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From genes to proteins
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Gene definitions

+Definition 1910s: Gene as a distinct locus
+Definition 1940s: Gene as a blueprint for a protein
+Definition 1950s: Gene as a physical molecule
+Definition 1960s: Gene as transcribed code

Definition 1970s-1980s: Gene as open reading frame (ORF)
sequence pattern

+Definition 1990s-2000s: Annotated genomic entity,
enumerated in the databanks (current view, pre-ENCODE)

*A current computational metaphor: Genes as “subroutines” in
the genomic operating system

Gerstein M B et al. Genome Res. 2007



Gene concept problems

Table 1._Phenomena complicating the concept of the gene

Phenomenon

Description

Issue

Gone location and structure
Intronic genes

Genes with overlspping reading frames

Enhancers, sllencers

Structural variation
Mobile elements

Gene

A gene exists within an intron of
‘another (Henikoff et al. 1986

Distant regutatory elements lkllunnll) etal
2005)

jenetic element appears in new locations over
generations (McClintock 1948)
DNA

Copy-number variants

Epigenetics and chromosome structure
Epigenetic modifications, imprinting

Effect of chromatin structure

or splicing in somatic cells
results in many alternative gene
o Brodcts (et ol 1980)

sfregulatory elements may
e eteen o (oets et s 2004
Sebat et al. 2004; Tuzun et al. 2005)

Inhertd iformtion may ot be DNA-sequence
sed (1.5, Dobrovic ot o 1968); » gunes
eapreon depens on et o
paternal or maternal origin (Sager and Kitchin
1975)

Chromatin structure, which does influence gene
expresicn, ony oosey stocated wih
particular DNA sequences (Paul 1972)

Two genes in the same locus

No one-to-one correspondence between DNA
and protein sequence
DNA sequences detemining exression an be
vl apmt o cne anciter
ey do-many reisionstip between
enes and thew enhancers

A genetic element may be not constant in ts
ation

Gene struxture is not hereditary, or structure
may differ across individuals or cells/Ussues

Genetic elements may difer in thei number

Phenotype is not determined strictly by
genotype

Gene expression depends on packing of DNA.
DNA sequence is ot enough Lo predict gene
product
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ENCODE definition of gene
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Gene concept problems

Post-transcriptional events
Alternative splicing of RNA

Alternatively spliced products with altemate
reading frames

RNA trans-splicing, homotypic trans-splicing

RNA editing

Post-translatianal events
otein splicing, viral polyproteins

Protein trans-splicing

Protein modification

Prewdogenes and retrogenes
Retrogenes

Transcribed preudogenes

One transcript can gemests mAbls MRNAS,
recling I st possic podcs (gt

977, Gelnas and Raberts

Atematve reading frames of the Ieda trmor
SUpPrEssor gene encodes two unrelated
proteins (Quelle et al. 1995)

Distant DNA sequences can code for transcripts

varlous combinations (Borst 1986).

same exon sequence is repeated (Takahara et
al. 2000)
RNA s enzymatically modified (Eisen 1988)

Proten product sell-cleaves and can generate
multiple functional products (VillaKomarolt
etal. 1975)

Distinet proteins can be spiiced together in the
absence of a transspliced transcript (Handa et

1996)
e s modified to alter structure and

function of the final product (Woid 1981)

A tetrogene is formed from reverse transcription
of its parent gene’s MANA (Vanin et al. 1980)
and by insertion of the ONA product into a
genome

A peudogene is transcribed (Zheng et . 2005,
2007)

Multiple products from one genetic locus
Information in DNA not linearly related to that

protein

Two altemative splicing products of a pre-mANA
produce protein products with no sequence in
common

A protein can fesult from the combined
Information encoded in multiple transcripts

The information on the DNA s not encoded
directly into RNA sequence

Start and end shes of protein ot determined by
genetic code

Start and end sites of peotein not determined by
genetic code

The information on the DNA is not encoded
directly Into protein sequence

ANA-LO-DNA flow of information

Blochemical activity of supposediy dead
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Chromosome 19 gene map
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Computational Gene Prediction

*Where the genes are unlikely to be located? gene 1D
*How do transcription factors know where to bind a region of DNA? “IFI

search for homology in i
- . . knowm exons, CONA, and Junctions
*Where are the transcription, splicing, and translation start and stop L e l
signals? B
*What does coding region do (and non-coding regions do not) ? (mm“._l
«Can we learn from examples? |
translate
«Does this sequence look familiar? |
search protein
databases.
-
searches
|
annotate

Zvelebil & Baum, 2007



Computational Gene Prediction

DNA
5’ upstream transcription
flanking P 3" downstream
region flanking
(promoter) transcribed region region
: " _ start codon (M) stop codon —, ¥
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Computational Gene Prediction
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Spliced Alignment (Procrustes)

