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Osnova

» Postupy ,pfimé" a reverzni genetiky
= rozdily v mysSlenkovych pfistupech Kk
identifikaci gen( a jejich funkci

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

= Experimentalni identifikace genl

= pfiprava genové obohacenych knihoven
pomoci technologie metylaéniho filtrovani

= EST knihovny

= pfima a reverzni genetika
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Osnova

» Postupy ,pfimé* a reverzni genetiky

= rozdily v myslenkovych pfistupech k identifikaci genu a
jejich funkci
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Pfima vs. reverzni genetika
Revoluce v chapani pojmu genu
Pristupy ,klasické* genetiky ,REVERZDG genslicky"plistip
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|dentifikace role genu
ARR21

* Pfedpokladany prfenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis
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|dentifikace role genu
ARR21

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

AHK sensor histidine kinases
« AHK2

+ AHK3

+ CRE1T/AHK4/WOL

>

HPt Proteins —@—
+ AHP1-6
Response Regulators
- ARR1-24
NUCLEUS m @ REGULATION OF TRANSCRIPTION
INTERACTION WITH EFFECTOR PROTEINS
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|dentifikace role genu
ARR21

» Pfedpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

« Mutant identifikovan vyhledavanim v databazi inzer¢nich mutantd
(SINS-sequenced insertion site) pomoci programu BLAST
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|dentifikace role genu
ARR21 — izolace inz. mutanta

vyhledavani v databazi inzerénich mutanti (SINS)

Insert SINS: 01 09_ 64

Query: 80 toctagegttecatgagegtaccatacttgacaanagagaacgtagecagecatttacagg 139
FEREREERREE e i ene e veeeereenrrereereerreeen
Shjct: 58319 tcctagegttcatgagogtaccatacttgacaagagagaacgtagecagoecatttacagg 58378

Arr2l: 1830

Insert SINS: 01 09 64
Query: 140 tttgatatctcttgtcaaaaatgtttttggattttactgt 179

FRRRERERRER e e nrenreenn
Shjct: 58379 tttgatatctcttgtcaaaaatgtttttggattttactgt 58418

Arr21l: 1890

lokalizace inzerce dSpm v genomové sekvenci
pomoci sekvenace PCR produktu

16k - d11

woff———-H 5o

D2 D1 K W 1727bp 1728bp P
16k - 16p
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|dentifikace role genu
ARR21

 Pfedpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

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

* Exprese ARR21 u standardniho typu a Inhibice exprese u inzeréniho
mutanta potvrzena na Urovni RNA
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|dentifikace role genu
ARR21 — 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 inzerénich mutantu
(SINS-sequenced insertion site) pomoci programu BLAST

» Exprese ARR21 u standardniho typu a Inhibice exprese u inzeréniho
mutanta potvrzena na urovni RNA

* Analyza fenotypu inze¢niho mutanta

Vensis
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|dentifikace role genu
ARR21 — analyza fenotypu mutanta

» Analyza citlivosti k regulatorim
ristu rostlin
= 2,4-D a kinetin
= etylén 30
= svétlo rdznych
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|dentifikace role genu
ARR21 — pfi¢iny absence fenotypu

* Funkéni redundance v ramci genové rodiny?

Sy
Vensis
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|dentifikace role genu
ARR21 — pfibuznost ARR genll

Legenda: 0. -
O ARR-A %5 &

% g
B ARR-B

@
@ nalezena alespori jedna EST
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|dentifikace role genu
ARR21 — pfi¢iny absence fenotypu

* Funkéni 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 zakladé analyzy sekvence byla predpovézena jeho
funkce

Byla prokazana mistné specificka exprese genu ARR217 na
urovni RNA

Inzeréni mutageneze v pfipadé 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 gena a jejich vyhledavani
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Struktura genu

promotor

pocCatek
transkripce

pocatek
translace

polyadenylaéni
signal
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Sestrin RNA

= 3

spli li
S TR
exon intron s exon

[ HE B )i

TR

conserved
regions

e

* %
*
*

*
*

* *
* ok

EVROPSKA UNIE wil”

Sy
Vensis

~— ue JERS;
AN L)
m j M
. ‘. M |
* 3
> STVO S v OF Vzdélavani 2, &
¢ pro konkurenceschopnost ANA®

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socidlnim fondem
a statnim rozpottem Ceské republiky

20




|dentifikace genu ab initio

= zanedbani 5'a 3 UTR

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

* nalezeni donorovych (vétSinou GT) a
akceptorovych (AG) mist sestiihu

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

» vyuziti rdznych statistickych modeld (napf.
Hidden Markov Model, HMM, viz doporuéena
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:/iwvww.tigr.ora/tdb/GeneSplicer/gene _spl.html)
(http://deepc2.psi.iastate.edu/cgi-bin/sp.cqi)
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Predikce mist sestrihu

Bcs @ sy Bioinformatics 2

Download Help Tutorial
Go

References Contact

SplicePredictor

- a method to identify potential splice sites in (plant) pre-mRNA by sequence inspection using
Bay n statistical models
(elick here to access the older method using logit

near 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
*“>8Q;name_of_sequence comments”) or in GenB format,

Paste your genomic DNA sequence here:

<. 0r upload your sequence file (specify file name).

