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Outline

= Forward and Reverse Genetics Approaches

3 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 ldentification

=  Constructing gene-enriched libraries using
methylation filtration technology

3 EST libraries

- Forward and reverse genetics



Outline

= Forward and Reverse Genetics Approaches

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



Forward vs. Reverse Genetics
Revolution in understanding the term ,,gene*

Jreverse genetics” approaches

STTATATATATATATTAAAAAATAAAATAA
AAGAACAAAAAAGAAAATAAAATA....3

,classical® genetics approaches

...aat tca agt cgt gga gac tac act...
N5 5 R & D Y T

3 ' 3 N . aaaaa
Intron
GLF G2 4494 I _—
transmembrane region
duplication
insertional mutagenesis —
I I i N exon
intran
1 61 F G2 4
I transmembtane region
En-1 duplication
¥ I Eo-7element
gasttcs agtc yt (I, NSNS - o yoagact
122 1123



|dentification of the role
of ARR21 gene

» Hypothetical signal transducer in two-component system of
Arabidopsis



|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

CHCEITEC



|dentification of the role of
ARR21 gene — isolation of insertional

mutant
Searching in databases of insertional mutants (SINS)

Insert SINS: 01l 09 64

Query:_BO tcztagcgttcatgagcgtaccatacttgacaanagagaacgtagccagccatttacagg 139
trrrerrerereeerrerrerrrrrrrrrrrrr rerrrrrrrrr et e e e rrrrred

Shjct: 58319 tecctagegttcatgagegtaccatacttgacaagagagaacgtagoecagocatttacagg 58378

Arr2l1: 1830

Insert SINS: 01 09 64
Query: 140 tttgatatctcttgtcaaaaatgtttttggattttactgt 179

trereerrerrrerererrrrerrrrrrrr el
Shjct: 58379 tttgatatctcttgtcaaaaatgtttttggattttactgt 58418

Arr2l1: 1890

Localization of dSpm insertion in genome sequence of
ARR21 using sequenation of PCR products

16k - d11
woll—B-E_ ison  H—EH—HH
D2 D1 K W 1727bp 1728 bp P

16k - 16p




|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

DICEITEC



gene/cycles
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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

DICEITEC



|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



|dentification of the role of
ARRZ21 gene — homology of ARR genes
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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?

* Phenotype only under specific conditions



|dentification of the role
of ARR21 gene - summary

Gene ARRZ21 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



Outline

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



Genes Structure
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RNA Splicing
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|dentification of Genes Ab
Initio

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

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

= 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



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)

DICEITEC



SplicePredictor

Bininformatics 2 i .
- Download Help Tutorial References Contact

B @ ISU
BCB @ IS Go

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.

ARGTAT
TTTGGGTGGT

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

Tl

Tabi¥a
Lblual

Browse...

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

DICEITEC



SplicePredictor

What do the output columns mean?

3082
FDUE\ ‘EQHI
r{ba\ IBpuEI
-
L exon 2
N
»
L Illa . UORF |
—— »
»
0293 11b_jow ——d L Xhos? 1
chl‘ |Bcgl lSnaEI |Hpal
i, . g - — : ; ' et auay
exon 2:'
|Eco\CFU
|Sac\ IPvuI
} e JLCAL MR ARAAACGATCGCCETTAGEN : : : s
'I N
L exon 3 h |
ALLLL
ARFEF
IBmgB\
sil BssS| sel Hindlll fel
| ) \ I
36 SAC C 3 STCGTT A NACHAR SATGRTC ( SCTTETEE G
3762
aTT
B
L exon 4
s ——
N
v
L Xckw |
L
—exun4:ll
—_—
sml gl BspEl
P P |

o

exon s



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/)

DICEITEC



NetGene?2

CENTERFO
RBIOLOGI
CALSEQU).
ENCEANAJ"
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. thalias

Instructions Output 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

C. elegans
@ A. thaliana
Sequence

~7

AGCTAR

CGCTT:

[ Clearfields ][ Sendfie |

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

Performanc



NetGene?2
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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

« Identification of mutant with point mutation




RNA Splicing and Adaptation

|dentification 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 .

