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Outline

» Forward and Reverse Genetics Approaches

= Differences between the approaches used
for identification of genes and their function

= |dentification of Genes Ab Initio

=  Structure of genes and searching for them
=  Genomic colinearity and genomic homology

= Experimental Genes Identification

= Constructing gene-enriched libraries using
methylation filtration technology
= EST libraries

= Forward and reverse genetics
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Outline

» Forward and Reverse Genetics Approaches

= Differences between the approaches used
for identification of genes and their function
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Forward vs. Reverse Genetics
Revolution in understanding the term ,,gene*

,reverse genetics” approaches
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|dentification of the role
of ARR21 gene

 Hypothetical signal transducer in two-component system of
Arabidopsis
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|dentification of the role
of ARR21 gene

Recent Model of the CK Signaling via Multistep Phosphorelay
(MSP) Pathway
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|dentification of the role
of ARR21 gene

 Hypothetical signal transducer in two-component system of
Arabidopsis

« Mutant identified by searching in databases of insertional mutants
(SINS-sequenced insertion site) using BLAST
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|dentification of the role of
AR R21 gene — isolation of insertional

mutant

Searching in databases of insertional mutants (SINS)

Insert SINS:
Query: 80

Shjct: 58319
Arr21: 1830

Insert SINS:
Query: 140

Shjct: 58379
Arr21: 1890

Localization

01 09 64
tectagoegttecatgagegtaccatacttgacaanagagaacgtageocagecatttacagg 139

trrreeeerrrereerrrreeeererereeerr oreeeerrerrererrrreerrrere
tcctagoegttecatgagegtaccatacttgacaagagagaacgtagoecagecatttacagg 58378

01 09 64
tttgatatctcttgtcaaaaatgtttttggattttactgt 179

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

of dSpm insertion in genome sequence of

ARR21 using sequenation of PCR products

16k - d11

ATG.
D2

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




|dentification of the role
of ARR21 gene

 Hypothetical signal transducer in two-component system of
Arabidopsis

« Mutant identified by searching in databases of insertional mutants
(SINS-sequenced insertion site) using BLAST

« Expression of ARR21 in wild-type and inhibition of expression of
ARRZ21 in insertional mutant confirmed at the RNA level
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|dentification of the role of
ARRZ21 JENE - analysis of expression

wild type expression
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|dentification of the role
of ARR21 gene

* Hypothetical signal transducer in two-component system of
Arabidopsis

« Mutant identified by searching in databases of insertional mutants
(SINS-sequenced insertion site) using BLAST

« Expression of ARR21 in wild-type and inhibition of expression of
ARRZ21 in insertional mutant confirmed at the RNA level

* Phenotype analysis of insertional mutant

*
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|dentification of the role of ARR21
gene — phenotype analysis of mutant

* Analysis of sensitivity to plant
growth regulators
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|dentification of the role of ARR21

gene — possible reasons for the absence of

the phenotype

 Functional redundance within the gene family
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|dentification of the role of
ARR21 gene — homology of ARR genes

Legenda:
O AFRR-A

@
[} |
= oy
=) o
2 <
B ARE-B

@ nalerena alespofi jedna EST




|dentification of the role of ARR21

gene — causes of absence of the phenotype

» Functional redundance within the gene family?

* Phenotype only under specific conditions
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|dentification of the role
of ARR21 gene - summary

» Gene ARR21 identified by comparative analysis of
Arabidopsis genome

» Based on sequence analysis, its function was predicted

=  Site-specific expression of ARR21 gene was proved at the
RNA-level

= |dentification of gene function by insertional mutagenesis
in case of ARR21 in development of Arabidopsis was not
successful, probably because of functional redundancy
within the gene family
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Outline

» |dentification of Genes Ab Initio
=  Structure of genes and searching for them
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Genes Structure

Promoter

TATA ATG....ATTCAT A
Transcriptional ‘ . S
start o a
S
Translational a
A

. o
Splicing
Stop cod ATTATCTGATATA ... ATAAATAAATGCGA

O

Polyadenylation
signal




RNA Splicing

5' 3
. splice splice ,
3 site site 3
eHon intron s EHON
reqions
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|dentification of Genes Ab
INItio
=  Omitting 5" and 3° UTR

= |dentification of translation start (ATG) and stop
codon (TAG, TAA, TGA)

= Finding donor (typically GT) and acceptor (AG)
splicing sites

= Many ORFs are not real coding sequences — in
Arabidopsis, there are on average approximately
350 milion ORFs in every 900 bp of sequence(!)