Brows!

.. or ype in the GenBank accession number of your sequence:

* %

* *
* *
* *

* ok
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Predik

What do the output columns mean?
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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://deepc2.psi.iastate.edu/cgi-bin/sp.cqi)
(http://www.cbs.dtu.dk/services/NetGene2/)
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Predikce mist sestrihu

S CBS e T

©BS >> Prodiction Servers >> NetGene2

NetGene2 Server

The NetGene2 server is a service praducing neural network predictions of splice sites in human, C. efegans and A. thaliar
Instructions Qutput format Abstract Performanc

SUBMISSION

Submission of a local file with a single sequence:

File in FASTA format Brow:
® Human

C. elegans

A. thaliana

Submission by pasting a single sequence:

Sequence name
_ Human
' C. elegans
@ A thaliana
Sequence

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

26




Prediction done

Predikce mist sestrihu
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Sestrin RNA a adaptace

= odchylky rozpoznavani mist sestfihu u rostlin v praxi - pfiklad
vyvojové plasticity (nejen) rostlin

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

Bsml AlwNI
\ Bpml PN fsel Psil Spel  Bal

IO T T T T TG IS T TICTATTICT O A0S TCAAGIT CACTOST AN

4
TROGRGRACPCANGHT TAGIPOCTITT
PDR_Uth no splicing
b 1
F 1
EXON3
K THEAKIN INDVNGITIKE
PDR exon 3 ORF
BspMI Hpal
o © Scaa S Im——— s
RGN 1 TS TG TTONGATACTRCTT TN GNP TTCIRAA A OCPOGTOA A TICPRACKIOANL
L W r 1
no splicing pis1 EXON 4
TP LKA GNLENNLEK
pis1 exon 4 ORF
L M
F 1
EXON4
LTLLLGPPSCGKTTLLKALSGNLENNL
PDR exen 4 ORF i
* % ——
* * v
* * a
*
* g x
— : 7, — g
R MINIS 5TVO S V OP Vzdélavini % )
EVROPSKA UNIE Ua I h ¢ prokonkurenceschopnost  “ANA BT

a statnim rozpottem Ceské republiky
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Sestrin RNA a adaptace

* identifikace mutanta s bodovou mutaci (tranzice G—A)
presné v misté sestiihu 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

wt  pisl

* %

* *
* *

* *
* 4k

EVROPSKA UNIE wil”

- 500 bp
- 500 bp - 400 bp
- 400 bp - 300 bp
- 300 bp - 200 bp
- 200 bp B b
- 100 bp ROZVOJE VZDELAVANI
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|dentifikace genu ab initio

odchylky rozpoznavani mist sestfihu u rostlin v praxi - pfiklad
vyvojové 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
krat§iho nez by odpovidalo cDNA po normalnim sestfihu

+ sekvenace tohoto fragmentu pak ukazala na alternativni sesfih s

pen

30




|dentifikace genu ab initio

= odchylky rozpoznavani mist sestfihu u rostlin v praxi - pfiklad
vyvojové plasticity (nejen) rostlin

ex Spbcsosoms

rl;".-xi o () T
+ identifikace mutanta s bodovou mutaci (tranzice @ l' oue
G—A) prfesné v misté sestfihu na 5' konci 4. exonu

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

Oecappeg?

+ sekvenace tohoto fragmentu pak ukazala na @ ?.'-’.-.m-o

Dusssaptation?

alternativni sesfih s vyuZitim nejblizSiho mozného N
mista sestiihu v exonu 4

s

+ existence podobnych obrannych mechanizmi prokazana i u jinych
organizmu (napf. nestabilita mutantni mRNA se vznikem pfedcasného
stopkodonu (> 50-55 bp pfed normalnim stop kodonem) u eukaryot, viz
doporucena studijni literatura, Singh and Lykke-Andersen, 2003)
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|dentifikace genu ab initio

. programy pro predikci exond

o 4 typy exonl (podle polohy):
+  iniciaéni
* vnitini
+  terminalni
*  jednoduche

o programy kromé rozpoznavani mist sestfihu
zohlednuji i strukturu jednotlivych typl exond

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

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

INVESTICE DO ROZVOJE VZDELAVANI
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|dentifikace genu ab initio

The New GENSCAN Web Server at MIT

Identification of complete gene s in genomic DNA

to the progras
nic sequences from a variety

pairs (1 Mbp) in length. 1
\ces 10 pros 3

@ req
bottom of this r use the GENSCAN email server. 17y
t support file upload o m forms, use the older versio

P .
name (optional): (S

ur DNA sequence file (one-letter code, upper
Browse.