- 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




RNA Splicing and Adaptation

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

* l|dentification 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 |~ agi "
alternative splicing with the closest possible splice =
site in exon 4

>50-66nt
Activa NMD complex

TES

»  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



|dentification of Genes Ab
Initio
. 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://hollywood.mit.edu/GENSCAN.html)
(http://opal.biology.gatech.edu/GeneMark/)

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

CHCEITEC



GENSCAN

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

g

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
ynx) does not support file upload or multipart forms, use the older

RGN Arabidopsis Suboptimal exon cutoff (optional): |SlY
bequence name (optional): (SNl
rint opticns: Predicted peptides only

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

[ Browse..._J|




GENSCAN

GENSCANW output for sequence CKII1

Predicted genes/exons:

Intr
Intr
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2.03 PlyA
2.02 Term
2.01 Init
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GENSCAN

GENSCAN predicted genes in sequence 02:56:23

L | Ll L A | 1 | Lo kb
0.0 0.5 1.0 1.5 2.0 2.5 30 3.5 4.0 4.5 5.0
[ | | |
| I ol [P B I 1 o b b bty b 1 | i 1 kb
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KE}’: , Initial . Internal - Terminal
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Single-exon
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Regulation of Translation

Translational repression by short ORFs
in 5 UTR

Identified e.g. in maize (Wang and
Wessler, 1998, see recommended
literature for additional info.)

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)

 Splicing in Untranslated Regions — important regulation part of genes

M K R A F .

M K R A F . M MV KVT..

DICEITEC



Regulation of translation

* Functional purpose of splicing in untranslated regions — important
regulation part of genes
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)

BamHI

GAGGAGGCACAAAATGACGAA —//— TGTATTCTTTTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAA GAAGA TAATATGA GGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC
@RIPRVGQSLMLRPVETPT

" — -

MMVKVTK.
-2739

GAGGAGGCACAAAATGACGAA — /- GTTATACAAGT TCACT CAAAT GATGGTGAAAGI TACAAAGCTTGIGGCTTCACGTCGGATCCCCCGCGTAGGT CAGTCCCT TATGI TACGT CCTGT AGAAACCCCAACC
M M V KV T KLV ASRRI PRYGQ@SLMLRPVYV ETT®PT

— intron

-




Gene Modelling

= Programs for gene modelling

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

(http://hollywood.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/)

(https://ccb.jhu.edu/software/glimmerhmm/)

CHCEITEC



GeneMark

GeneMark™ What's New: - November,

A family of gene prediction programs provided Al _ :
by Mark Borodovsky's Bioinformatics Group at | Frokaryotes: predicted

3 g datab. .
the Georgia Institute of Technology, Atlanta, gs;:ar;mz:f:gdas for

Georgia. GeneMark and
GeneMark.hmm.

Eukaryotic GeneMark.hmm(12) (Reload this page]
References:
1Borodo\rsky M. and Lukashin A, {unpublished)

2L omsadze &., Ter-Hovhannisyan ., Chernoff ¥, and Borodovsky M.,
"Gene identificaton in novel eukaryotic genomes by self-training algorithm™,
MNucleic Acids Research, 2005, vol. 33, Mo, 20, 6494-6506

ACCUracy comp arison

UPDATE October 2005, Added pre-built models of eukaryoic GeneMark.hmm ES-3.0 (E -

Gene Prediction in Bacteria and Archaea eukaryotic; S - self-training; 3.0 - the version)

po«.  For bacterial and archaeal gene
= prediction, you can use the parallel

Borodovsky Group

Gene Prediction Listing of previous updates

combination of the GeneMark and Programs Input Sequence
GeneMark.hmm programs here. « GeneMark Tile (optional): &