= Using various statistic models (e.g. Hidden
Markov Model - HMM, see recommended
literature, Majoros et al., 2003) to evaluate and
score the weight of identified donor and acceptor
sites
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Splicing Site Prediction

| Programs for splice site prediction
(specifity approximately 35 %)

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

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

SplicePredictor

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

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

Paste your genomic DNA .

G BAATG

ye

3

TTTGGGTGGTGCTGACTGGTGACTG WCTGCAGAATG

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

Browse... |

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

- Programs for splice site prediction
(specifity approximately 35 %)

(http://www.tigr.org/tdb/GeneSplicer/gene spl.html)
(http://deepc?2.psi.iastate.edu/cgi-bin/sp.cqi)
(http://www.cbs.dtu.dk/services/NetGene2/)
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NetGeneZ2

CENTERFOD
RBIOLOGI
CALSEQU

LYSIS CBS

BS >> Prediction Servers >> NetGene2

NetGene2 Server

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

Instructions Qutput format Abstract
SUBMISSION

Submission of a local file with a single sequence:

File in FASTA format Browse... |

@ Human

_C. elegans
A thaliana
[ Clearfields || Sendfie |

Submission by pasting a single sequence:

Sequence name
__'Human

_IC. elegans
@A thaliana
Sequence

ATGATCTTARACAGCT

ACTCTTATTATTTTTCTTTAGTTTATTA

(CHRE

[ Clearfields || Send fie |

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

Performanc



NetGeneZ2
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RNA Splicing and Adaptation

= Flexibility in splicing site recognition in plants in practice —
example of developmental plasticity of (not only) plants

* ldentification of mutant with point mutation
(transition G—A) exactly at the splice site at the
5" end of the 4th exop,
Bpml PfIMI Asel Psil Spel  Bcll
CTGZGAATI'ACAAAGT GI'I'A'I'IGTCTIGATCCTAAAWGM‘IGCTC’ITG]GTI‘ITCTATFI’CT (IJAGBAACTGGIGAAGZT OACTGGT @AAAPCACNGAA@AAG&TAMCAWAWAA@WAATGIIAWATAAAG:OAGBMG@T AGTAGWGI'CECTAACTAGTFFFGAT@MGWATACCTIUAGTGT CCT

14
GQCGCTI' AA G @AO%ATAKIAWCTAGG\'I'ITAACTI’ A(HGAA@CAAAAGATAAA@(IST (I)'I'I'GACCGC CGAGT GGO(A(IS GTGTAC (IIETI' CI'A G AATAATI'ACT ACAA'I'I'ACOSTAATA (EG mmm%mmATCMMCTAGFHCMAATAmmA

LvvvsS.LVLIKVLYLOQVC

LF’DR_Uﬂ) L 1o splicing
L B
L

r EXON-3

ELVKLTGAKTHEAKINTIINDVNGIIKPGR
‘ PDR exon 3 ORF ‘

Pstl
BspMI Hpal Stul Pvull

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

1653
ATAA@AGMCEACAACGT(IAATIGTGQGAGSMC@GBAGBATCGAGICTFFHGTIGAMCAA‘I‘ITC(IB@ACA@CWMAWWA@WMAWMWUATATMTMMGM@CWHWW@CWWMG
LFFLLLOQ F |
no splicing— pis1 EXON-4 |
CGKTTLLKALSGNLENNTLK
\—pis1 exon4ORF |
L ']
L ] L
‘ EXON4 |
HLTLLLGPPSCGKTTLLKALSGNLENNLK
‘ PDR exon 4 ORE | |
* X
*
* * a
* *
* *
o - g are i e s ras saen T
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RNA Splicing and Adaptation

Identification of mutant with point mutation (transition G—A)
exactly at the splice site at the 5° end of the 4th exon

Analysis by RT PCR proved the presence of a fragment
shorter than cDNA should be after the typical splicing event

PDR_U1a/PDR_L1 PDR_U1b/PDR_L1b

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

- 100 bp




RNA Splicing and Adaptation

Flexibility in splicing site recognition in plants in practice
example of developmental plasticity of (not only) plants

* ldentification of mutant with point mutation (transition G—A)
exactly at the splice site at the 5° end of the 4th exon

* Analysis by RT PCR proved the presence of a fragment shorter
than cDNA should be after the typical splicing event

