETTPT

//
-2739 -

GCAGGAGGCACAAAATGACGAA — /- GTTATACAAGI TCACT CAAAT GATGGTGAAAGT TACAAAGCTT GTGGCTTCACGICGGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGI AGAAACCCCAACC

M MV KV T KLV AS RRI

PRV GQSL MLRPVY ETTPT

— intron

.
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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 PDRSY, identifikoval vSech 23 (1) exonu

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

* x K
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Eukaryotic GeneMa rk.hmm¢{L2) (Reload this page)
References:
1BDdeDvsk\; M. and Lukashin &, {unpublished)

2 omsadze A, Ter-Hovhannisyan ¥., Chernoff ¥, and Borodowsky M.,
"Gene identificaton in novel eukaryotic genomes by self-training algorithm™,
Mucleic Acids Research, 2005, vol, 23, No, 20, 6494-6506

What's New:
2005

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

GeneMark™ - November,

A family of gene prediction programs provided
by Mark Borodovsky's Bioinformatics Group at
the Georgia Institute of Technology, Atlanta,
Georgia.

Gene Prediction in Bacteria and Archaea
.Y For bacterial and archaeal gene

prediction, you can use the parallel

combination of the GeneMark and

Borodovsky Group

Gene Prediction

Accurac Yy Corm Qarisun

UPDATE October 2005, Added pre-built models of eukary otic GeneMark.hmm ES-3.0 (E -
eukaryotic; 5 - self-training; 3.0 - the version)

Listing of previous updates

7 Programs Input Sequence
fadi L GeneMark.hmm programs here. « GeneMark Tide (optional): &
« GeneMark.hmm [ckn
If the DNA sequence of interest belongs ', Frame-by-Frame
to a species whose name is not in the list |, GeneMarks Sequence:; @
of available models, you should use 5t att cack € aaatt aaggttatthogbbtt cabbage goccbbt cbcbogactbbobbgat gaabcbbbatttcbbobat

either the Heuristic models option or, if
the sequence is longer than 1 Mb,
generate models with the self-training
program GeneMarkS. Both options will
allow you to generate models and then
to use GeneMark.hmm and GeneMark in

« Heuristic models

Statistics
« Documented
GeneMark.* usage

Jtgaaztctaattaagactattetoge ttatatt Jatgottaadaaatgaa, I atgrttaat cavtttcatgagear
agatttaagbtadaackaabat cocgaat gockgagat ath ghbboocbaaaaty & gbbbht abbhbatt accab gabbhgbbh gb
chbbcccochbbgoaatacabaggatabaadattcatacabghbtc chaatbbht abbbbhgo actbgark b abgabh bt oot gqbggaaga
ot ab ab ok ab abt abbbhack chbbbobboghcgh catbtat aghatabb abatatak yracacacacacacacchabab ghabagot o
aaaat ak akagaaat ggabobt gagaat c abbbbbbbbgh abh bbbt ght ab casagqygbttogactbbgob oo gag‘gaagaagat aat
ctbbbbagggbbtat cabbobcchbgactbbgradaacghgaaabghaaggoa cgttgha qht g ghate
ataagtt 22CAAEFCET CobC JEAFAITT JOAIAAC AL g JTAC CgE JAtt FACARTAct JAgot CETTEC AT gt cEE goa g
ttggaggactaatcaagacagaaatcogttoobotaaaaacgat cgocght chaggtaat oot gocattotbgacgagochtgatootta
Fataagrgatcacgagaracdc grartdatt artatt rrr e e E e gortrrtahggrtatracaagrrcact caalT FAT FFT A LS

Hel p TTGETEFTTCACFT CCARTT FT FETCITTTFIFT COT Fovaatt ch gobbt ChFE CEbct ddatbat ac gar Jattochacatrtochact o

pa rallel. « References G EEE D Cdaat gat at adht At gEgh Jhatat c Ac CcattCaAtgratattt att gadaaat atagFC ATTCCT GETGHETT GTTTTC &2

