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Osnova

= Postupy ,pfimé” a reverzni genetiky
= rozdily v mysSlenkovych pristupech Kk
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 ,primeé” a reverzni genetiky

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

,Reverzne geneticky” pristup

S'TTATATATATATATTAAAAAATAAAATAAAA
GAACAAAAAAGAAAATAAAATA....3

Pristupy ,klasické” genetiky
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ldentifikace role genu
ARR21

» Pfredpokladany prenasec signalu u dvoukomponentniho signalniho
systému Arabidopsis

~ VERST, INVESTICE DO ROZVOJE VZDELAVANI
° Q &,
i 7 Wr . = Tato prezentace je spolufinancovana
il e ey - / Evropskym socialnim fondem
EVROPSKA UNIE v MIT ‘i}",,i , S SKOLSTV OP Vzdélavani

pro konkurenceschopnost ANA DS a statnim rozpoctem Ceské republiky

\AVSVI\
A
YeNnstS



ldentifikace role genu
ARR21

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

@

K

HPt Proteins '

* AHP1-6
Response Regulators

@ ARR1-24
NUCLEUS & REGULATION OF TRANSCRIPTION

PM

AHK sensor histidine kinases
« AHK2
« AHK3
« CRE1/AHK4/WOL

INTERACTION WITH EFFECTOR PROTEINS



ldentifikace role genu
ARR21

» 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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ldentifikace role genu
AR R21 — 1zolace Inz. mutanta

vyhledavani v databazi inzerénich mutanti (SINS)

Insert SINS:
Query: 80

Shjct: 58319
Arr2l1: 1830

Ins ert_S INS:
Query: 140

Sbhjct: 58379
Arr21: 1890

01 09 64
tdgtagcgttcatgagcgtaccatacttgacaanagagaacgtagccagccatttacagg 139

trrrererrrrrrrererererrrereerr v rreeerrrrrrrrrrrrerrr e
tectagoegttecatgagegtaccatacttgacaagagagaacgtagocagocatttacagg 58378

01 09 64
tttgatatctcttgtcaaaaatgtttttggattttactgt 179

Lrrrrrerererrrererrrererererrr el
tttgatatctcttgtcaaaaatgtttttggattttactgt 58418

lokalizace inzerce dSpm v genomové sekvenci ARR21
pomoci sekvenace PCR produktii

_16k-d11

ssom  H—EH—HH

ATG.
D2

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




ldentifikace 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

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

ACTIN2/20
ACTIN2/25
ARR21 /30
ARR21/35

ARR21/40
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ldentifikace role genu
AR R21 — analyza exprese

Standardni typ
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ldentifikace 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

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

* Analyza fenotypu inze€niho mutanta
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ldentifikace role genu
AR R21 — analyza fenotypu mutanta

« Analyza citlivosti k regulatorum

rustu rostlin : - e
100 > a8 £
= 2,4-D a kinetin
=  etylén < 30
= svétlo ruznych .
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ldentifikace role genu
AR RZl — priciny absence fenotypu

* FunkCni redundance v ramci genoveé rodiny?
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ldentifikace role genu
ARRZ2]1 - pribuznost ARR genu

Legenda:
O AER-A
B ARE-B

@ nalezena alespofi jedna EST

ARR2 m

@
]
P

2




ldentifikace role genu
AR RZl — priciny absence fenotypu

* FunkCni redundance v ramci genoveé rodiny?

* Fenotypovy projev pouze za velmi specifickych podminek (?)
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ldentifikace role genu
AR RZl — shrnuti

= Gen ARR21 identiflkovan pomoci srovnavaci analyzy
genomu Arabidopsis

» Na zaklade analyzy sekvence byla predpovezena jeho
funkce

» Byla prokazana mistné specificka exprese genu ARR21 na
urovni RNA

= |dentifikace funkce genu pomoci inzerCni mutageneze v
pfipadé ARR21 ve vyvoji Arabidopsis byla neuspesna,
pravdépodobné v dusledku funkcéni 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 '
pocatek . =
transkripce a
S

podatek )
. o

ATTATCTGATATA ....ATAAATAAATGCGA

O




Sestrin RNA

Sl 3'
splice splice

S “oite e ¥

exon intron s exon
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ldentifikace genu ab initio

