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+ Small changes in the architecture of these Time (i
regulatory regions can lead to dramatic

Elowitz et al. (

phenotypic changes. Where?
¥ Very inspiring work by Sean Carroll and David
Kingsley. b
¥ Quantitative data demands quantitative

models!



DNA Sequence Architecture

Regulation of eveZ2in D. melanogc
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DNA packaging in eukaryotes

shortregion of /X0 /XN, 42nm
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NET RESULT: EACH DNA MOLECULE HAS BEEN PACKAGED INTO A MITOTIC
CHROMOSOME THAT IS 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH

Figure 5-24 Essential Coll Biology, 2/e. (© 2004 Garland Science)
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Figure 4-23. Molecular Biology of the Cell, 4th Edition.



This image was obtained with purified chromatin fragments from chicken erythroid, using
the cryo-AFM. It is seen that all the linker DNA is resolved directly, and the lateral
dimensions of the nucleosome are similar to those determined by electron microscopy, and
are only slightly greater than that from crystallography. The resolution her eis generally
higher than that at room temperature. This was at low salt. The orientation of the
nucleosomes appears to be random. With this purification (low salt), linker histones are
supposed to be retained.



Atomic-Level Structure o
Nucleosome
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Figure 4-25. Molecular Biology of the Cell, 4th Edition.
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DNA Physical Architecture
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Measurements of Equilibrium

Accessibility

Anderson and Widom
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Linear beam theory




Linear beam theory
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Measuring the flexural rigidity

Tracking the
equilibrium polymer

Show buckling
movie by Dogterom




Evolution of Nucleomal Position

Sequences

Table 3. Top 30 correlated dinucleotides in selected sequences

RANDOM POOL Dinucleotide pair 2 Occurrences  Mean random o &
(1 EACHOF S5 X1 012 INDWIDUALS) fa ta 10 180 16.5 6.5 20.6
ta ta 20 122 43.2 6.8 11.5
ct ot 11 131 52.9 6.9 11.4
et ag 2 152 66.6 8.1 10.5
ta ag 11 131 52.6 7.8 10.0
aa ta 9 109 16.4 6.8 9.2
ke ta 2 124 57.1 7.4 9.0
» PCRAMPLIFY ta ga 2 124 58.1 7.4 89
HPLC PURIFY ta 9 109 473 7.0 8.9
ag ta 9 114 55.1 6.8 8.6
ta ot 9 114 53.4 7.3 8.3
ta ot 19 109 50.0 7.3 5.1
aa ta 19 93 43.9 6.2 7.9
ta ge 3 124 64.6 7.5 7.9
ag et 6 124 62.3 8.5 7.3
SELECT BEST 10% ag ta 19 109 19,5 8.1 7.3
¢ ta 3 124 65.2 8.1 7.3
(DiaLysis FROM2.0 M NaCl) g ] fes 13 =1 o
ta ot 19 93 445 7.0 7.0
ta ag 1 357 252.4 15.2 6.9
ta ga 12 103 52.8 7.3 6.9
ke ta 12 103 52.1 7.3 6.9
\ tta 11 88 45.4 6.1 6.9
¢t a 12 106 60.4 6.8 6.7
2 X SUCROSE GRADIENT PURIFICATION i ag 14 114 592 82 67
ot oot 10 116 621 8.2 6.6
¢t 21 a6 19.8 7.0 6.6
cg ta 14 108 59.3 7.6 6.5
et ag 4 120 64.1 8.5 6.5
\ ¢t ag 60 84 44.4 6.2 6.4
EXTRACT DNA Random
sequence "\
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The Role of DNA Sequence

(Cloutier and Widom)
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Nucleosomes Care About Positioning

(Segal et al.)
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Viral DNA Gene Eukaryotic DI
packaging Regulation Packaging

Bustamante et al. David Good:

» Understanding tightly bent DNA goes beyond just
transcriptional regulation!



The Chromosome as a Polymer Blot