A sequence here (one-letier code, upper or k

1 address here (<
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|dentifikace genu ab initio

GENSCANW output for sequence CKI1

Explanation Gn.Ex : gene number, exon number (for reference) Type : Init = Initial
exon (ATG to 5' splice site) Intr = Internal exon (3' splice site to 5' splice site) Term
= Terminal exon (3' splice site to stop codon) Sngl = Single-exon gene (ATG to
stop) Prom = Promoter (TATA box / initation site) PlyA = poly-A signal (consensus:
AATAAA) S : DNA strand (+ = input strand; - = opposite strand) Begin : beginning
of exon or signal (numbered on input strand) End : end point of exon or signal
(numbered on input strand) Len : length of exon or signal (bp) Fr : reading frame
(a forward strand codon ending at x has frame x mod 3) Ph : net phase of exon
(exon length modulo 3) — the position of the intron towards the ORF of the exon
(0, 1 or 2) I/Ac : initiation signal or 3' splice site score (tenth bit units) Do/T : 5'
splice site or termination signal score (tenth bit units) CodRg : coding region
score (tenth bit units) P : probability of exon (sum over all parses containing
exon) Tscr : exon score (depends on length, I/Ac, Do/T and CodRg scores)
Comments The SCORE of a predicted feature (e.g., exon or splice site) is a log-
odds measure of the quality of the feature based on local sequence properties.
For example, a predicted 5' splice si te with score > 100 is strong; 50-100 is
moderate; 0-50 is weak; and below 0 is poor (more than likely not a real donor
site). The PROBABILITY of a predicted exon is the estimated probability under
GENSCAN's model of genomic sequence structure that the exon is correct. This
probability depends in general on global as well as local sequence properties,
e.g., it depends on how well the exon fits with neighboring exons. It has been
shown that predicted exons with higher probabilities are more likely to be correct
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than those with lower probabilities.

What are the suboptimal exons?

Under the probabilistic model of gene structural and compositional properties
used by GENSCAN, each possible "parse" (gene structure description) which is
compatible with the sequence is assigned a probability. The default output of the
program is simply the "optimal" (highest probability) parse of the sequence. The
exons in this optimal parse are referred to as "optimal exons" and the translation
products of the corresponding "optimal genes" are printed as GENSCAN predicted
peptides. (All the data in our J Mol Biol paper and on the other GENSCAN web
pages refer exclusively to the optimal parse/optimal exons.) Of course, the
optimal parse does not always correspond to the actual (biological) parse of the
sequence, that is, the actual set of exons/genes present. In addition, there may be
more than one parse which can be considered "correct", for example, in the case
of a gene which is alternatively transcribed, translated or spliced. For both of
these reasons, it may be of interest to consider "suboptimal” ("near-optimal")
exons as well, i.e. exons which have reasonably high probability but are not
present in the optimal parse. Specifically, for every potential exon E in the
sequence, the probability P(E) is defined as the sum of the probabilities under the
model of all possible "parses" (gene structures) which contain the exact exon E in
the correct reading frame. (This quantity is calculated as described on the
GENSCAN exon probability page.) Given a probability cutoff C, suboptimal exons

are those potential exons with P(E) > C which are not present in the optimal parse.

Suboptimal exons have a variety of potential uses. First, suboptimal exons
sometimes correspond to real exons which were missed for whatever reason by
the optimal parse of the sequence. Second, regions of a prediction which contain
multiple overlapping and/or incompatible optimal and suboptimal exons may in
some cases indicate alternatively spliced regions of a gene (Burge & Karlin, in
preparation). The probability cutoff C used to determine which potential exons
qualify as suboptimal exons can be set to any of a range of values between 0.01
and 1.00. The default value on the web page is 1.00, meaning that no suboptimal
exons are printed. For most applications, a cutoff value of about 0.10 is
recommended. Setting the value much lower than 0.10 will often lead to an
explosion in the number of suboptimal exons, most of which will probably not be
useful. On the other hand, if the value is set much higher than 0.10, then
potentially interesting suboptimal exons may be missed.
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|dentifikace genu ab initio

GENSCAN predicted genes in sequence 02:56:23

I E—
1 I
L L 1 " L L L 1 L | 1 1 L

15 20 235 0 35 40 4

K Il Opimal exon
ey Initial Internal Terminal Single-excn
y: B e g [ o I

exon gene |:| Suboptimal exon

Explanation Gn.Ex : gene number, exon number (for reference) Type : Init = Initial
exon (ATG to 5' splice site) Intr = Internal exon (3' splice site to 5' splice site) Term
= Terminal exon (3' splice site to stop codon) Sngl = Single-exon gene (ATG to
stop) Prom = Promoter (TATA box / initation site) PlyA = poly-A signal (consensus:
AATAAA) S : DNA strand (+ = input strand; - = opposite strand) Begin : beginning
of exon or signal (numbered on input strand) End : end point of exon or signal
(numbered on input strand) Len : length of exon or signal (bp) Fr : reading frame
(a forward strand codon ending at x has frame x mod 3) Ph : net phase of exon
(exon length modulo 3) — the position of the intron towards the ORF of the exon
(0, 1 or 2) I/Ac : initiation signal or 3' splice site score (tenth bit units) Do/T : 5'
splice site or termination signal score (tenth bit units) CodRg : coding region
score (tenth bit units) P : probability of exon (sum over all parses containing
exon) Tscr : exon score (depends on length, I/Ac, Do/T and CodRg scores)
Comments The SCORE of a predicted feature (e.g., exon or splice site) is a log-
odds measure of the quality of the feature based on local sequence properties.
For example, a predicted 5' splice si te with score > 100 is strong; 50-100 is
moderate; 0-50 is weak; and below 0 is poor (more than likely not a real donor
site). The PROBABILITY of a predicted exon is the estimated probability under
GENSCAN's model of genomic sequence structure that the exon is correct. This
probability depends in general on global as well as local sequence properties,
e.g., it depends on how well the exon fits with neighboring exons. It has been
shown that predicted exons with higher probabilities are more likely to be correct
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than those with lower probabilities.