ETCTCAAATT GrCraAaCAM AACFFAFAACCTAGTC r BT CrCTTCATT T ACC A AFAT CTCCAFACRAAGRT CTACTTT CRFAGATT

. Papers FAAAATTTACAT AT GCCAMAC AAACTT AT CTACGAT COETTT AR FAFAGTT AT 22T T CTTATAT CACCAAC AACGACACTGETTTT &

Gene Prediction in Euka rvotes . FAQ AACACAFgEtgbtadddactadattacabdddrtcadtt At chh Aghtatt abcFE aggatt aghtt gaghtat at aacatt aackataat
B Lo Egttgtt ghtghtattattgtt oot cagAT CRCACCATTETT PTTT T AGCTT ATT CAAC FATCCTT C AAGTCT C ACARGTTT CRT AC AT

For eu karyotlc gene predlctlon, yOL] can « Contact FETCTCAT GTTTTCTTACATT GCAGAAT CAAACAC AAGTET CECTETTTTT GE CAATTC CTCETCRAATT CAAGT CETFFAFACT ACACT

use the parallel combination of the
GeneMark and GeneMark.hmm programs
here.

Py

Gene Prediction in EST and cDNA

Databases of

predicted genes
« Prokaryotese"!
« Viruses/Phages

BAARCCET GFATCAFTT AACTGFTCFTCTT AACEGGEAACTC AR FARAT CTCAFT CGTTAFAT FT ARCCCATAC AFATTFFTT CCAAGL AL
TAACT ACACTACAFCCTTTOT AFFAACFAFCTT GEGAFFAGAAFAT AACGAFGACT CT AAT ACAGAFCFT T T AFCTTCT AC AGC ARG AR
TCTTT AFFFTTTCCFETT ARG ACTTTAAC CFAAGTTTT GAAC AGTTT ZAAT CT ACAC L FAAGACTTT AC AT ¢T CRAC AAAGFAC 6
TTCGT FAAFFTT CACT FAMT GATTCTITCTTCATCTCCART G CTCFATTT GETT CRFT AFAFAAT CFaACTCCCTCTFFT CTCAAT GO A
TTECARTTCCARTFFCT ACGAGGT FRAFAT CARAAGATTARGAT A CAAGCTITTT FCT CTCTTATT FaAT TT C G GTTCCTCT R gt
Arcatathtcacttt 73t goa gt 3333t Joats JactEgEt ghtbobcaAgoth CEEo At gttt teret g0 cagAGAT ACACACT O
ACARAGACFAFCAACACGLAT CARAGL ACCAAGCGEAARARGEE ARAAT AT CAACTT ATT FT -ETTAT AT AT TT CTT G-CTT CEFTT H -0
TETGT F-TTT AT #AT FCAMC AAC AAGGAFAGAGAT GCAT AT FC AT FLAACGOT CAT AR ACCAAANT FraAGC FAC ACARC AARCT AL AL

o To analyze ESTs and cDNAs, please follow  (VIOLIN)
e this link. Sequence Fle upload:e
:l i Bioinformatics Frochézs. ..
H Resources
e Links Species @ Athdiana E5-3.0 Model description

Gene Prediction in Viruses
e \\

J

g

What the programs do:

virus database VIOLIN, please follow this
link.

For viral gene prediction, or to access our

Bioinformatics Studies
at Georgia Tech

¢ MS Degree Program

e PhD Program

o Lectures

« Seminars

« Center for
Bioinformatics and

Output Options
Ernail Address: (required for graphical output or sequences lenger than 400000 bp e

4] Generate PDF graphics (screen)
| Generate PostScript graphics (emailje
| Print GeneMark 2.4 predictions in addition to GeneMark.bhmm predictionse
| Translate predicted genes into proteing

LAVANI

—~ - NERS;
* X I o° & Z Defait

* L] = Run Start Genabdzrk hmm ;

v; : . S - rr ot s e J o 1ANCOVANA
7 z
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Result of last submission:

View PDF Graphical Ouiput

GenehTark honm Listing
o to: Genehlark hmm Protein Translations
o to: Joh Submission

Eukariotyc FeneMark _bom wer=sion bp 2.9 Hpril 25, 2003

Jequence name: CKILl

Jequence length: 5042 bp

T content: IE_T9%

Matrice= file: fhomefgenmarkyeuk ghm_matrices=/ achal iana haow? . Omed
Thu Oct 1 11:09:84 Z004 - -

Predicted genes) exons=

POTOEITIECOIRIEG:

pist

f'{indl\l
T ENG

—
el
©—029311b=tew

ﬁgoa\gm

Fsi\ PSSS\ r\sel

e L D T e e e e T T O e e o ew o

—
—cki-182—!