« Sequenation of this fragment then suggested alternative splicing
with the closest possible splice site in exon 4

Bsml AlwNI

Bpml PAMI sel Psil Spel Bell

CTGCGAATTACAAAGTTGTTATTGTCT TGATCCTAAATTGAATGCTCTTGTGTTTTCTATTTCTCCAGGAACTGGTGAAGCT CACTGGT GCAAAAACACATGAAGCCAAGATAAACATTATT AATGATG TTAAT GGCAT TATAAAGCCAGGAAGGTTAGTAGTTGTCTCCTAACTAGTT TTGATCAAAGTTTTATACCT TCAAGTGTGCT 147

GACGCTTAATGTTTCAACAATAACAGAACTAGGATTTAACTTACGAGAACACAAAAGAT AAAGAGGTCCTTGACCACTT CGAGT GACCACGTTTTTGTGTACTTCGGTTCTATT TGTAATAATTACTACAATTACCGTAATATTTCGGTCCTTCCAATCATCAACAGAGGAT TGATCAAAACTAGTT TCAAAATATGGAAGT TCACACGA

LVVVS.LVLIKVYLYTLGQUVC
L no splicing

LpPDR_U1b
M

l EXON 3

E LV KLTGAKTHEAKTIEINTIT I NDVNGTIII KPGR

L PDR exon 3 ORF |

Pstl

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

TTTTGTTGAAACAAT TTCCG GAACAGACCT TTAAATCT TTTGT TAGAT TTCCAAGATT ACTAC TTTCG TCAAT ATAGT AAAAGAACAC TT CTAAAAAAACGAC GTCGACACACTT CAAACATG GAAAAG

ATAAGAAGAACGACAACGT CCAAT TGT GACAA CGAAC CAGGAGGATCGACGC

L FFLLLZQ
no splicing F

pis1 EXON 4

C 6GKTTLULKALSG GNLENNTLK
pis1 exon 4 ORF .

F
L EXON 4

DLTLLLGPPSCGKTTLLKALSGNLENNLK
L

PDR exon 4 ORF |




RNA Splicing and Adaptation

= Divergencies at splice site recognition in plants in practice —
example of developmental plasticity of (not only) plants

EJC Spliceosoma

* ldentification of mutant with point mutation o

(transition G—A) exactly at the splice site at the 5° o .
end of the 4th exon @ww T

@
* Analysis by RT PCR proved the presence of a OC;}/ o
fragment shorter than cDNA should be after the @ a
. . . T MR o NI T W (T T ¢
typical splicing event

Decapping? Daadanylation?

- Sequenation of this fragment then suggested "%"me

alternative splicing with the closest possible splice
site in exon 4

- Existence of similar defense mechanisms was proven in different organisms
as well (e.g. Instability of mutant mRNA with early stop codon formation (>
50 - 55 bp before typical stop codon) in eukaryotes, see recommended
literature — Singh and Lykke-Andersen, 2003

Vensis =

~ i SVERSZ, INVESTICE DO ROZVOJE VZDELAVAN:I

o ke s,
Imr .o = Tato prezentace je spolufinancovana
: Evropskym socialnim fondem

e Ef
* * *
. MINISTERSTVO SKOLSTVI OP Vzdélavani O
EVROPSKA UNIE il

pro konkurenceschopnost Zanaw® a statnim rozpoctem Ceskeé republiky

SV
\;Es



ldentification of Genes Ab
Initio
L Programs for exon prediction

o 4 types of exons (according to location in the gene):

. initial

. internal
« terminal
* single

o Programs predict splice sites and they take

into account the structure of the type of exon
as well

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

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

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

For information about Genscan, cli

B 4
his server provides access to the program Genscan for predicting the locations and exon-intron
tructures of genes in genomic sequences from a variety of organisms.
his server can accept sequences up to 1 million base pairs (1 Mbp) in length. If you have trouble with
e web server or if you have a large number of sequences to process, request a local copy of the

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

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

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

[ Browse..._]

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

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

Run GENSCAN Clear Input




GENSCAN

GENSCANW output for sequence CKI1

Gn.Ex Type S .Begin ...End .Len Fr Ph I/Ac Do/T CodRg P.... Tscr..
1.00 Prom + 1497 1536 40 -3.85
1.01 Init + 3708 3764 57 2 0 63 51 37 0.499 4.03
1.02 Intr '+ 3894 4133 240 2 0 = 7 2150013111, 32
1503 Intr '+ 4255 4914 660 0 0 86 59 296 0.771 22.57
1.04 Intr + 5005 5383 379 0 1 70 91 343 0.772 31.41
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
1.07 Term + 7448 7660 213 1 0 43 35 212 0.999 12.65
1.08 PlyA + 7910 7915 6 -0.45
2.03 PlyA - 7976 7971 6 -4.83
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

Suboptimal exons with probability > 0.100

Exnum Type S .Begin ...End .Len Fr Ph B/Ac Do/T CodRg P.... Tscr..

