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Statistical physics of DNA

E.g. Hybridization
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Statistical physics of DNA

E.g. Hybridization
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(Sequence dependence of) these processes for short DNA sequences

Non-trivial physics at this scale

Primers in PCR

High technological relevance: e.g. Probes in biosensors
DNA self-assembling structures
NA enrichment
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Signalling quantity
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Concentrations
Signalling quantity mutant
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Concentrations

Signalling quantity mutant  wild type
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Signalling quantity — Relative Limit of Detection (rLOD)
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Optical instrument Physical property of light
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Signalling quantity -> Relative Limit of Detection (rLOD)
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Readout instrument / Physical property of DNA
AAG = physics

Is this a hard boundary?




AAG = physics

Is this a hard boundary?

Stretching the physical boundaries
of DNA hybridization
for mutation detection



Optionl: Depletion of wild type
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Probe
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Option2:  Literally stretching the boundaries
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Free energy penalty
of mutation
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Depletion of wild type
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* Is strain always Destabilizing?
Strain 2-fold * (Can strain be optimized?
* Which strain are we talking about?

Analytical model for the strain-mismatch interaction in DNA

16:30-16:50: O22 — Thibau Mangelschots (Universiteit Hasselt) <_/ /




Optionl: Depletion of wild type
Option?2: Strain-mismatch interaction

Option3: ? Mismatch-mismatch interaction
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Probing hybridization parameters from microarray
experiments: nearest-neighbor model and beyond
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What about kinetics, out-of-equilibrium ?



What about kinetics, out-of-equilibrium ?




What about kinetics, out-of-equilibrium ?

1. Step response
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What about kinetics? LN
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What about kinetics?

e Qut-of-equilibrium
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Two-step process with reporter

reporter R
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Kinetic discrimination of mismatch
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What about kinetics, out-of-equilibrium ?

1. Step response
2. Frequency response



Frequency response

Local in equilibrium:

transition rates
obey detailed balance wrt
instantaneous equilibrium distribution.

T(t) = Teq + 6T sin(wt)




Frequency response

T(t) = Teq + 6T sin(wt)

16:50-17:10: O23 — Robbe Van Haverbeke (Universiteit Hasselt)
Characterizing biomolecular kinetics through out-of-equilibrium periodic
temperature perturbations



What about kinetics, out-of-equilibrium ?

1. Step response
2. Frequency response
3. Fundamentally out-of-equilibrium



Fundamentally out-of-equilibrium

* Including an irreversible reaction step

Kineti¢c Proofreading: A New Mechanism for Reducing Errors in
Biosynthetic Processes Requiring High Specificity

S/DNA replica'tinn a
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