= zanedbani5 a3 UTR

= |dentifikace pocCatku translace (ATG) a stop
kodonu (TAG, TAA, TGA)

= npalezeni donorovych (vétSinou GT) a
akceptorovych (AG) mist sestrihu

= vetSina ORF neni skutecné kodujicimi
sekvencemi — u Arabidopsis je asi 350 mil. ORF
na kazdych 900 bp (1)

= vyuziti ruznych statistickych modeld (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 sestrihu
(specificita pfiblizné 35%)

(http://www.tigr.org/tdb/GeneSplicer/gene spl.html)
(http://deepc?.psi.iastate.edu/cqi-bin/sp.cqai)
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http://www.tigr.org/tdb/GeneSplicer/gene_spl.html
http://deepc2.psi.iastate.edu/cgi-bin/sp.cgi

Predikce mist sestrihu

BCB @ ISU Blcu"foggatlcs 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 is
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:
) £ ‘|
: T T

VTC

TTTGGGTGGT SGTGACTGGTGAC 3CTCGGC

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

Browse...

... or type in the GenBank accession number of your sequence:
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Predikce mist sestrihu

What do the output columns mean?

FpuEI ‘BQHI

L exon 2
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1 —exon 2
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1) €2
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1 1)
1 1) i . . f t . t t 3618
1 \ b
1 [ n
! L exon 3 |
1
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AFEF
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sil BssSI sel Hindlll fel
f | f | ¥
t t . t t t 3752
e
L
4
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1
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ldentifikace genu ab initio

programy pro predikci mist sestrihu
(specificita pfiblizné 35%)

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

(http://www.cbs.dtu.dk/services/NetGene?2/)
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Predikce mist sestri

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. 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
@/ A thaliana
Sequence

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



Prediction done
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3484
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Sestrin RNA a adaptace

= odchylky rozpoznavani mist sestfihu 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

Bsml AlwNI
Bpml PfIMI Asel Psil Spel Bell

CTGCGAATTACAAAGITGT TATTGTCT TGATCCTAAATT GAATGCTCTT GTGTT TTCTATTT CT CCAGGAACTGGTGAAGCT CACTGGT GCARAAACACATGAAGCCAAGAT AAACATTATT AATGATGTTAAT GGCAT TAT AAAGC CAGGAAGGTTAGTAGTT GTCTCCTAACTAGTT TTGAT CAAAGTTT TATACCT TCAAGTGT GCT
f ! N ' ' ' ! ! ' ! ' N ! ' ' ! ' ' ' '
t

147

GACGCTTAATGT TTCRAACAATAACAGAACTAGGATTTAACTTACGAGAACACAARAGAT AAAGAGGT CCTTGACCACTTCGAGT GACCACGT TTTTGTGTACTT CGGTT CTATT TGTAATAATTACT ACAAT TACCGTAATATT TCGGT CCT TCCAATCATCAACAGAGGAT TGATCAAAACTAGTT TCAAAAT ATGGAAGT TCACACGA

