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What accounts for the often massive and seemingly arbitrary
differences in genome size observed among eukaryotic organisms?

The fruit fly The mountain grasshopper
Podisma pedestris

18,000 Mb




Is an Expansion in Gene Number driving
Evolution of Higher Organisms?
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Urochordata

Arthropoda

Nematoda




From genes to proteins
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Gene splicing:
Removal of non-coding introns
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Priciples of Alternative Splicing




RNA editing
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Conseguencesioli Edime
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Mammalian substrates of
A-to-I premRNA editing

Gene codon amino acid editing [%]
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Diversity through RNA: editiing
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Diversity through RNA: editiing

GluR-6

premRNA ZN X
AUU UAC CAG unedited

Ul U C ClG

I/ Y/ /
e Q\

L VI |

Unediteds 101%%

}5%

5 %)




Even mor e diversity:

paralytic pre-mRNA

=== coNstitutive exon
alternative s+ aternative exon
splicing




Even mor e diversity:

paralytic pre-mRNA

=== cONstitutive exon

alternative s+ aternative exon
splicing editing site




Q/R-site editing of glutamate receptor
subunit GluR-B

MRNA
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Q/R-site editing of glutamate receptor
subunit GluR-B
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RNA editing enzyme deficient mice
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(Higuchi, Maas, Single, Hartner et al., 2000, Nature 406, 78-81)




RNA editing enzyme deficient mice:
Rescue by GluR-B point mutation
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Could teo much o tepiittle

RINA' editling cause aiSeas2100

alter thePregrESS CRIGINIIBIVI]

diseases?




Glioblastoma multiferme: (GBI
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Q/R site editing/in nermal human Brain
and gliemas
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(Maas et a., 2001, PNAS 98, 14687-92)




RNA editing of Ilon channel GluR-B
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MRNA
f

-UUU AUG CAG CAA GGA-
F M O Q G




RNA editing and cance

Too littleediting:

= Vialignant growih,

= Activalion of 61ncogenes/ fepress on of:
tUMor SUPPressor genes
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A-to-1 RNA editing and human diseases

» Glioblastoma GluR-B underediting due

multiforme o ADARZ defie ency
(Maas et all PNAS 2001)

% Amyotrophic Laterl GlUR-B Q/R=site’ Unde
Sclerosis (ALS) editing I meer NEUreRSs
(Kawahara et alfINaitre:2004)

» Suicidal Depression Changeiin SereLenin
[ieceplor ediitig
(Gurevichierals; INelren2002)




IH oW miany Genes airesSue)eciiie
RNAeditig iRt limeneEieiE?

=» Investigate using the complete human
genome seguence as an important tool.




The" Smoking Gun®
of A-to-I RNA editing

-TTT ATG CAG CAA GGA- genomic DNA
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| n silico evidence of RNA
editing
LUSTR/GPR107
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Athanasiadis et a., PLoS Biology 2004




Experimental validation

LUSTR/IGPR107
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Analysis off 108,723 hiuman cDNA SeqUENRCES

17, 406 contain one o moreAlu
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Athanasiadis et al., PLoS Biology 2004




Transposable elementsin the human genome

Number of Percentage of
Type copies total genome

SINES 1,558,000 13.1
Alul 1,090,000 10.6

LINEs 868,000 20.4
LINE] 516,000 16.9

LTR elements 443 000 8.3

DNA elements 294,000 2.8
mariner 14,000 0.1

Unclassified 3,000 0.1
Total of all types 44.7

Source: Data from E. 5. Lander et al. 2001. Nature 409: 860.




Alu-mediated RNA
foldback structures

Levanon et al. EMBO Rep. 2005



Experimental validation
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Tissue origin of Alus
determines editing extent
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Distance between inverted AlU pairs

20.00%

15.0000 -
-

10.00°% T

5.00% I ﬂ
670 2781 3391 4015 3695 2629 1221 466 126

F S, f’f@iif i

Distance between pairing Alu elements in bp

3
c
o
£
2
o
=
<
T
2
o

Athanasiadis et al., PLoS Biology 2004




Functions (?)

» None

» Accelerated evolution
» Alu biology

» prevent RNAI

» RNA transport, stability, translati




AAAAAALAAL

; i (b)
AAAALAAAA

(e)
™

AAAAAAAARL




Spectrum of edited human RNAS
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Summary - Conclusions

\We do know:

n Complexity Iis generaied by pProcesses el aiemaile
splicing and RNA  editing

m RNA editing regulatesithe filnchien el geresinneiia
iecoding and prenanly/ Uy GHIEITECHERISHIS

m| \We can Use genemic anaitirenseipieniic Sealienee
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