« GeneMark.hmm [cr
If the DNA sequence of interest belongs Frame-by-Frame
to a species whose name is not in the list |, GeneMarkS Sequence:e
of available models, you should use « Heuristic models 5t A £ ACE S AAaET e =t FrerEn -
either the Heuristic models option or, if i -
the sequence is longer than 1 Mb, Statistics [SEEECcccttgoaabac aggatLaaaTEoatAcINILLCCNAALEL METLL FeErTatggaag
generate models with the self-training « Documented a2t ax £aat
program GeneMarkS. Both options will GeneMark.* usage jiliiin gegazangs macgyan
allow you to generate models and then b gt
to use GeneMark.hmm and GeneMark in Help T LTS PPt CACGTEE ANTT ST LT CITTTEReT O g bbb bbbl
parallel. « References 5 gat at gkt tat: gt at ati At 5 ata g0 ATTCCT GGTGETT GTITT G4

ATCTCAAATT GECFAACAACAACCEACAACCTAGT CAAMFAGGT CHCTTCATTT ACCEAAFAT CTCCHFACAAGT CT ACTTT CH-AFATT

. Papers FAAAATTTACAT AT GCCAAFACAAACTT AT CTACFAT CHETTT AGC FAFAGTT AT AFATT CTT ATAT CACCAAC AACFACACT GTTTT &

Gene Predlctlon in Eukaryotes A FAQ CAD taattacat et tt att cbt agbtatt atctt et = bt aactataat
. L. TCECACCATTETT GTTT GT AGCTT ATT CAACFAT CCTT CAART CTCAC AAGTTT CGT ACAT

For eukaryotic gene prediction, you can « Contact GETCTCATGTTTTCTT ACATT G0 AFAAT C AAAC AC AAGTET CGCTETTTTT 600 ARTTC CT 06T 06 AATT CAAGT CFTHGAGACT A0 ACT

“ - use the parallel combination of the

GeneMark and GeneMark.hmm programs

here.

Gene Prediction in EST and cDNA

g To analyze ESTs and cDNAs, please follow

" e this link.
li

Gene Prediction in Viruses

.. For viral gene prediction, or to access our
#’-‘ virus database VIOLIN, please follow this

What the programs do:

Databases of
predicted genes
« Prokaryotes"e"'
« Viruses/Phages
(VIOLIN)

Bioinformatics
Resources
e Links

Bioinformatics Studies
at Georgia Tech

« MS Degree Program

« PhD Program

« Lectures

« Seminars

« Center for
Bioinformatics and

AAACCET AT CAGTT AACT GCTCETCTT AACGGFFAACTC AACFARAT CTCACT CCTTAGAT T AACCCATAC AFATTFCTT CCAAFC AR
TAACTACACT ACAFCCTTTCT ACCAAC CAGCTT GorACCAFAAFAT AACFAGACT CT AAT ACAFAFCGT GGTT AFCTTCT ACAGC AAFAS
TCTTTAxGGTTTCCECTT AAGACTTTAACCCAAGTTTT CAAC AGCTTTFAAT CT ACACGECFAAFAFCTTT ACAT 6T CFACAAAGFAC GG
TTCET FAAFGTT CACT GAAT GATTCTTTCTTCAT CTCCAAT G CTCFATTT GETTCEGT AFAFAAT CFAACT CCCTCTHGT CT CAAT G2
TTECAGTTCCAGTGECT ACFAGGT CRACAT CAAAAGATTAAFAT AL CAAGCTITTTGCT CTCTT AT T FAAGTTTC GG GTTCCT CT Gt

T ACACACTC
ACAAAGFACFAGCAACACGC AT CAAGCACCAAMFCCHAALAGGC ARAAT AT CAACTT ATT T ¢ETTAT AT ATTTCTT G- CTT C =TT =C
T&T T H-TTT AT FAT GCAACC AAC AACCAGAGAGAT GCAT AT FCGT CAACGIT GAT ARACCAAAT CLrAAGC FAC AC AACAAGCT FAFAG

Sequence Fle upload:e

Frochézet ...