LVVVS.LVLILTIZ KV VTEILYTLHQ C
I-PDR_Ule |—nosphcmg
L ']
r 1
EXON 3
ELVEKLTGAERKTHEHAZXRKTINTITINDUVNGTITITZEKTPGR

L PDR exon 3 ORF I

Pstl
|BspMI |Hpa| Stul |Pvull
TATTCTTCTTGGTGTTG(@:TAACACT GTTGCTTGGTCCTCCTAGCTGCEGARRAACAACTT TGT TARAGGCCTT GTCTGGAAAT TT AGA RAACART CTARA GG TCTRA TGATGAA AGCAGTTATATCATT TTCTTGIGAAGRT TTTTT TGCTGCAGCTGI GTGRAGTTTETACCTTITC
) ) : ) ) ) ; ) : ) ) ) ) ) ) ) )
} } } } } } } } } } } } } } } } } }
ATAAGAAGAACGACAACGT CCAAT TGT GACAACGAAC CAGGAGGATC GACGC CT TTT TGTTGAAACAAT TTCCGGAACAGACCT TTARATCT TT TGT TAGAT TT CCAAGATTAC TAC TT TCGTCAAT ATAGT AAAAGAA CAC TT CTAAA ARAACGAC GT CGACACACTT CAAACATGGARRAG
L |
L FFLLILOQ f 1
no splicing pis1 EXON 4 I
C G6GKTTTLILEKALST GNTLENNTLEK
pis1 exon 4 ORF:
L |
| | L}
' EYON 4 !
H L TLLLGPPSCGEKTTTLILZ KA ALSTGNTLETUNTNTLEK
' PDR exon 4 ORF ' i
* X %

* *
* *

e * a
* x X - RO RO |
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Sestrin RNA a adaptace

identifikace mutanta s bodovou mutaci (tranzice G—A)
pfesné v misté sestrihu 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 D e

- 100 bp




Sestrih RNA a adaptace

= odchylky rozpoznavani mist sestfihu 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

Bsml AWNI
Bpml PfIMI Asel Psil Spel

—
Lror_u1bd
M

E
L EXON

E L V K L T G A K T H E A K I N I I
L PDR exon 3 ORF.

pis1 EXON 4

c G K T T L L K A L S G N L E N N L K
L o pislexondORF— |

r 1
L EXON 4 |

L T L L L G P S - G K T T L L K A L N L K
L PDR exon 4 ORF. |




Sestrih RNA a adaptace

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

EIC

. ‘g , ) W@l TR /_\(Uz"cmsom o
- identifikace mutanta s bodovou mutaci (tranzice & @

G—A) presné v misté sestfihu na 5° konci 4. exonu

@"nﬂf | I T T

]
 analyza pomoci RT PCR prokazala pfitomnost Oé/ o
fragmentu kratSiho nez by odpovidalo cDNA po

\
z r M4 e@‘ ea‘ UAG
normalnim sestrihu

CTo

Decapping? Daadanylation?

- sekvenace tohoto fragmentu pak ukazala na 9?;),@.@@
alternativni sesfih s vyuzitim nejblizSiho mozného o
mista sestfihu v exonu 4

TES

- 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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ldentifikace genu ab initio

=  programy pro predikci exonu

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

o programy kromeé rozpoznavani mist sestfihu
zohlednuji i strukturu jednotlivych typt exonu

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

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

~ o VERSZy, INVESTICE DO ROZVOJE VZDELAVANI
° Q &,
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http://genes.mit.edu/GENSCAN.html
http://opal.biology.gatech.edu/GeneMark/
http://rulai.cshl.org/tools/genefinder/

ldentifikace genu ab Initio

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

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.

PEENTSTH Arabidopsis Suboptimal e> cutoff (optional)
bequence name (optional): (S
iale)este bl Predicted peptides only

pload your DNA sequence file e-letter code, upper or lower case, spaces/numbers ignored):