5.001 Init + 1867 1905 39 0 O 64 40 57 0.298 3.74

5.002 Init + 2374 2442 69 0 O 55 85 -11 0.132 2.40

5.003 Intr + 3894 4110 217 2 1 -3 -34 307 0.177 11.55

5.004 Intr + 4352 4914 563 0 2 75 59 338 0.187 26.20

$.005 Intr + 5005 5379 375 0 0 70 8 335 0.212 22.99

$.006 Intr + 5442 6056 615 2 0 95 99 589 0.208 57.32
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GENSCAN

GENSCAN predicted genes in sequence 02:56:23

2l 2] 1 | |
1 I I

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

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

50 5.3 6.0 6.3 7.0 1.3 8.0 8.3 9.0 9.

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

exon exon exon gene D Suboptimal exon



Regulation of Translation

 Splicing in Untranslated Regions — important regulation part of genes

. Translational repression by short ORFs
in 5 UTR MKRAF.
. Identified e.g. in maize (Wang and

Wessler, 1998, see recommended
literature for additional info.)

M K R A F . M MV KVT..
. In case of CKI1 there was an attempt to
prove this mechanism of regulation using
transgenic lines carrying uidA under
control of two versions of promoter

(unconfirmed so far)
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Gene Modelling

=  Programs for gene modelling

o Those that take into account other parameters as well,
e.g.continuity of ORFs

(http://genes.mit.edu/GENSCAN.html) —
very good foor prediction of exons in coding regions (tested for
gene PDR9, Genescan identified all of the 23 (!) exons)

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

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

%‘&va
e
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GeneMark

GeneMark™ What's New: - November,

A family of gene prediction programs provided — 200% SUpported

. i by NIH
by Mark Borodovsky's Bioinformatics Group at  Frokaryotes: predicted 4
gene database.

Eukaryotic Gene Mark.hmm(L2) (Reload this page)
References:
1BDdeDvsky M. and Lukashin &, {unpublished)
2l om sadze A, Ter-Hovhannisyan ¥, Chernoff ¥, and Borodovsky M.,

the Georgia Institute of Technology, Atlanta Proka i "Zene identificadon in novel eukaryatic genomes by self-training algarithm™,
: ' ' ryotes: models for . Y g
Georgia. CanaMakna Mucleic Acids Research, 2005, vol. 33, Mo, 20, 6494-6506
GeneMark.hmm.

AcCcuracy com Qarisan

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

Gene Prediction in Bacteria and Archaea Borodovsky Group eukaryatic; S - self-training; 2.0 - the version)
-+ For bacterial and archaeal gene
3 = prediction, you can use the parallel Gene Prediction Listing of previous updates
. .= combination of the GeneMark and Programs Input Sequence
™ GeneMark.hmm programs here. « GeneMark Title (optional): &
« GeneMark.hmm e

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

of available ITIOC|E'|S, you should use H ri ti d | dattattcact cadattoacddaggtt atthogtttt cartago go cobbh Ch cE CgacktEohtgat gaas cobtattt ot o at
i P < = * Heuristic models gt gaaat ctadt FaAgActaAt TR gk g Faratt Jargrttaaaaatgaa FEETTEat gEttaat c arrttcatgagrar
either the Heuristic models ODtIOn ar, if agatttaagtt dadddctaat atccgdat gootgagat att ghtt cotaddatgagat gatt ghbttt atthattdc c dr gart ot tE gl

i f e CHtTCoCobbt Jodatac ab Aggat at ddatto at A0 abght C Chdabtht ARG CFE Akt Attt ettt gt oradga
the sequence is lonlger than 1 Mb, . Statistics ot atabctat attattttack Chbth chEoghCat catttat agh b att ab atat ab o dcdcdc A dcacac ok ab At gt ak ag ot
generate models with the self—tramlng « Documented dadatatatagadatggatcttgagdat cabthb et E R gh At R RE ghL b cdda gyt FE Cgactt R gotcc gaggaagaagataat