What are the suboptimal exons?

Under the probabilistic model of gene structural and compositional properties
used by GENSCAN, each possible "parse" (gene structure description) which is
compatible with the sequence is assigned a probability. The default output of the
program is simply the "optimal" (highest probability) parse of the sequence. The
exons in this optimal parse are referred to as "optimal exons" and the translation
products of the corresponding "optimal genes" are printed as GENSCAN predicted
peptides. (All the data in our J Mol Biol paper and on the other GENSCAN web
pages refer exclusively to the optimal parse/optimal exons.) Of course, the
optimal parse does not always correspond to the actual (biological) parse of the
sequence, that is, the actual set of exons/genes present. In addition, there may be
more than one parse which can be considered "correct", for example, in the case
of a gene which is alternatively transcribed, translated or spliced. For both of
these reasons, it may be of interest to consider "suboptimal” ("near-optimal")
exons as well, i.e. exons which have reasonably high probability but are not
present in the optimal parse. Specifically, for every potential exon E in the
sequence, the probability P(E) is defined as the sum of the probabilities under the
model of all possible "parses" (gene structures) which contain the exact exon E in
the correct reading frame. (This quantity is calculated as described on the
GENSCAN exon probability page.) Given a probability cutoff C, suboptimal exons

are those potential exons with P(E) > C which are not present in the optimal parse.

Suboptimal exons have a variety of potential uses. First, suboptimal exons
sometimes correspond to real exons which were missed for whatever reason by
the optimal parse of the sequence. Second, regions of a prediction which contain
multiple overlapping and/or incompatible optimal and suboptimal exons may in
some cases indicate alternatively spliced regions of a gene (Burge & Karlin, in
preparation). The probability cutoff C used to determine which potential exons
qualify as suboptimal exons can be set to any of a range of values between 0.01
and 1.00. The default value on the web page is 1.00, meaning that no suboptimal
exons are printed. For most applications, a cutoff value of about 0.10 is
recommended. Setting the value much lower than 0.10 will often lead to an
explosion in the number of suboptimal exons, most of which will probably not be
useful. On the other hand, if the value is set much higher than 0.10, then
potentially interesting suboptimal exons may be missed.
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Regulace transkripce

* Funkéni vyznam sestfihu v nepiekladanych oblastech - dilezita regulaéni
soucast genl

. Transla¢ni represe  prostiednictvim

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

. Identifikovano napf. u kukufice (Wang
and Wessler, 1998, viz doporuéena lit.)

M K R A F. M MV KVT..

L] V pfipadé CKI1 pokus prokazat tento
zpUsob regulace genové exprese pomoci
transgennich linii nesoucich widA pod
kontrolou dvou verzi promotoru, zatim
nepotvrzeno

" g .t VERST, INVESTICE DO ROZVOJE VZDELAVANI
AR o & <1
* * %‘7 . E Tato prezentace je spolufinancovana

* *
RAx — . PV A, & Evropskym socidlnim fondem
EVROPSKA UNIE ¥ M E y Y Pro konkurenceschopnost R2ross a statnim rozpottem Ceské republiky

Sy
Vensis
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Regulace transkripce

* Funkéni vyznam sestfihu v nepiekladanych oblastech - dilezita regulaéni
soucast genl
V pfipadé CKI1 pokus prokazat tento zplUsob regulace genove

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

BamHI

GAGGAGGCACMARTGACGAA, ~/f~ TGTATTCTT TTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAA GAAGA TAATATGA GBATCCCCCGETAGGT CAGTCCCT TATGT TACGT CCTGT AGAMACCCCAACC
@RI PRV GQSLMLRPVETPT

-2739

70 —— — @KRAF e 1 MV KV T K.

- BamHl

ACT CAAAT GATGGTGAAAGT TACAAAGCTT GTGOCTTCACGTC GEATCCCOCGOGTAGGT CAGTCCCT TATGT TACGT CCTGT AGRAACCCCAACT
M MV KVTKLVYASRRIPRVYVYGQSLMLRPYETPT

GAGGAGBCACAAMATGACGAA - ff= GTTATACAA

— intron

B oo

* %

*
*

*
*

* *
* 4k

EVROPSKA UNIE hwl” MLADEZE A TELOVSCHOVY | pro konkurenceschopnost

. "y VERST, INVESTICE DO ROZVOJE VZDELAVANI
o & o%n,
m . E Tato prezentace je spolufinancovana

£ Evropskym socidlnim fondem

VI
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OP Vzdélavani 44,, o L % x i E
ANA D a statnim rozpottem Ceské republiky
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Genové modelovani

= programy pro genové modelovani

o zohlednuji takeé dalSi parametry, napf. navaznost ORF

(http://genes.mit.edu/GENSCAN.html)
velice dobry pro predikei exonl v kédujich oblastech
(testovano na genu PDR9, identifikoval vSech 23 (!) exont

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

VI
Vensy

. "y VERST, INVESTICE DO ROZVOJE VZDELAVANI
o & o%n,
- Ef ’mr . E M ’ Tato prezentace je spolufinancovana

£ Evropskym socidlnim fondem
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EVROPSKA UNIE wil”

|dentifikace genu ab initio

GeneMark™

A family of gene prediction programs provided

by Mark Borodovsky's Bioinfermatics Group at o

the Georgia Institute of Technology, Atlanta, e

Georgia. GeneMark and
GeneMark.hmm.