[ Browse.._|

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




ldentifikace genu ab Initio

GENSCANW output for sequence CKII po
cTTCTG r“ =
s ot s et
- o " I
r e 5
}
=
Predicted genes/exons: \;%F\ci - .
"‘ - ]
Gn.Ex Type S .Begin ...End .Len Fr Ph I/Ac Do/T CodRg P.... Tscr.. [ o o
5
1.00 Prom + 1497 1536 40 -3.85 e —
1.01 Init + 3708 3764 57 2 0 63 51 37 0.499 4.03 .
1.02 Intr + 3894 4133 240 2 0 = 7 327 0.713 17.32 e pon
1.03 Intr + 4255 4914 660 0 O 86 59 296 0.771 22.57 e e e e T e e e o
1.04 Intr + 5005 5383 379 0 1 70 91 343 0.772 31.41 L
1.05 Intr + 5473 6056 584 2 2 38 99 582 0.722 50.76 -
1.06 Intr + 6136 7368 1233 0 0 68 108 655 0.977 56.86 A [ .
1.07 Term + 7448 7660 213 1 0 43 35 212 0.999 12.65 = = e = = S
1.08 PlyvA + 7910 7915 6 -0.45 - :
me‘ e ” " ¢ » A F;ﬂ FHD‘ A A
2.03 Plya - 7976 7671 5 _4.83 S e
2.02 Term - 8793 8050 744 0 0 107 37 542 0.997 48.46 =
2.01 Init - 9253 8936 318 1 0 105 73 386 0.999 41.18
o
Suboptimal exons with probability > 0.100 e T AT
Exnum Type S .Begin ...End .Len Fr Ph B/Ac Do/T CodRg P.... Tscr.. -
77777 e s e e e e e e e pro = o
$.001 Init + 1867 1905 39 0 0 64 40 57 0.298  3.74
5.002 Init + 2374 2442 69 0 O 55 95 -11 0.132 2.40 e e e oomamr] b
S.003 Intr + 3894 4110 217 2 1 -3 -34 307 0.177 11.55 rh
S5.004 Intr + 4352 4914 563 0 2 75 59 338 0.187 26.20 e
5.005 Intr + 5005 537¢ 375 0 O 70 8 335 0.212 22.99 =
5.006 Intr + 5442 6056 615 2 0 95 99 589 0.208 57.32 ]




ldentifikace genu ab initio

GENSCAN predicted genes in sequence 02:56:23

5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.

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

exon €xon CX0on gene D %LIhL‘Pli mal exon
< al ex



Regulace translace

soucast genu

. Translacni  represe  prostrednictvim
kratkych ORF v 5'UTR

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

. V pfipadé CKI1 pokus prokazat tento
zpusob regulace genové exprese pomoci
transgennich linii nesoucich uidA pod
kontrolou dvou verzi promotoru, zatim
nepotvrzeno

* Funkéni vyznam sestfihu v neprekladanych oblastech - dulezita regulacni

M K R A F .

M K R A F . M MV KVT..

N - L] ER S
WERS7,
P oé o
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Evropskym socialnim fondem
a statnim rozpo&tem Ceské republiky



Regulace translace

* Funkéni vyznam sestfihu v neprekladanych oblastech - dulezita regulacni
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 TGCTCCGAGGAA CAAGATAATATGA GGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC

MRI PRV GQSLMLRPVETTPT

//
-2739 -

MMVKVTK.

GAGGAGGCACAAAATGACGAA —f/- GTTATACAAGT TCACT CAAAT GATGGTGAAAGT TACAAAGCTT GTGGCTTCACGTCGGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGI AGAAACCCCAACC
M MV KV T KLV A SRR

PRV GQSL MLRPV ETUPT

— intron

-
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Genové modelovani

programy pro genové modelovani

o zohlednuji také dalSi parametry, napr. navaznost ORF

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

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

(http://http://ccb.jhu.edu/software/glimmerhmm/

~ o VERSZy, INVESTICE DO ROZVOJE VZDELAVANI
° Q &,
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http://genes.mit.edu/GENSCAN.html
http://opal.biology.gatech.edu/GeneMark/
http://http//ccb.jhu.edu/software/glimmerhmm/

GeneMark™
A family of gene prediction programs provided
by Mark Borodovsky's Bioinformatics Group at

the

Georgia.

ldentifikace genu ab initio

2005

Georgia Institute of Technology, Atlanta,

Gene Prediction in Bacteria and Archaea

et For bacterial and archaeal gene
= prediction, you can use the parallel
“ combination of the GeneMark and
T GeneMark.hmm programs here.

If the DNA sequence of interest belongs
to a species whose name is not in the list
of available models, you should use
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
parallel.

Gene Prediction in Eukaryotes

For eukaryotic gene prediction, you can

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

Gene Prediction in EST and cDNA

-

To analyze ESTs and cDNAs, please follow
e this link.

Gene Prediction in Viruses

@ For viral gene prediction, or to access our

] virus database VIOLIN, please follow this

=% link.