: 3 CEETLEEAgIIttRa Cattot Cobh gArt FE g adadc gt Jadat TR A CACEE At C Jhtgb ACE E b G g Ch T hat A g at e
program GeneMarkS. Both options will GeneMark.* usage ataagttadcaabgottcchcgtagaatt Joaaadc artt gt ggac cqhgarttacatgact gagot ch bt cagt gacEt ot goage

allow you to generate models and then

g Iaggact datcdagacaadat o ohtooh ot 4340 Jat CJCCght OF At adh Chh JOC At Ot JaC Jagh chh gt chbh a
3t aagggatcacgagar ac Ac gt att 3t abt At T EEE b bR T T S EE QO TS SR T 3t A0 A qh b Aot © 23AT GAT 56T FARR

Gene Prediction in Eukaryotes

to use GeneMark.hmm and GeneMark in Help

+ References
« Papers
« FAQ

ITGTFECTTCACGT CCAATT GTFET CITTTFOFTCCT bgraatt cb gobbb chthotbct ddattat dac gab gart cracarttob act o

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

For eukaryotic gene prediction, you can « Contact
& »— use the parallel combination of the

ABACCETGGATC AGTT AACT GETCGTCTT AACEGEAACTE AAC GARATCTC 46T CETTAG AT 6T A0 C CATACAGATTGETTC CAAGCAG
TAACTACACT ACARCCTTTET ARGAA GAGCTT GHFARGAGAAGAT AACEARACT CT AT ACAGARC 6T GETT AGCTTET AC AGC AAGA2
GeneMark and GeneMark.hmm programs Databases of TCTTTAGGGTTT COGFETT AAGACTTTAACCEAAGTTTT GAAC ACTT T HAAT T ACACGHC GARGARCTTT ACAT 6T GRACARACCACEGE
I dicted TTCGT GAAGETT CACTGAAT GATT CTTT CTTCAT CT CCAATGHCTC GATTT GCTT CEGT AGARAATC G AACTCCCT CTRETCT CAATHC A
nere. predicted genes TG0 AGTT CCAGTRECT A0 AGET GEAG AT CAAAAFATTAAGAT A0 CAAGCTTTTTGOTCT GTT ATT G AACTTTCGGECGTT CCT CThgh

Proka otesNew! acatatttcactttgatgoagt £ Foatc gactt ot hh ot o Aot cht o caat gttt bbb bbbt oo - aghGAT ACAC ACTC
s FI ry’ ACAAAGFAGEAGCARC AL GO AT CAAGE AT CAMST GEAARAGED AARAT AT C AACTT ATT 6T FETTAT AT ATTT CTT GGCTTEC GETT 6L

Gene Prediction in EST and cDNA « Viruses/Phages ITGT GTEETTT AT FAT G0 AN C AACAM G AGARAEAT G0 AT AT6C 6T 50 AMC COT FAT ARAC D AAMT 66 AAGCGAL A0 AAC ARG T CARAG
e To analyze ESTs and cDNAs, please follow (VIOLIN)
L B this link. Sequence File upload:e
"' 8 Bioinformatics Frochézst...
A Resources
« Links Species: @ Athdiana E5-3.0 Model description

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

! virus database VIOLIN, please follow this « MS Degree Program |

e link. « PhD Program
« Lectures [¥] Generate POF graphics (screen)
« Seminars [71 Generate PostScript graphics (email)e
What the programs do: « Center for [Z1 Print GeneMark 2.4 predictions in addition to GeneMark . hmm predictionse

71 Translate predicted genes into proteins

Bioinformatics and , . 2
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GeneMark

Result of last submission:

View PDF Graphical Ouwipui

Geneblarkhmm Listing

Go to: GeneMarl hmm Protein Transltions
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GeneMark

Result of last submission:

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

1.01
View PDF Graphical Quiput m }\q m ﬂ m
.. 0.51 V 1/ U T,
Geneblarkhmm Listing Y
. . o ) o | I | A N . L1 )
Go to: GeneMarlk hmm Protein Transkiions 00 FE00 1800 5200 5600 8000
8
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C%) 05_ n [} (Ri 1 i L e | B (e B e | I I (I} [ i il e T
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Genomic Homologies

Searching for genes according to homologies with known sequences

- Comparison with EST databases
(http://www.ncbi.nim.nih.gov/BLAST/, http://workbench.sdsc.edu/