File Parameters Run... View Qutput

_____n|

HUMBHSD .DNA
BSBHSD.PPT
NOCCDH .PPT
Alignment for BT3BHSD.PPT
Alignnent Score=6272

Computational Gene Prediction
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Zvelebil & Baum, 2007

Spliced Alignment (Procrustes)

*New genomic sequence
«Selection of candidate exons

AUG --- GU initial exons

AG --- GU internal exons

AG --- UAA or UAG or UGA terminal exons
«Filtration (based on the codon usge statistics)
«Construction of all possible chains of candidate exons
«Finding a chain with the maximum global similarity to

the target protein

Predicted Exon Assembly
(Procrustes)




PCR Primers Prediction (GenePrimer)

1400 2100 2800 3500 4200 000

Exon 1085..1182 (98) hit using first 2 primers
Exon 1628..1676 (49) missed

Exon 1900..2001 (102) hit using first 8 primers
Exon 2110..2184 (75) missed

Exon 2516..2722 (207) hit using first 4 primers
Exon 3385..3472 (88) missed

Exon 3546..3746 (201) hit using first primer

Suboptimal Solutions for the Human Growth
Hormone Gene (GeneParser)

xgraph

e

Sequence: HUMGH: Hurman growth hrmane (hGH; samatotropinl gene,

ne Structure Prediction
cormdlete o

Measures of Prediction Accuracy
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GRAIL gene identification program
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Measures of Prediction Accuracy

Exon Level
WRONG CORRECT MISSING
EXON EXON EXON

REALITY
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number of correct exons

Sensitivity Sn= number of actual exons

number of correct exons
number of predicted exons

Specificity  Sp=



Computational Gene Prediction

1610 1762 2169 2402
| intron [

AS-1 DS-1 AS-2 DS-2
SpliceView 1573 2085 2085 -
NetGene2 1600 1763 2085 -
BDGP-NNSSP - - = =
SPL 1600 1763 2085 2401

Zvelebil & Baum, 2007
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Goals of structural genomics

*Provision of enough structural templates to
facilitate homology modeling of most proteins
«Structures of all proteins in a complete proteome
«Structural elucidation of a complete biological
pathway

«Structural elucidation of a complete disease

Phil Bourne, 2005

GeneMark Accuracy Evaluation
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Errors in genome annotation

@ High level kasgamycin resistance (ksgA)
® IRNA {adenosine-N6, N6-}-dimethyiiransferase (ksgA)

Ouzounis etal. ® Dimethyladenosine transfe [sic]

mgo10
Frasier et al
Koonin et al

® DNA primase (dnaE)
® DNA primase (fruncated version) (DnaGp)

Ouzounis efal. ® DNA primase (EC 27.7.)

mg225
Frasier ef al
Koonin et al.

©  Hypothetical protein
#®  Amino acid permease (b)

Quzounis efal. ® Histidine permease mgao2

Brenner, 1999

Sequence-structure correlations

Frasieretal. O Nodatabase maich
Koonin etal. @ (Glycerol-3-phosphate?) permease

‘Ouzounis etal. ® Mitochondrial 60S ribosemal protein L2

mg448

Frasier efal. @ Pilin repressor (pilB)

Koonin efal.  ® Putafive chaperone-like protein
Ouzounis etal. ® PilB protein

mgoss

Frasieretal  ® Hydroxymetnylglutary-CoA reductase (NADPH)

Koonin etal.  ® ATP(GTP?)-utiizing enzyme:
Quzounis etal. -~ NADH-ubiquinone oxidoredu [sic]
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Fig. 1. Correlation between structure similarity (measured by the SSAP
structure comparison algorithm, 0-100) and sequence similarity (measured
by sequence identity) for all pairs of homologous domain structures in the
CATH domain database.

Trands in Gemeties

Redfern and Orengo, 2005



Fraction of the sequence covered, %

Model structure coverage in sequence space

100

0 20 40 60 80

Target-template sequence identity, %

Number of models
per 1%,1% area

1 53 - 100
40-63
25-40

B 16-25

I 10-15

G- 10
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100
Adopted from Vitkup et al., 2001

Target selection
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a) realm of interest
b) family exclusion - impossible
c) family exclusion - known

d) prioritization
e) selection
) analysis and interpretation

S.Brenner, 2000

Structural Genomics Project

« Organize known protein sequences into
families.

« Select family representatives as targets.

« Solve the 3D structure of targets by X-ray
crystallography or NMR spectroscopy.

« Build models for other proteins by
homology to solved 3D structures.

Coverage of the Human Genome By Structure

Structural
Genomics
Targets

!
@

PDB

Ensembl
Human
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Annotation

Xie and Bourne, 2005