What the programs do:

* X %
5 *
% -
* *

***

EVROPSKA UNIE

£¥

What's New: - November,

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

Borodovsky Group

Gene Prediction
Programs

« GeneMark

« GeneMark.hmm
« Frame-by-Frame
« GeneMarkS

« Heuristic models

Statistics
« Documented
GeneMark.* usage

Help

« References
« Papers

« FAQ

« Contact

Databases of
predicted genes
« Prokaryotese"!
« Viruses/Phages
(VIOLIN)

Bioinformatics
Resources
e Links

Bioinformatics Studies
at Georgia Tech

¢ MS Degree Program

e PhD Program

o Lectures

« Seminars

« Center for
Bioinformatics and

OP Vzdélavani

pro konkurenceschopnost

VERS7,

Eukaryotic Gene Mark.hmm(12} (Reload this page)
References:
1BDdeDvsky M. and Lukashin &, {unpublished)

2l omsadze A, Ter-Hovhannisyan®,, Chernoff ¥, and Borodowsky M.,
"Gene identification in novel eukaryotic genomes by self-training algorithm ™,
Mucleic Acids Research, 2005, Vol 23, Mo, 20, 6494-6506

AcocuUracy com Qarisun

LPDATE October 2005, Added pre-built models of eukaryolic GeneMark . hmm ES-3.0 (E -
eukaryaotic; 5 - self-training; 3.0 - the version)

Listing of previous updates
Input Sequence

Tie (optional): &

]

Sequence: e
aattattcactcaaattcacaaaggtt bt ogbtEoatt As Jo ookt chCE o JArt b oAt JAat ch bR Attt chh ohat
Jtgaaatctaattaagackatttto gt JEEatatt Jatghtt 133338 73333t bt ST At Jottdat c Attt cakgagt at
agattraagttadaactadtat 't Joctgagatatt et cotaaa Jattgettht atttatt dccab gattegett o
ctttoooobttgoaatacataggatat aaatts 3t acabght fotaabhht btEE I Actt Jarttt atg sttt cot Jqkggaaga
oot at at o at att Attt cECEEtE b o gE o Tt C Attt At At At At IE At At I A AcAc A A AcoE IR At JEat gt C
aaaatakataga i o a ghatt chbbtgbt akcadagbbhcgackbhgob c cgaggaagaagataat
CEttttaggotttatcattot cobtJactEE 33330 gh JA3atgE A TCACEE: Jat L Ot Jh Act gt JobbtEt At ac gt at o
ataaghtaacaabgobbochcgbagastt goasaac abbhgh graccghgatbtacabgactgagok chbbbcagh ggobb bbb goage
bhggagrackaatcaagacagaaatck ghbocbokaaaaacgak cgoogbt chaggt aak chbgocatbobbgacgagh cbb gabchhta
Fataagrgatcacgagaracacgratt dart artat rrrrr e E Rt gorrrrtabgabtatracaagrrcactcaadT FAT FeT FA s
TTETFECTTCACET CCAATT T HETCITTT FOCTCCT Fgbaatt ch gobbt bbb ohbock aaattatacgab gaktchacatbbobact o
L4 Caddt garatadtt art ghgt grararcacccart cargtatratrtrartgadaaatatagFC ATTCCT FETFETT TITTC 2
ATCT CAAATT G rCraAC A AACGrAMFAACCTAGT CAAAFAGET CRCTT CATTT ACC FAAFAT CTC CFFACAAFT CT AGTTT CEFAFATT
FAAAATTT ACAT AT GCCAM ACARACTT AT CTACGAT COETTT AR FAGAGTT AT 27 8T T CTT ATAT CACCAAC AACGAC ACTHTTTT &
AACACAFgUtattadaactaatrracardaaartcaatrartcht aghbartarctraggarFagett gagrrat araacartaacraraatr
Fgtt gt ghtgttattatbgt G oot cagAT COCAC CATTGTT GTTT 5T AGCTT ATTC &AL FATCCTT CAAGT CT CACAAETTT CFT &C AT
FETCT CAT GTTTTCTTACATT GCAGAAT CAASCAC AAGTET CFCTETTTTT GCCAATTCCTCGT CrAATT CAAGT CETHFAFACT ACACT
AARBCCGT GFAT CAFTTAACT FGTCEFTCTT AACGGGAACTC AAL FARATCT C AGT CGTTAFAT T AACCCATAC AFATTFFTT CCARGL AR
T &&CT AL ACT ACAFCCTTTOT AFFAAC FAFCTT GEFAFEAGALFET AACEAFGACTCT 24T ACAG A C T GETT AFCTTET &AC 00 280 A
TCTTT AFFETTTCCEFTT AAFACTTTAACCRAAGTTTT FAAC AFTTT FAAT CT AC AL FrC FAAGAFCTTT A0 AT 6T FFAC AAAFFACHFG
TTCHT FAAFGFTT CACT GAMT FATTCTITCTTCATCT CCART GRCTCFATTT GCTTCRFT AFAFAAT CEAACT CCCTCTFFT CTCART GC A
TTECARTTCCARTFCT AL AGGT CRAFAT CARAAGATTARGAT A CAAGCTTTTT T CTFTT ATT FAAGTTT CHFCC ETT CCT CT H ot
ACat Attt cactth gat gragtaaadlt Joatc gac b gbt b EoE C A CEE O CAat SO TR E Tt 00 c agARAT ACACACT O
ACRAAGFAFFAFCAACACH ATCARG ACCAAFCGFARRAGEC ARAAT AT C AACTT ATT FT #FTTAT AT ATTT CTTGECTT CTT HFC
TETGT ETTT AT FAT FCAM-C AAC AAGFAFAGAGAT GCAT AT FCFT ZCAAC GOT CAT ARACCAALNT CEAAGCCACAC AAC AACCT CAG AL