L Xckw——!
MMVKVTKLVASRPIVVFCVL,

Geme Exon Strand Exon Exon Range Eixon Stars'End
# i Type Langth Fram=
1 —
1 1z -
1 I, 1z -
1 & + Internal ZZEE zEag 279 11 -
1 & 4 Internal 2724 2317 554 Eoa - ;
1 & + Internal 2297 agz3 1zaa 1a- e
1 7 + Terminal 3703 33z1 12 1z - <okl 2l .
seRI rGI 2 il
. e 2 QVER /JZDELAVANI
** ** I o % N .
*; : %- M s % Tato prezentace je spolufinancovana
* ok X y ) £ % 5 Evropskym socialnim fondem
. MINISTERSTVO SKOLSTVI, OP Vzdélévéni %% oo - < = . :
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Result of last submission:

1.01
View PDF Grap hical Output m ﬂ ﬂ ﬂ m
. 0.51 V 1 e TR e Tl e T e R
GenehTark honm Listing | Y
. . I I I I I I I I I | [ [ [ ! I
Go to: GeneMark hmm Proiein Transktions T 2500 2200 5600 8000
8
Go to: Joh Submission 5
(%/ 05_ n [ [ B — [ LI e M [ B e | I I (] [ Hen i ane T
Eukariotyc FeneMark _bom wer=sion bp 2.9 Hpril 25, 2003 S
Jequence name: CKILl =}
Bequence length: 5042 by 0.0 ] L L | ,J{‘\ AN L | L Ll L | Lo | [
SHE combent: 3% T9% 1o 4400 4800 5200 5600 6000
Matrice=s £ile: fhomefgenmarky euk ghm.matrices/ achal iana hovm? . Omed
Thu Oct 1 11:09:24 Z009
05_‘ 1 [ = [ non | 1 | [l
Predicted genes) exons=
Geme Exon Strand Exon Exon Range Exon Start/End 0ol L, | |‘/\ | [ | [, | : ; ‘ ! ‘ R = S
# # Tope Length Frame 710, 4400 4800 5200 5600 6000
1 1 + Initial 96 loEs 571 2 - -
l 2 + I‘ntt:l:ni.]. 1155 1394 240 l 3 - - 0.5_\\ 1 LI | LI e e N R e [ [ e e— — [N} [ -r rom
1 2 + Internal 1515 175 GE0 12 - -
1 3 + Internal ZEGE 633 273 l11-- M
1 £ + Imternal e e T | 2217 E5a g2 - - goll—sbnl A P S O A O T A 7N R N R
1 & + Internal 2297 agzg 1zz3 13- - 8| 1op 0 4800 5200 5600 6000
1 7 + Terminal 3709 4921 £lz 12 - - E
H
Pl
S< 05— oo r — - ! " —
c
Q
=
¢ M\ i A /L
g 0ol || [y | | | | [ N [ [ [ L /\/\
O 1'0 4400 4800 5200 5600 6000
05 11 ir [T Au 'h moo —r— — m n
" ~ .t " | A _AVANI
** . & ool Lot M e e W
* L) Rl 4400 4800 5200 5600 6000
* * . = ) )
i 5 i: Nucleotide Position
* o * '}:p ' ‘g..,
" ST KOL OP Vzdélavani L o
EVROPSKA UNIE v ‘ pro konkurenceschopnost ANA D

mmm GensMarkhmm prediction w10 03:03:47 EST 2005, Order 5, Window 96, Step 12, 4/6

Evropskym socialnim fondem
a statnim rozpoétem Ceské republiky



Genove homologie

vyhledavani genu podle homologii

porovnavani s EST databazemi

(http://www.ncbi.nlm.nih.qov/BLAST/, http://workbench.sdsc.edu/

porovnavani s proteinovymi databazemi

(http://www.ncbi.nim.nih.gov/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 druht