What's New: - November,
05

Supported|
NIH

Gene Prediction in Bacteria and Archaea
.. For bacterial and archaeal gene
prediction, you can use the parallel
of the
GeneMark .hmm programs here,

Borodovsky Group

Gene Prediction

o]

« GeneMark

« 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 I Baireticimodels
ic models option or, if

the sequence is longer than 1 Mb, Statistics

generate models with the self-training |, Dacumented

program GeneMarkS. Both options GeneMark.* usage

allow you to generate models and then

to use GeneMark.hmm and GeneMark in | yel,

parallel. « References
5 g e « Papers
Gene Prediction in Eukaryotes . FAQ

For eukaryotic gene prediction, you can |« Contact
@808 use the parallel combination of the
GeneMark and GeneMark.hmm programs  Databases of
here. predicted genes
+ Prokaryotes™e"!
Gene Prediction in EST and cDNA » Viruses/Phages
~ry To analyze ESTs and cDNAs, please follow | (VIOLIN)
57 thislink,
I ;I & Bioinformatics
1

Gene Prediction in Viruses Bloinformatics Studies

g For viral gene prediction, or to access our
@: virus database VIOLIN, please follow this | e 1o
s « PhD Program
o Lectures
« Seminars
« Center for
Bioinformatics and

What the programs do:

V OP Vzdélivini

pro Konkurenceschopnost

NERST,

isviy.
-e.‘ Ve,

ety

Eukaryotic GeneMark.hmm (12 e s00: pc
References:
gorodavsky M. and Lukashin 4. (urpublished)
% omsadze A., Ter-Hovhannisyan V., Chernoff Y. and Borodovsky M.,
"Gene identificafion in novel eukaryotic genomes by self-training algorithm”,
Nucleic Acids Research, 2005, Vol 33, No. 20, 6494-6506
ACCUracy COmpanson

UPDATE Octcber 2005, Added pre-built models of sukaryotic GeneMark hmm ES-3.0 (€ -
eukaryotic; § - self-training; 3.0 - the version)

Listing of prewioys update:
Input Sequence

Title (optional): o

K

737
gar

Faciagmy
Faeeiecasan gt anas ave syt gnatancac scatecaryuatat v vt pasaaas atag CATTCCTOCTOTT TG

AN A AACGOA A CTAGT CAANEAGGTCOCTT CATFT ACECANGAT CTCEGGACARGT (T AGTTTCGGAGATT
swm TACAT Th

| pelyieg i T T T AT CA G CCTT T CT AT ST AT
T C CATCTTTTCTT ACKIT GEAGAATC ARM ACAAGTOTC

TTOCAGITCC ACTOGCTAC NPT GEAGATC AANGAT TANG AT AL ANGCTTTTT ECTCT 1T AT TOANTTT CGGGC
Bssmessivm s st giancgaces pe uencecago svmccan g LRI ACTC
NG ACCAACACEE AT ANCE AL ANECHCAARAGLC AMAAT AT MACTE ATTGT LLTTATCAT T CTT GG TTCCOTTGGE

Sequence File upload

Species o] Atndina ES30 Model descripti

Output Options
Em 3l Address: (required for graphical output or sequences longer than 400000 bp)d

#] Generatz POF graphics (screen}
1 Generate PostScript graphics (email)e.

£1 Prirt GeneMark 2.4 predictions in addition to GeneMark.hmim predictionse
] Translate predicted genes into proteine.

R Defadk

un Stan Gunabark b |

! o S SR RO g
z

o

&

LAVANI

.nancovana
Evropskym socidlnim fondem

a statnim rozpodtem Ceské republiky
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|dentifikace genu ab initio

Result of last submission:

View PDF Grap hical Ouiput
GeneMarkhmm Listing

Go to: GeneMark. hmm Protein Transhtions

Go to: Job Submission

Bukaziotyc Genetfark.lmm version bp 3.9 Bpril 25, 2008

Sequence name: CKIL

Sequence length: $043 bp

GHC content: 28.79%

Macrices f£ile: /home/germark/ euk_ghm.matsices/ whal ima_humd. Omod
Thu Oct 1 11:09:24 2009

Predicted genes/exons

Gene Ixon Strand Exon Exon Range Exon Staze/End
LI yPe Length Frame
1 2 % Inisial 969 1025 S7 13 - -
1 2 # Invernal 1188 1294 240 13-~
1 2 + Invernal 1518 2178 &60 L3 ==
1 & + Internal 2266 2644 279 1l=-
1 5§ + Internal 2724 1217 584 29-=--
1 & + Inteznal 2397 4629 1233 13-~
1 7 #+ Terminal 4709 a9zl 213 13-~
- QNER /ZDELAVANI
& .
l - g 2 Tato prezentace je spolufinancovana
& z
. e 7@_ & Evropskym socidlnim fondem
) 0 SKC % S -
EVROPSKA UNIE ¥ pro konkurenceschoprost  ANA B a statnim rozpottem Ceské republiky
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|dentifikace genu ab initio