Sequence File upload:e

Frochazet. ..
Species 8| Athdiana ES-3.0 Model description

Output Cptions
Ernail Address: {required for graphical output or sequences longer than 400000 bp e

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

LAVANI

S Default
;‘ Run Start Genebdark hmm z
> o e v e Ju wperand1@NCOVANA
7& 5‘." Evropskym socialnim fondem
4, st o x y :
ZANA B® a statnim rozpoctem Ceské republiky
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Result of last submission:

View PDF_Grap hical Quiput .
- T -

Gn tﬂ: GEIEI‘-'IIEI]'F.]'III'IJTI. PmteinTrmh.ﬁ:m o A - AAACCAMANTACAR e A ATTATAGITTAC - ot Fpretsren v ,rw "

- e

o to: Joh Submission

Bukariotyc GeneMark _bhmm wersion bp 2.9 &pril 5, 2003

Sequence name: CKILl jou po
Jequence length: 5042 bp e Sosnesss g gt - o Bostes sesmatsssspress
GHC content: 25_79% E " :
Matrices f£ile: Jfhome/germar) euk gho matrices/ achal iana havm? . Omod L T o e (i
Thu Oct 1 11:09:&4 2003 e = E—— oo etz
Fredicted genes/sxons : :
& o
Gerie Exom Strand Exon Exon Range Ezxon Start/End B :
# # Type Langth Fram= }
O N o o
1 1 + Initial g 1oEs 571 2 - - Sobo 55 Ah Shonanos i i
1 2 + Inkernal 1155 1294 o 11 12 - - ]
1 2 + Internal 1515 z175 EE0 12 - - fe e
1 4 + Internal ZEGE Z64d 279 11--
1 5 + Imternal 2724 2217 554 z a2 - - :
1 ] + Imternal kel A623 1222 12 --
1 7 + Terminal 4709 a9zl 21z 12 -- e i ——
s s —————
Do
I :
Ot a® WER /ZDELAVANI
o* Q$
o i iy ; . P
. S 7 Tato prezentace je spolufinancovana
* * ¥ Z
Kk X % & Evropskym socialnim fondem
NISTERSTVO SKOLST\ OP Vzdélavani %, N S
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Result of last submission:

View PDF Grap hical Owiput

Genelarkhmm Listing

o to: Genehlark hmam Protein Translations

o to: Joh Submission

Bukariotyc GeneMark _bhmm wersion bp 2.9 &pril £5,

Sequence name: CKILl
Jequence length: 5042 bp
T content: IE_T9E

Matrices f£ile: Jfhome/germar) euk gho matrices/ achal iana havm? . Omod

Thu Oct 1 11:09:&4 2003

Fredicted genes/sxons

Fane Exon Strand Exon

# # Tope
1 1 + Initial

1 2 + Intternal
1 o] + Internal
1 3 + Internal
1 5 + Intzrnal
1 ] + Intzrnal
1 7 + Terminal

Exon Range

g 105 5
1155
1516
EEZGE
Joarge
ey
2709

T1z2
1294
E1735
E693
2217
529
33z 1

* X %
K *
* *
* -

***

EVROPSKA UNIE vgf MLADEZE

N

mmmm  GeneMark hmm prediction Thu Nov 10 03:23:47 EST 2005, Order 5, Window 96, Step 12, 4/6

| m ﬂ ﬂ
0.5t . ﬂ m T R
I \/ V
0.0 T L S T R (o
1o 4400 4800 5200 5600 6000
<3
g
J%; 05' n [ i B — [ LI e A M [ B e | I 1 (] [ i il e T
2005 B
£
0ol RN O O | T T U W R IR PO HR U N
0. 4400 4800 5200 5600 6000
05‘\ [ o [ 1o | | -1 1
Exon Start/End ool | LA LA [P S R T I R
Length Frame " 1o. 4400 4800 5200 5600 8000
24':' _‘L 3 - - 0.5_\\ 1 LI | L e T e T S e 1| [ [ e e— — I [ -r ro
BE0 13- -
279 11-- M
554 &z - - 0ol_sboal L, [ Y O S I R S B N P N
1733 L2 - - 8 | o 4400 4800 5200 5600 6000
212 12 - - g
g
[}
Pl
8= 05F—r oo v —_—— Vo v —
c
(0]
1S
¢ J\ A Al
R O I P I G . S 1 Y O B Y a8 |/\/\
S | [, 4400 4800 5200 5600 6000
05 Wl L 1 e A\J ﬂ n [ 1 1 e m— [ — 1} n
.t ; | _AVANI
D S Lot ‘ 1L Y Y I YA ¥ Y
0 Q 0.0
B - 4400 4800 5200 5600 6000 ,
® 5 Nucleotide Position ancovana
% WYY & Evropskym socialnim fondem
OP Vzdélavani %, & o 3 . ) _
pro konkurenceschopnost ANA'® a statnim rozpoctem Ceské republiky



Genove homologie

= vyhledavani genu podle homologii

: porovnavani s EST databazemi
(http://www.ncbi.nlm.nih.qov/IBLAST/, http://workbench.sdsc.edu/

porovnavani s proteinovymi databazemi

(http://www.ncbi.nlm.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 druhd

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

et o VERST,, INVESTICE DO ROZVOJE VZDELAVANI
° 9 <,
W" 3 f % Tato prezentace je spolufinancovana
e 2 ’ . ’
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http://www.ncbi.nlm.nih.gov/BLAST/
http://workbench.sdsc.edu/
http://www.ncbi.nlm.nih.gov/BLAST/
http://workbench.sdsc.edu/
http://www.ebi.ac.uk/Wise2/
http://www.lbl.gov/Tech-Transfer/techs/lbnl1690.html

Osnova

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

~ SNERST, INVESTICE DO ROZVOJE VZDELAVANI
D Q 14
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Genomova kolinearita

= genomy pfibuznych druhl se pfes znacné odliSnosti vyznacuji

podobnostmi v usporadani i sekvencich, moznost vyuziti pfi
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 markert (napf.