(http://www.lbl.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 druhtd se pfes znacné odliSnosti vyznacuji
podobnostmi v usporadani i sekvencich, moznost vyuziti pri
identifikaci genu u pfibuznych organizmi pomoci vyhledavani v
databazich _ _ _

- obecné schéma postupu pfi vyuzivani geonomové kolinearity (také

.komparativni genomika“) pfi experimentalni identifikaci genu
pfibuznych organizmu:

mapovani malych genomu s vyuzitim nizkokopiovych DNA markera (napf.
RFLP
vyu%iti téchto markeru k identifikaci ortholognich gent (genu se stejnou nebo

podobnou funkci) pfibuzného organizmu

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

< >
A [l ]
| S
[ D 1 Rice (400 Mbp)
< '
20 kb
B = =g , Hexaploid wheat (16 000 Mbp)
T ' Barley (5000 Mbp)
== =  Rice (400 Mop)
« >
50 kb
High gene density
e ——
& ‘*-' .’
< |
300 kb
Gene-rich region A —————
D i = el ——
B R —— >

Feuillet and Keller, 2002



Genomova kolinearita

- zejména vyuzitelné u trav (napf. vyuziti pfibuznosti u jeCmene,
pSenice, ryze a kukufice)
- malé geonomoveé prestavby (dalece, duplikace, inverze a translokace

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

- béhem evoluce dochazi u pfibuznych druhd k odchylkdm predevsim v
nekodujicich oblastech (invaze retrotranspozonu atd.)

140k Maize (2500 Mbp)

W]
Rice (400 Mbp)

¢
20 kb

B = S , Hexaploid wheat (16 000 Mbp)
e=filii=—-=l- == Barley (5000 Mbp)

el =i = Rice (400 Mbp)

50 kb
High gene density
.‘ 300 kb

------- — 1 Mb it r r
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Osnova

= Experimentalni identifikace genu

priprava genové obohacenych knihoven
pomoci technologie metylacniho filtrovani
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Metylacni filtrovani

priprava genové obohacenych knihoven pomoci
technologie metylacniho filtrovani

= geny jsou (vétsinou!) hypometylované, kdeZzto
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 predchazi
purin (G nebo A)

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

prfiprava genové obohacenych knihoven
technologie metylacniho filtrovani

pomoci

schéma postupu pfi pfipravé BAC genomovych
knihoven pomoci metylacniho filtrovani:

pfiprava genomové DNA bez primesi
(chloroplasty a mitochondrie)
fragmentace DNA (1-4 kbp) a ligace adaptoru

priprava BAC knihovny v mcrBC+ kmeni E. coli
selekce pozitivnich klonu

organelarni DNA

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
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EST knihov

|

= pfiprava EST knihoven
izolace mRNA
RT PCR

klonovani do vhodného
bakterialniho vektoru

transformace do bakterii a eentiat ggatgctaatatgggggttatacaagtgttt———
. . cclacgatiatacccccaa
izolace DNA (amplifikace— k RRRBRNANAN

DN ! ) 1[‘\/‘\/‘\/‘\/‘\/‘\/‘\/‘\1A\A

sekvenace S
pouzitim primeru

specifickych pro \

pouzity plasmid

Zaklady genomiky I, Identifikace genu



Osnova

* Postupy ,pfimé” 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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Prima a reverzni
genetika

* Principy experimentalni identifikace genu
prostrednictvim primé a reverzni genetiky

= Zmeéna fenotypu po mutagenezi
= Genetika prima

= |dentifikace inzeréniho mutanta a analyza
jeho fenotypu

=  Genetika reverzni

= Analyza exprese daneého genu a jeho
Casoprostorové specifity
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Prima a reverzni
genetika - shrnuti

* Principy experimentalni identifikace genu
prostrednictvim primeé a reverzni genetiky