Result of last submission:

View PDF Grap hical Ouiput
GeneMarkhmm Listing

Go to: GeneMark. hmm Protein Transhtions

Go to: Job Submission

Bukaziotyc Genetfark.lmm version bp 3.9 Bpril 25, 2008

Sequence name: CKIL
Sequence lengvh: 5043 bp
“C content: 28.79%

Matrices file: /home/germarzk/ euk_ghm.matrices/avhal iana_humd. Omod

Thu Oct 1 11:09:24 2009

Predicted genes/exons

Gene Exon Svrand Lxon
# #

vpe
1 1 + Iisial

1 2 # Internal
1 2 + Invernal
1 & + Internal
1 5§ + Internal
1 & #+ Intexnal
1 1 + Terminal

Exon Range Exon
Length
969 1025 5713 - -
1188 1394 240
1516 2175 660
2266 264949 279
2734 3317 584
3397 4629 1233
4709 agz21 213

Svaze/End
T ame

R RE e

GO oRoe

[

- W
*
*
I
EVROPSKA UNIE hl” ILADEZE A TELOVYGHOVY

OP Vzdélivini
pro Konkurenceschopnost

mm— GeneMarkhmm prediction  yy., yo 40 03:23:47 EST 2008, Order 5, Window 96, Step 12, 46
§
g
i
£
5
? g 4400 4800 5200 5600 6000
03 — o o~ waer oem
ool L L1 AL L L
3 5200 00 5000
2| 10 Faa W
3 wv'\
g /
&
5 ot mo R .  — et
; [
] "
% |00 | |A| RN Lo Al |fw'
L 200 %600 5000
i
LIl
0.5] %71 o e—— —_—— '
o J‘J E L I »‘ -AVANI
o 1 1 L 1 1 I !
e 200 %00 5000 i
z Nuclsotide Position ancovana
% QY & Evropskym socidlnim fondem
& o
“ANA® a statnim rozpottem Ceské republiky
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Genové homologie

= vyhledavani genll podle homologii

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

= porovnavani s proteinovymi databazemi
(http://mwww.nchi.nlm.nih.qov/BLAST/, http://workbench.sdsc.edu

(http://www.ebi.ac.uk/Wise2/)

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

- porovnavani s homolognimi genomovymi
sekvencemi z pfibuznych druht
(http:/mww.lbl.gov/Tech-Transfer/techs/Ibnl1690.html)

VI
Vensis

OP Vzdélavini 5 3
et

" g .t VERST, INVESTICE DO ROZVOJE VZDELAVANI
AR o & <1

: : m . E 7 Tato prezentace je spolufinancovana

* gk N i ' Evropskym socidlnim fondem

EVROPSKA UNIE ¥ MLADEZE A TELOV SV bro Konkutenceschopnost a statnim rozpottem Ceské republiky




Osnova

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

~— . y
* L) AVERS/,

o o.- '&\ ",

* * ’ £ .

* * @ =

* 4 7, &

B IS 5TVO S V OP Vzdélavini “x, o~y
EVROPSKA UNIE wil” A 7" oro konluranceschopnost  CANA B

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socidlnim fondem
a statnim rozpottem Ceské republiky
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Genomova kolinearita

. genomy pfibuznych druhll se pfes znacné odlisnosti vyznaduji
podobnostmi v usporadani i sekvencich, moznost vyuZiti pfi
identifikaci genl u pfibuznych organizm({ pomoci vyhledavani v

databazich | o e oo . . . .
= obecne schéma postupu pfi vyuzivani geonomové kolinearity (také

Jkomparativni genomika“) pfi experimentalni identifikaci gen(
piibuznych organizm:

mapovani malych genomu s vyuZzitim nizkokopiovych DNA marker(i (napr.

R'\:rliﬁ%iti téchto marker k identifikaci ortholognich gent (gen( se stejnou nebo
podobnou funkci) pfibuzného organizmu
maly genom (napf. ryze, 466 Mbp) mize 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 pii identifikaci ortholognich oblasti velkych genomu (napf.
je€mene nebo psenice, 5000, resp. 16000 Mbp)

Sy
Vensis

£ Evropskym socidlnim fondem
OP Vzdélavini % )
Lana®®

. "y VERST, INVESTICE DO ROZVOJE VZDELAVANI
* J 2 .
Ef ’mr . E M 7 Tato prezentace je spolufinancovana

v pro kenkurencesehopnost a statnim rozpottem Ceské republiky
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Genomova kolinearita

" 140 kb M:ize (2500 Mbp)
4 - 'ID:
1 | Rice (400 Mbp)
—

20 kb

B ‘:-:.:D: Hexaploid wheat (16 000 Mbp)
=== = Barley (5000 Mbp)
—— i il |=—— Rice (400 Mbp)

50 kb

High gene density

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 piestavby (dalece, duplikace, inverze a translokace

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

= béhem evoluce dochazi u pfibuznych druhl k odchylkam predevsim
v nekoédujicich oblastech (invaze retrotranspozon( atd

..‘
A
X - e Rice (400 Mg

* %

* *
* *

* *
* ok
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Genomova kolinearita