RFLP)

vyuziti téchto markeru k identifikaci ortholognich genut (genu se stejnou nebo
podobnou funkci) pfibuzného organizmu

maly genom (napf. ryze, 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 genomua (napf.
jeCmene nebo pSenice, 5000, resp. 16000 Mbp)



Genomova kolinearita

< >

A ] ]

| ]  Rice (400 Mbp)

< >
20 kb

B . = =g . Hexaploid wheat (16 000 Mbp)

—il} | =m mpl | Barley (5000 Mbp)

—— = -] ) Rice (400 Mbp)

< >
50 kb
High gene density

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 druhl k odchylkam predevsim v
nekodujicich oblastech (invaze retrotranspozonu atd.)

140 kb Maize (2500 Mbp)

(==
Rice (400 Mbp)

W ————ete—
20 kb

B = =m ; Hexaploid wheat (16 000 Mbp)
e={l——{=- === Barley (5000 Mbp)
= il = Rice (400 Mbp)
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Genomova kolinearita

= Genomova kolinearita HOX genu u Zivocichu

» TranskripCni faktory fidici organizaci téla
Vv anterio-posteriorni ose
= Pozice genu v genomu odpovida i
prostorové expresi béhem vyvoje
_{f"f"‘“LJpll |
= Mezidruhové konzervovano e
Scaffold 70 499,360 bp ,ZL M

Capildad

Caphlb

Caphpb

Capl-Hox3

CaplDid

Capl-Sar

Caphlox5 (
o (@3
Caphloxd ( -

—
—
———1

e

* |

R

g
0

Vv

N
‘." 1

4

N

\

;

B
. ) L
CapHlox2 (. D

_Flaccsagita Hox7
Capl-Antp Capl-loxd — Evprymna anip
7\

1Al

q?xi: _‘)
hios .
;n # f
Armanior dass
R
- —
1T 2 Nm Bl er :m« xlo
- = mna XX
) w— ] class pstoma Xlox
:l XSOKQ—
: —_ — 1CNC’J ma geX
L1 : — Copnolin G5% 4o
Ner (s ¢ 5)(

\P‘.{"lj.lmqsu

|

~r

I

\;'
s

Contsl class

- ! b
/ da 8
100 1
100 o ‘e Euprymin ial
S— 1\ L . I

LD a3 fabla
Syméagiifera labiad

et g — B gpchipsioma Mok
. laccisagita Mox
Sanchiosioma Evx

= Trbolium eve

— 01

Posteror class

_: Capitela Cdx €——

C
1 =
g0 Tribolium cdx
Nersis odx

g et s | Med Post

Flaccisagilta cdx
ranchicsloma cdx

Symsagitiffera cdx

ICdx

PG8 l

‘ PG7
‘Central

I PGS

| Xlox
| Gsx

l PG1-2
Anterior



Osnova

= Experimentalni identifikace genu

= priprava genove obohacenych knihoven
pomoci technologie metylacniho filtrovani
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Metylacni filtrovani

= pfiprava genové obohacenych knihoven pomoci
technologie metylacniho filtrovani

= geny jsou (vétsinou!) hypometylované, kdeZzto
nekddujici oblasti jsou metylované

=  vyuziti bakterialnino RM systému, ktery rozpoznava
metylovanou DNA pomoci rest. enzymud McrA a McrBC

McrBC rozpoznava v DNA metylovany cytozin, ktery predchazi
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 primesi organelarni DNA
(chloroplasty a mitochondrie)

fragmentace DNA (1-4 kbp) a ligace adaptoru

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

= pfiprava EST knihoven
izolace mMRNA
RT

klonovani do vhodného
bakterialniho vektoru

transformace do bakterii a ntiat ggatgctaatatgggggttatacaagtgttt———
. A CClacgalttatacccccaa
izolace DNA (amplifikace— ° T

N ) VAVAVAVEAVAVAVAVAVAY.Y

sekvenace S
pouzitim primeru

specifickych pro \

pouzity plasmid

Zaklady genomiky I, Identifikace genu



Shrnuti

= Postupy ,pfimé” a reverzni genetiky
= rozdily v mysSlenkovych pristupech Kk
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

= prfima areverzni genetika (prednaska 03)
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Diskuse
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