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Statistical physics of DNA

melting

hybridization

(Sequence dependence of) these processes for short DNA sequences
   

 Non-trivial physics at this scale

High technological relevance: 
Primers in PCR

e.g. Probes in biosensors
 DNA self-assembling structures
 NA enrichment
 …

oligo

E.g. Hybridization
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Signalling quantity  →  Relative Limit of Detection (rLOD)
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𝑑 =
0.61

𝑁𝐴
 𝜆

Picture by Gimini

Optical instrument Physical property of light
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ΔΔG = physics

Is this a hard boundary?

Stretching the physical boundaries 
of DNA hybridization 

for mutation detection



Option1: Depletion of wild type



Target



Target

+ =

Probe

“Blocker” Depleted wild type



𝑆 = log  1 +
𝑐𝑚𝑢𝑡

𝑐𝑤𝑡
 𝑒 ΤΔΔ𝐺 𝑅𝑇

𝑆 = log  1 +
𝑐𝑚𝑢𝑡

𝑐𝑤𝑡
 𝑒( ΤΔΔ𝐺+ΔΔ𝐺𝑑) 𝑅𝑇

ΔΔ𝐺 = Δ𝐺1 - Δ𝐺2 

Free energy penalty

ΔΔ𝐺𝑑 =  Δ𝐺1 - Δ𝐺2 

Depletion of wild type



𝑆 = log  1 +
𝑐𝑚𝑢𝑡

𝑐𝑤𝑡
 𝑒 ΤΔΔ𝐺 𝑅𝑇

𝑆 = log  1 +
𝑐𝑚𝑢𝑡

𝑐𝑤𝑡
 𝑒( ΤΔΔ𝐺+ΔΔ𝐺𝑑) 𝑅𝑇

Confirmed on clinical samples
+Depletion



Option2: Literally stretching the boundaries



Free energy penalty
of mutation

ΔΔ𝐺 = Δ𝐺1 - Δ𝐺2 



∆∆𝐺

Free energy penalty
of mutation

ΔΔ𝐺 = Δ𝐺1 - Δ𝐺2 



∆∆𝐺 ≠  ∆∆𝐺′

No strain Strain

Free energy penalty
of mutation

∆∆𝐺′ =  ∆∆𝐺 + ∆∆𝐺𝑠
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Depletion of wild type

Strain
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Reporter



Locked ends

Torsional strain



Flexible linker
Strain



Standard

+ Depletion

+ Strain

ΔΔ𝐺

ΔΔ𝐺 + ΔΔ𝐺𝑑

ΔΔ𝐺 + ΔΔ𝐺𝑑 + ΔΔ𝐺𝑠



Depletion 20-fold

Strain 2-fold



Strain 2-fold
• Is strain always Destabilizing?
• Can strain be optimized?
• Which strain are we talking about?



Option1: Depletion of wild type
Option2: Strain-mismatch interaction

Option3: ? Mismatch-mismatch interaction



“On average”

Clearly stabilizing

Hence:
non-favorable





Option1: Depletion of wild type
Option2: Strain-mismatch interaction
Option3: Mismatch-mismatch interaction

ΔΔG = physical property of DNA𝑟𝐿𝑂𝐷 = 𝑆𝑚𝑖𝑛 𝑒−∆∆ Τ𝐺 𝑅𝑇

This boundary can be stretched



What about kinetics, out-of-equilibrium ?
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What about kinetics, out-of-equilibrium ?

1. Step response



Targets

Probes

Time

Duplex concentration = 0 Duplex concentration > 0



What about kinetics?

•   
• Reservoir conditions



What about kinetics?

• Out-of-equilibrium



Two-step process with reporter



Low reporter binding Reporter saturation

Kinetic discrimination of mismatch



What about kinetics, out-of-equilibrium ?

1. Step response

2. Frequency response



Frequency response

kon

koff

Local in equilibrium: 

transition rates
obey detailed balance wrt
instantaneous equilibrium distribution.

𝑘𝑜𝑓𝑓

𝑘𝑜𝑛
= 𝑒−∆𝐺/𝑘𝐵𝑇

𝑇 𝑡 = 𝑇𝑒𝑞 + 𝛿𝑇 sin(𝜔𝑡)



Frequency response

𝑇 𝑡 = 𝑇𝑒𝑞 + 𝛿𝑇 sin(𝜔𝑡)



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
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Thank you!


	Slide 1: Stretching the physical boundaries  of DNA hybridization  for mutation detection
	Slide 2
	Slide 3
	Slide 4
	Slide 5: Statistical physics of DNA 
	Slide 6: Statistical physics of DNA 
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Option1: Depletion of wild type
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Option2: Literally stretching the boundaries
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39: Option1: Depletion of wild type Option2: Strain-mismatch interaction  Option3: ? Mismatch-mismatch interaction
	Slide 40
	Slide 41
	Slide 42: Option1: Depletion of wild type Option2: Strain-mismatch interaction Option3: Mismatch-mismatch interaction
	Slide 43: What about kinetics, out-of-equilibrium ?
	Slide 44: What about kinetics, out-of-equilibrium ?
	Slide 45: What about kinetics, out-of-equilibrium ?
	Slide 46
	Slide 47: What about kinetics?
	Slide 48: What about kinetics?
	Slide 49
	Slide 50
	Slide 51: What about kinetics, out-of-equilibrium ?
	Slide 52: Frequency response 
	Slide 53: Frequency response
	Slide 54: What about kinetics, out-of-equilibrium ?
	Slide 55: Fundamentally out-of-equilibrium 
	Slide 56
	Slide 57

