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Design objectives for novel ncRNAs

- Combine functional components
— Gain novel functionality
- Respect biological target system
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Design methods

- Experimental selection/screening:
— Desired functionality (experimental assay)
- Selection/screening method
- Candidate characterization
- Computational de novo design:
— Desired functionality (in silico model)
- Sampling/optimization method
- Functional testing and characterization
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Rational de novo design

1)Design objective:
- Functionality of components (aptamer, terminator,...)
- Novel overall functionality
- Respect the biological target system
2) Sequence generation:
- Constraint sampling
- Weighted sampling
3) Optimization method
4)In silico filtering and characterization
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Single-state RNA devices

— Design objectives purely based on structure

- Positive design
— Target structure must be thermodynamically stable
- Negative design
— Contrary structures must be less stable and thus less
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Single-state objectives

- MFE defect

- Probabillity defect

- Element probabillity defect

- Enforced element probability defect
- Ensemble defect
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MFE defect
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Probability defect
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Element probability defect
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Enforced element probability defect
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Ensemble defect
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Example solution Landscapes
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MFE defect
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Probability defect
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Element probability defect
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Enforced element probability defect
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Ensemble defect
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Optimization methods

- Gradient walk

— Accept first better solution
- Gradient descent

— Accept best neighbouring solution
- Simulated annealing

- Accept also worse solution with decreasing probability
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Comparison optimization methods

Gradient walk (N=~200) Gradient descent (N=~1500) Simulated annealing (N=~200)
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Comparison optimization methods
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Multi-state RNA devices

- Conditional states due to trigger:
- Temperature
- Ligand binding
- RNA-RNA interaction

- Simultaneous states
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Conditional states: RNaseP riboswitch

f(x) = f(x, condition;) - f(x, conditions)

aptamer

no theophylline + theophylline ©
RNaseP

leader- st em ‘
processing
X 5'
leader

tRNA tRNA
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Simultaneous states: Ligand dependent switch

P A —
-7 -~
Ko
5' 3 5' 3
alternative binding competent ligand bound
conformation (ac) conformation (bc) conformation (Ic)

f(z) = P(x|®1c) - (1 = |a — P(x|®ac)|) - (1 = [b — P(x|Pne)]|)
a+b=1
0<=a,b<=1
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Gradient walk

- S < seed seguence
- gradient_walk(s):

- V t € neighbours(s):
- 1F f(t) < f(s):
- gradient_walk(t)

- 1f we saw all neighbours(s):

- return(s)
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Gradient descent

- S < seed seguence
- gradient_descent(s):
- 1f min(f(t) V t € neighbours(s)) < f(s):
- gradient_descent(s)

- else:
- return(s)

UNIVERSITAT
LEIPZIG

27



Stefan Hammer | Slide 28

Simulated annealing

- S < seed seguence

- simulated_annealing(s, temperature):

- V t € neighbours(s):
- p <« en(-1*(f(t)-f(s))/temperature)
- r <« random([0, 1])
- 1f r <= p:
- simulated_annealing(t, temperature*0.75)

- 1f we saw all neighbours(s):
- return(s)
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Comparison optimization methods

Gradient walk
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Comparison optimization methods
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Comparison optimization methods

Gradient walk Gradient descent Simulated annealing

B gradient-descent B simulated-annealing

g g
::u.:. ;'. ! ‘__0..-.

ensemble_defect

ensemble_defect
3 s
.o .
S
A ol o ooo
LT ecem occoe o oo
o ——— eeco o . .-.- . :
we e oo o .
oo ome
oo o
®@e 000 .
e coe
. . .
.
.
mble_defect

L'q!unn!!!!--” L

[easmszaes

E

10~ 1NN NNT AN

CCCCC o (OO DD DD DD DT D D) D F
31



Comparison optimization methods

Gradient walk Gradient descent Simulated annealing
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