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Genetics: the alphabet of life

 Letters of DNA
sequence carry the
information




Epigenetics
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(3.4x10-19 meters/bp) x (6x10° bp/genome) = ~2 meters/genome

Klug and Cummings, 1997
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(Klug & Curnmings 1997)

Radius of the nucleus is ~ 10 uM !l



Histone otamer
plus 146 base

pairs of DN&

ﬁ nm diametsr’

Klug & Cummings 1997)

[(6 x 10° bp/genome) / (195 bp/nucleosome)] = ~ 30.8 x 10° nucleosomes/genome
~5 % of nuclear volume



Nucleosome, Solenoid Model of Chromatin and Chromosome

DMA double
helix

Human DNA is 2 billion nanometer (nmj
long, and 2 nm wide. The diameter of
the cell nucleus is typically about 2,000
10 6,000 nm.
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Beads on a string, the
head being the nucleo-
some, and the string
the DMA double helix

& partially extended (left) and condensed {right)
wersion of the |eft-handed chromatin superhelix,
according to the solenoid model of Aaron Klug.
Each turn of the heli has six nucleosomes,
and contains about 1200 hase pairs. At this
stage the chromatin finer is 30 nmthick.

http://www.albany.edu/~achm110/solenoidchriomatin.html



Epigenetics: the grammar of
life
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DNA methylation can lead to silencing of gene expression

Transcription factors
RMA polymerase
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Expression Array Lessons
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Observed versus nominal
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Back to Methylation

High throughput of cours
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lots of methylation

DKO very little methylation
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MeDIP (like ChIPchip)
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Some Data

log intensity (total genomic DNA)

log intensity (total genomic DNA)
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Cuts at CCGG Cuts at CMCGG

No Methylation
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Methylation



No Methylation



Problem with HELP
Cuts at CCGG Cuts at CMCGG
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Proportion of neighboring CpG also
methylated/not methylated
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Sensitivity
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Problems for Statisticians

« Background Correction +
Normalization

« Probability Model for Segments

« Use these to from null and alternative
models... we need power!

« Use these to create bump finding
algorithms

« Adapt to high-throughput sequencing
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McRBC: One
Cuts at A"CG or G™CG

| S ¢ ?

zZvime
4

Input

No Methylation



No Methylation



No Methylation



lg
O
X
o,
e

Methylation



Methylation



Methylation



A

Before normalization

16

1 2 3 4

0

~1

B

After normalization

o,

a"

10

12

14

16



HCT116

DKO

oy - - - 1 }--- i
——— siowol =)
e — — — — el
e — — — - —
o — — ._H—H_. — — =i H ean
T o Iml i .
L - — — — —fmwn i
- — — - —
U - — I_H—H_l — H oREN
- — .ﬁ — w1 o
i —- = = I_H—H_I - = =
L - — — — —mm wnm
08101
i = = I_H—H_l = = —mmmm|
1 T 1 T T
[ 3 0 b= c—
|A Ul 20Ul
- - - - - - —
[]oWo =]
= = - = _H—u - = = —Jmmmmn e
(NIRRT [ S m - <m0
—I1810Wol d/d T3H
N - = e LT
IRRTTT  oe m - <
—d713H
L - — — — —j———— 1)
0 —— — o — | orowonomm
mm- - - - — — = —
Lo — — o mon g
C i - - -H- = — Jmmmn _:__lom_ "
UL D — =~
i = = 4 — - - = i____._____Tm_ "
T T T T T
[ 3 0] b= c—

N Ul e2usJieliq