= Zmeéna fenotypu po mutagenezi
= Genetika prima
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Cloning of CKI1

o CKI1 was identified via activation mutagenesis in Arabidopsis

plasmid

: ctrl1 rescue ctrl2 Pro35S::CK1
= Qverexpresion of CKI1 leads to

CK-like response in the
hypocotyl explants

t-zeatin §

NO hormones

Kakimoto, Science (1996)

= CKI1 encodes a protein with

o e OBHE+-PL CeQOOONOCeNA DD
similarity to bacterial histidine

klinases M —E—C
OF -PF
OeD-GBGO® GOGLGL
signad gl wulnp hosplesry Eikan Fecebver ke
damain mlil damain
) mon-poler amine ecids
i polar aming acids faa)

& bauic air

- acidic or amidic aa

® poitions with los than
s conservenom



Signal Transduction via MSP

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

PM

AHK sensor histidine kinases
« AHK2

« AHK3

« CRE1/AHK4/WOL

>

HPt Proteins —@@—

* AHP1-6
Response Regulators

ARR1-24

NUCLEUS m & REGULATION OF TRANSCRIPTION

—IF%

INTERACTION WITH EFFECTOR PROTEINS



Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostrednictvim primeé a reverzni genetiky

= Zmeéna fenotypu po mutagenezi
= Genetika prima

= |dentifikace inzeréniho mutanta a analyza
jeho fenotypu
= Genetika reverzni




|dentification of insertional
cki1 mutant allele

II

aattcaagtcgtCACTACAAGA En-1 TCTTGTAGTGCglggagac

\ /4
A. aattcaaq cgt\g’gﬁzg/a-a taclact tqg tac act caa acc gtg gat cagq tta act ggt
N S SIR_.G D Y[JTWY T Q TV DQ L TG




CKI1 Regulates Female
Gametophyte Development

o CKI1 is necessary for proper megagametogenesis in Arabidopsis

CKI1/cki1-i CKI1/CKI1

Hejatko et al., Mol Genet Genomics (2003)




CKI1 and

megagametogenesis

o cki1-iis not transmitted through the female gametophyte

A.

B.

C.

D.

wt x CKI1/cki1-i

CKI1 specific primers (PCR positive control)

CKl1/cki1-ix wt

wt x  CKI1/cki1-i

cki1-i specific primers

CKi1/cki1-i x wt




CKI1 and

megagametogenesis
FGa

Pollen sacs
produce male
gametes

Embryo sac

Integuments

FG1 FG2 FG3 FG4



CKI1 and
megagametogenesis

Fa@sgte FG5
CKi1 ckit-i 28 HAE




Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostrednictvim primeé a reverzni genetiky

= Zmeéna fenotypu po mutagenezi
= Genetika prima

= |dentifikace inzeréniho mutanta a analyza
jeho fenotypu
= Genetika reverzni

= Analyza exprese daneého genu a jeho
Casoprostorové specifity




° CKI1 is Expressed Throughout
Megagametogenesis

FG1 FG2 FG3
|
FGO0-FG1
FG3-FG4
¥ TR
¥ - %
v

Hejatko et al., Mol Genet Genomics (2003)




Paternal CKI/1 is Expressed in the

Arabidopsis Sporophyte Early after

Fertilization
wtx ProCKI1:GUS

23 HAP &
(hours A
after
pollination)

Hejatko et al., Mol Genet Genomics (2003)




Prima a reverzni
genetika - shrnuti

= Principy experimentalni identifikace genu
prostrednictvim primeé a reverzni genetiky

= Zmeéna fenotypu po mutagenezi
= Genetika prima

= |dentifikace inzeréniho mutanta a analyza
jeho fenotypu
= Genetika reverzni

= Analyza exprese daneého genu a jeho
Casoprostorové specifity




Shrnuti

* Postupy ,pfimé” 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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Diskuse

> VERST, INVESTICE DO ROZVOJE VZDELAVANI
Q S iy
z . : A
. 3 2 Tato prezentace je spolufinancovana
EAT % & Evropskym socialnim fondem
. MINISTERSTVO SKOLSTVI OP Vzdélavani 4 Qf sy
EVROPSKA UNIE U MLADEZE A TELOVYCHOVY  pro konkurenceschopnost ANA®

a statnim rozpoétem Ceskeé republiky