: Comparison with protein databases

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

They compare protein sequence with genomic DNA (after reverse
transcription), therefore the aminoacid sequence is needed

Comparison with homologous genome sequences from related
species

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

= |dentification of Genes Ab Initio

=  Structure of genes and searching for them
=  Genomic colinearity and genomic homology
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Genomic Colinearity

. Genomes of related species (despite large differencies) are
characterized by similarities in sequence organization -> possibility to
use this information for identification of genes in related species when
searching in databases

. General scheme of work while applying genomic colinearity (also
called ,comparative genomics®) for experimental identification of
genes in related species:

Mapping small genomes using low-copy DNA markers (e.g. RFLP)

Using these markers for identification of orthologous genes (genes with the
same or similar function) of related species

Small genome (e.g. rice, 466 Mbp) can be used as a guide: molecular low-
copy markers (e.g. RFLP) bound to gene of interest are identified and these
regions are then used as a probe for searching in BAC libraries during
identification of orthologous regions of large genomes (e.g. barley: 5 Gbp, or
wheat: 16 Gbp)



Genomic Colinearity

< >
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= 20 kb
B B , Hexaploid wheat (16 000 Mbp)
T | Barley (5000 Mbp)
== =N  Rice (400 Mop)
< >
50 kb
High gene density
C
< : >
300 kb
Gene-rich region R —
D cifefeeliRef = el ——
B >

Feuillet and Keller, 2002



Genomic Colinearity

- Can be mostly used for the species of grass (e.g. using related genes
of species of barely, wheat, rice, maize)

- Small genome reorganizations (deletions, duplications, inversions,
translocations smaller than a few cM) are then detected by detailed
sequentional comparative analysis

. During evolution there's occured some divergencies in related
species, mostly in non-coding regions )

(invasion of retrotransposons etc.) :: -

e
20 kb

140 kb .\EII/L‘CSUU Mbp)

B = = ; Hexaploid wheat (16000 Mbp)
==ll———= =————- Barley (5000 Mbp)
I:.:Ij:.:D:I Rice (400 Mbp)

50 kb
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Genomic Colinearity

= Genomic colinearity of HOX genes in animals

= Transcription factors controlling
organisation of body in anterio-posterior
axis

= Position of genes in
corresponds with spatial
during development

genome
expression

= [nterspecies conservation
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Outline

= Experimental Genes Identification

= Constructing gene-enriched libraries using
methylation filtration technology
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Methylation Filtration

» Preparation of gene-enriched libraries by technology of
methylation filtration

= genes are (mostly!) hypomethylated, noncoding regions
‘ are methylated

using bacterial restriction-modification system, which

recognizes methylated DNA with restriction enzymes
McrA a McrBC

McrBC recognizes methylated cytosin (in DNA), which comes
after purine (G or A)

For cleavage the distance of these sites 40-2000 bp is necessary
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Methylation Filtration

Preparation of gene-enriched libraries by technology of
methylation filtration

Scheme of work during preparation of BAC genome
libraries using methylation filtration:

preparation of genomic DNA without addition of organelle DNA
(chloroplasts and mitochondria)
fragmentation of DNA (1-4 kbp) and ligation of adaptors

preparation of BAC libraries in mcrBC+ strain of E. coli
selection of positive clones

Limitied usage: enrichment of coding DNA only approx.
5-10 %
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Outline

= Experimental Genes Identification

= Constructing gene-enriched libraries using
methylation filtration technology
= EST libraries
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EST Libraries
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= Preparation of EST libraries
Isolation of mMRNA
Reverse transcription

Cloning into suitable bacterial
vector

Transformation into bacteria ggatgctaatatgggggttatacaagtgttt———

) \ cctacgattatacccccaa
and isolation of DNAZ ° TTTTTTITT
. . N 'f\f\f\f\f\f\/’\f\'AA
(amplification of DNA)

Sequencing  using

primers specific for
used plasmid \

Zaklady genomiky Il, Identifikace genu




Outline

= Forward and Reverse genetics approaches

= Differences between the approaches used
for identification of genes and their function

= |dentification of Genes Ab Initio

=  Structure of genes and searching for them
=  Genomic colinearity and genomic homology

= Experimental Genes Identification

= Constructing gene-enriched libraries using
methylation filtration technology
= EST libraries

= Forward and reverse genetics
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Discussion
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