= Genomova kolinearita HOX genl u
Zivogichd

= Transkrip&ni faktory fidici

organizaci téla v anterio-

posteriorni ose wfE Hl Cdx
= Pozice gendl v genomu odpovida i Pt itk | MedPost
prostorove expresi béhem vyvoje | PG8
Scafiold 70 499,380 bp
- — 3
— % e | o
M ar ITRUIATE [~
- G| Ll L
Capipb (; ‘,,:LL_) ] L}
Orotitns \;‘_k) Eiienias | Xlox
CophDY {: ”_D — I Gsx
e GED
e C’—'—’) Contral class g lPG1 2
s (ﬁ B 5 = Anterior
Caphiond ( . D
EVR captposiz C 73 — Posterior class

roprady
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Osnova

= Experimentalni identifikace genl

= pfiprava genové obohacenych knihoven
pomoci technologie metylaéniho filtrovani

* %

* *
* *

* *
* ok

EVROPSKA UNIE wil”

INVESTICE DO ROZVOJE VZDELAVANI

GNERST,
_Q\— '.'J.

~—
’mr 5 2 Tato prezentace je spolufinancovana
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%, = Evropskym socidlnim fondem
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Metylacni filtrovani

pfiprava genové obohacenych knihoven pomoci
technologie metylacniho filtrovani

geny jsou (vétsinou!) hypometylovane, kdezto
nekodujici oblasti jsou metylované

vyuziti bakterialniho RM systému, ktery rozpoznava
metylovanou DNA pomoci rest. enzym( McrA a McrBC

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

pro $tépeni je nutna vzdalenost téchto mist z 40-2000 bp

< il RS, INVESTICE DO ROZVOJE VZDELAVANI
. S i,

%" s £ ' Tato prezentace je spolufinancovana

i . OF Vadbldwiok %, & Evropskym socidlnim fondem

EVROPSKA UNIE

Viy

Vensy

"
% o~ e ¥ Ry
pro konkurenceschopnost Lana et a statnim rozpottem Ceské republiky
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Metylacni filtrovani

pfiprava genové obohacenych knihoven pomoci
technologie metylacniho filtrovani

= schéma postupu pfi pfipravé BAC genomovych
knihoven pomoci metyla¢niho filtrovani:

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

fragmentace DNA (1-4 kbp) a ligace adaptoru

priprava BAC knihovny v mcrBC+ kmeni E. colf

selekce pozitivnich klon(

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

* = .t RS, INVESTICE DO ROZVOJE VZDELAVANI
Pt O S ',

’mr . E 7 Tato prezentace je spolufinancovana
*gx

£ Evropskym socidlnim fondem
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Osnova

= Experimentalni identifikace genl

= pfiprava genové obohacenych knihoven
pomoci technologie metylaéniho filtrovani

=  EST knihovny

* < . RS, INVESTICE DO ROZVOJE VZDELAVANI
Pt O S ',
* * ’mr . E Tato prezentace je spolufinancovana
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EST knihovny

= pfiprava EST knihoven
izolace mMRNA
RT PCR

klonovani do vhodného
bakterialniho vektoru

transformace do bakterii a ggatgc ttatacaagtgttt——

cctacgattatacccccaa

izolace DNA (amplifikac
DNA)

sekvenace s
pouzitim primerd
specifickych pro
pouzity plasmid

Zaklady genomiky Il, Identifikace genu




Osnova

» Postupy ,pfimé" a reverzni genetiky
= rozdily v mysSlenkovych pfistupech Kk
identifikaci gen( a jejich funkci

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

= Experimentalni identifikace genl

= pfiprava genové obohacenych knihoven
pomoci technologie metylaéniho filtrovani

= EST knihovny

= pfima a reverzni genetika

= P ar VERST, INVESTICE DO ROZVOJE VZDELAVANI
A o & o,
Ef m . £ M ’7 Tato prezentace je spolufinancovana
* g x 7, &
= e A TELoY o koot

2, & Evropskym socidlnim fondem
S S x
R2ross a statnim rozpottem Ceské republiky

EVROPSKA UNIE
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Prima a reverzni
genetika

*= Principy experimentalni identifikace genu
prostrednictvim prime a reverzni genetiky

= Zména fenotypu po mutagenezi
=  Genetika pfima

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

= Analyza exprese daného genu a jeho
Casoprostorové specifity

" g .t VERST, INVESTICE DO ROZVOJE VZDELAVANI
ey o & o,
Ef %‘7 . £ M ’7 Tato prezentace je spolufinancovana
* 4 x 7, &
= L ROER A Tevon

== %, & Evropskym socidlnim fondem
OP Vzdélavini % > . x ~ 5
Bro Konkurenceschopnost Lana et a statnim rozpottem Ceské republiky

EVROPSKA UNIE
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Prima a reverzni
genetika - shrnuti

*= Principy experimentalni identifikace genu
prostrednictvim prime a reverzni genetiky

= Zména fenotypu po mutagenezi
=  Genetika pfima

o . o avERSTy, INVESTICE DO ROZVOJE VZDELAVANI
* * . B .
: : %‘7 . £ ’7 Tato prezentace je spolufinancovana
7 z
ol 71 o o eETl  lopyamae %, & Evropskym socidlnim fondem
-] > 7, >
EVROPSKA UNIE hl” h % v

