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Global and local approaches in analysis of genetic
iInformation

 Vocabulary of contemporary genetics:
Exons and Introns

What we can learn from exon size distributions?
Lognormal pattern and two clases of exons

. How we can model exon size distributions
of real genomes?

 What could be the biological reason for observed
pattern of exons size distributions?

Conclusions
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Analyzing Genetic Information

In Post-Genomic Era
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Splicing in Eukaryotes
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Prokaryote VS

ﬂ/lost of DNA code is used Substantial fraction
to produce some cellular “silent” DNA regions
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Number of counts in thousands
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Number of counts in thousands

What we can learn from exon
size distributions ?
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Number of counts in thousands
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Number of counts in thousands
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Lognormal distribution

IS a consequence of Central Limit Theorem
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Kolmogoroff process (1941)
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Kolmogoroff process (1941)
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Real Genomes: Two Lognormal Peaks
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Parameters of
Two Lognormal peaks model: M location of peak maximum
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Parameters of
Two Lognormal peaks model: peak area Narrow and Wide, %
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/Summary of Observed Facts

Exon lengths distributions of studied eukaryotic
genomes can be fitted by Two Lognormal Distributions

Parameters of those two peaks follow two distinctive
patterns: changes of peak width and relative peak area
correlate with complexity of species.

This may indicate presence of two different classes of
exons with different evolutionary histories
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How we can model exon size
distributions of real genomes ?

Growth of total genome length

Duplications in genome code
Merging exons together (intron loss)

Exon loss



Parameters of Kolmogoroff Process
as model parameters for elementary “exon modification” event

If any exon of length [; has probability P to
be modified during time interval At

and
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Modeling exon size distributions in real genomes

Initial exon size distribution A mockup of a bacterial genome with 500 exons

Having 1000 bp mean exons length

2x10° -

1x10° -

Distribution density

/

1000
Log (Exon Length)




Distribution density

Modeling exon size distributions in real genomes

15 000 time steps for p=0.001
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Modeling exon size distributions in real genomes

15 000 time steps for p=0.001
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Modeling exon size distributions in real genomes
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Distribution density

Modeling exon size distributions in real genomes

50 000 time steps for p=0.001
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Distribution density

Modeling exon size distributions in real genomes
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Modeling exon size distributions in real genomes

o
N
'S
v © O
o <t O «d
o o o o
o <l 0 W —
- ~ o M [
% ~— = \%)
| -
= o8 =<
= - ZzC
= S
L L0 5
o
o
o
o
—
o ™
CAN)
e
. QY™ ©
<ASARRRRRRRNRRNN
=
KRt =]
KRR @ i 3} \ o)
Y (-
— PN @ @@ @ (@ I @I i IT; I T T]’IH S QO
o P e
o AR @ @@ @@ @ =T @ @I T @ IHX= T ;I X
. A @ @ @@= @ I= T @ @ = @ H— G Y c
o < NN R o
I r NN @ @@ =@ T = @ ;= <
o I NN NN Nl n
e NN A ..-
— I \\\Y Y —
..m e S AN l@))
I AN o
0 B NN < 3
o N
Q N
]
wn
o)
=]
S h
o
o
LO T T T T T T 1
™ ™ ™ ™ ™ 2] O
o ) o o o o
i i i i — i
X X X X X X
O Lo <t ™ N —

Ausuap uonnquisig

2.0

15

1.0

0.5

0.0



What cloud be the biological reason for two exons peaks?

Narrow peak

/.

Number of Count

Log (Exon Size)

/

_—

Wide peak



What could be the biological reason for two exons peaks?

Y

Narrow peak

Holds approximately
Constant position

Has approximately
Constant width

Has greater relative
occupation for
Complex organisms

Wide peak

Changes position

Width increases with
increasing complexity
of and organism

Has greater relative
occupation for
Simple organisms




Two ways of Gene Expression Regulation

MRNA

Alterative Splicing Untranslated

regions of mRNA




Two ways of Gene Expression Regulation
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Conclusions

Analysis of global properties of eukaryotic genomes reveals two
distinct peaks in statistical distribution of exon sizes

The observed peak could be fitted by a sum of two lognormal
distributions which may imply that they originated by two
different exon splitting pathways described in the general
frameworks of Kolmogoroff splitting process

Two observed peaks of exons could be correlated with the
phenomenon of alternative splicing and with exons contributing
into untranslated regions of mMRNA. This suggests that the
observed separation of exons in two different classes may be
originated from two different ways of protein expression
regulation.
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