Species:a| Athdiana ES-30 Model description

Qutput Options
Email Address: (required for graphical output or sequences longer than 400000 bpjé

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

RUA Defauilt

Start Genebtdark hmm |



GeneMark

Result of last submission:

View PDF Grap hical Ouiput

GeneMarkhmm Listing
Go to: Genelarlehmm Protein TTanslations
Go to: Joh_Submission

Eukariotyc GeneMark bomn wer=sion bp 2.9 2pril 25, 2003

Sequence name: CKIL1

Jequence length: 50432 bp

GFC contant: 25_73%

Matrice= filae: .-"home.-"g'emna.ﬂt.-"eu}: gi'an.matrices.-".‘lth:.l iana haran2 . Omed
Thu Oct 1 11:09:24 2003 - -

Pradictad g:n:s.-" AN OIS

Gene Exon 3trand Exeon Exon Range= Exon Start/End

# # Type Length Frame=

1 1 + Initial 969 1025 5712 - -

1 2 + Internal 1155 1294 240 12 --
1 2 + Internal 1815 z21ns 660 12 ==
1 3 + Internal ZZE66 2693 279 11--
1 5 + Internal 22 2217 554 22 - -
1 3 + Imternal 2297 dE:d 1222 12 ==
1 7 + Terminal 1703 43:1 21z 12 --




GeneMark

Result of last submission:

View PDF Grap hical Ouiput

GeneMarkhmm Listing
Go to: Genelarlehmm Protein TTanslations
Go to: Joh_Submission

Eukariotyc GeneMark bomn wer=sion bp 2.9 2pril 25,
Sequence name: CKIL1

Jequence length: 50432 bp

GFC contant: 25_73%

Z00s

Matrice= filae: .-"home.-"g'emna.ﬂt.-" eu.'l:_ghm.m:.t:: ice=f azhal :i.ma._h:m'n?.ﬂmod

Tha Oct 1 11:09:E&3 2007

Pradictad g:n:s.-" AN OIS

rene Exon Strand Exon Exon Range=

# # Type

1 1 + Initial 969 10zs 57 1 2
1 =4 + Internal 1155 1294
1 2 + Intarnal 1518 1S
1 3 + Internal ZZE66 2693
1 5 + Internal e ] 2217
1 3 + Intarnal 2297 aEzg
1 7 + Terminal 4703 a43z1

Ezxon

Length

240
1 3.1]
279
S
1z22
21z

Start/End

Fram=

e
GG G f G G

Direct Sequence

Complementary Sequence
A

0.5

0.5

0.0

0.5

0.0

0.5

0.0
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0.0

0.5

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

» Searching for genes according to homologies with known sequences

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

. Comparison with protein databases
(http://www.ncbi.nlm.nih.gov/BLAST/, http://workbench.sdsc.edu/
(http://www.ebi.ac.uk/Wise?2/)

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)

CHCEITEC



Outline

= |dentification of Genes Ab Initio

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



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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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: i
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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 genome
corresponds with spatial expression
during development

Interspecies conservation
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Outline

= Experimental Genes ldentification

=  Constructing gene-enriched libraries using
methylation filtration technology



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



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 merBC+ strain of E. coli

selection of positive clones

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



Outline

= Experimental Genes ldentification

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



EST Libraries

Preparation of EST libraries
Isolation of mMRNA
Reverse transcription

Cloning into suitable bacterial
vector

Transformation into bacteria ggatgctaatatgggggttatacaagtgttt——

. . cctacgattatacccccaa
and isolation of DN?T‘—' J PARNSARN -
(amplification of DNA)

Sequencing  using

primers specific for

used plasmid
-
_
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Outline

= Forward and Reverse Genetics Approaches

3 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 ldentification

=  Constructing gene-enriched libraries using
methylation filtration technology

3 EST libraries

- Forward and reverse genetics



Discussion