Bro Konkurenceschopnost Lana et a statnim rozpottem Ceské republiky




Cloning of CKI1

o CKI was identified via activation mutagenesis in Arabidopsis

plasmid

ctrl1 rescue

ctrl2 Pro358::CK1

= Overexpresion of CK/1 leads to
CK-like response in the
hypocotyl explants

t-zeatin

NO hormones [§

Kakimoto, Science (1996)

= CKI1 encodes a protein with

T i g OBHE+PL OsQOOONOOSNA DD
similarity to bacterial histidine

klinases N —oi—c
OF-PF
OD-GOGO® GOGLGL
sigmal imput autophosphaey Lation recriver ke
donsin ot domin

Q non-poiar amine acids
@ polar amine acids (.a)

+ basicaa

- acide or amidicaa

® positions with lexs than
s conservason
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Signal Transduction via MSP

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

PM

AHK sensor histidine kinases
« AHK2

+ AHK3

+ CRE1T/AHK4/WOL

HPt Proteins —.—<3

+ AHP1-6

Respgonse Regulators
« ARR1-;

— (DN

~ 24
NUCLEUS @ REGULATION OF TRANSCRIPTION

INTERACTION WITH EFFECTOR PROTEINS
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Prima a reverzni
genetika

*= Principy experimentalni identifikace genu
prostrednictvim prime a reverzni genetiky

= Zména fenotypu po mutagenezi
= Genetika pfima

= I|dentifikace inzeréniho mutanta a analyza
jeho fenotypu
= Genetika reverzni
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|dentification of insertional
cki1 mutant allele

ﬁtﬁcaagtcgtCACTACAAGA " "En1 TCTTGTAGTGcgtggaﬁEt
; Ll 2

\ o —
\ -

\ o
A aat tca ag{ cgt'gga gac tacact tgg tac act caa acc gtg gat cag tta act ggt
N s sIRaGDYltTwy TQ TV DQ L TG
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CKI1 Regulates Female
Gametophyte Development

o CKI is necessary for proper megagametogenesis in Arabidopsis

CKI1/ckil-i CKI1/CKI1

Hejatko et al., Mol Genet Genemics (2003)
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CKI1 and
megagametogenesis

o ckil-iis not transmitted through the female gametophyte

A. & wtx © CKIM/ckit-i
I [ CKI1 specific primers (PCR positive control)

B. J CKI1/cki1-i x ¢ wt

¢ CKI1/ckit-i

I | ckit1-i specific primers ‘

2 CKI/cki1-i x © wt
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CKI1 and

megagametogenesis
FGa

Pollen sacs
produce male
gametes

Pistil
Ovary.
(carpels) 1 with eggs Anther |

Stamen
Filament |

Nucellus
Embryo sac
/- Integuments

FG1 FG2 FG3 FG4
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CKI1 and
megagametogenesis

FQdgte FG5
CKiI1 ckil-i 28 HAE

sen
. SC
'\‘ -
e
FG6




Prima a reverzni
genetika

*= Principy experimentalni identifikace genu
prostrednictvim prime a reverzni genetiky

= Zména fenotypu po mutagenezi
=  Genetika pfima

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

= Analyza exprese daného genu a jeho
Casoprostorové specifity




A

CKI1 is Expressed Throughout
Megagametogenesis

FGO0-FG1

FG3-FG4
u V'

FGT7

: "\'

FG4-FG5
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Paternal CKI/1 is Expressed in the
Arabidopsis Sporophyte Early after

Fertilization
¢ wtx d ProCKI1:GUS

28 HAP / b S

(hours : ,p"
after i T
pollination) (] et
& :
i s A ‘/
& 70 ,//’
£ . \ 7 s

Hejatko et al., Mol Genet Genomics (2003)
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Prima a reverzni
genetika - shrnuti

*= Principy experimentalni identifikace genu
prostrednictvim prime a reverzni genetiky

= Zména fenotypu po mutagenezi
=  Genetika pfima

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

Analyza exprese daného genu a jeho
Casoprostorové specifity
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Shrnuti

» Postupy ,pfimé" a reverzni genetiky
= rozdily v mysSlenkovych pfistupech Kk
identifikaci gen( a jejich funkci

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

= Experimentalni identifikace genl

= pfiprava genové obohacenych knihoven
pomoci technologie metylaéniho filtrovani

= EST knihovny

= pfima a reverzni genetika

= P ar VERST, INVESTICE DO ROZVOJE VZDELAVANI
A o & o,
Ef m . £ M ’7 Tato prezentace je spolufinancovana
* g x 7, &
= e A TELoY o koot

2, & Evropskym socidlnim fondem
S S x
R2ross a statnim rozpottem Ceské republiky

EVROPSKA UNIE

68




Iskuse

* %

* *
* *
* *

* ok

EVROPSKA UNIE wil”

~

- avERSTy, INVESTICE DO ROZVOJE VZDELAVANI
o < Ty
s 5 & Tato prezentace je spolufinancovana
OP Vazdélavani %

% Evropskym socidlnim fondem
S S
pro konkurenceschoprost ANA B

a statnim rozpottem Ceské republiky
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