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General Requirements 

For designing and analyzing toehold switch sequences with 

Nupack, one has to navigate through the package to the destination: 

Package -> Nupack -> Nupack.ipynb. 

Nupack.ipynb is a Jupyter Notebook, which contains source code 

in python. In order for someone to run the file the following are required: 

1. Linux / Ubuntu Software 

2. Python version at least 3.6 and Python packages numpy 

and matplotlib 

3. JupyterLab 

4. Nupack Package version 4.0.0. Please visit the official 

website:  http://www.nupack.org/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General Information 

http://www.nupack.org/


 

iGEM Thessaloniki 

Software Manual on software_name_Nupack 

4 

 

Once executed, the source code creates the following files 

containing the results: 

 

File Content 

results.txt The results of Nupack Design 

toeholds.txt All the toehold sequences 

complex_toehold_trig

ger.txt 

Δg free energy of the complex 

toehold-trigger and of the rbs-

linker part of the toeholds 

concentrations.txt 
Concentrations of the toeholds, 

the triggers and the complexes 

pfunc.txt 
Results of the partition function for 

the toeholds 

sampled_structures.tx

t 
Sampled structures of the toeholds 

pairs.txt 

Probability matrices of paired 

bases for the toehold-trigger 

complexes 

mfe.txt  

Mfe energy, mfe structure in dot-

parens-plus notation and mfe 

structure as a structure matrix of 

the toeholds 

 

Notation: the design and analysis of the toehold sequences do not 

include the reporter gene. All results are included in the files listed 

above. The order follows the order of the trigger sequences of the trigger 

variable. 
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In order to design and analyze toehold sequences, please follow the 

steps below: 

Step 1: Open the file software_name_Nupack.ipynb in Jupyter 

Step 2: Fill in the input section. That would be the following 

variables: a)trigger (matrix of strings type – the trigger 

sequence(s) ), b) RBS (string type – the RBS sequence), c) 

linker (string type – the Linker sequence), d) paired (integer 

type – the number of paired bases of the sensory domain, 

set by default equal to 9) and e) unpaired (integer type – 

the number of unpaired bases of the sensory domain, set 

by default equal to 9) 

Warning: in order for the code to work with no errors, the 

length of the trigger sequence must be at least equal to 18!  

Step 3: Run all cells 

Step 4: That’s it! Now the .txt files and the plots with the results are 

created! 
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Analytical explanation of the functions: 

● nupack_design:  the toehold sequence is designed based on the 

structure described in our Software and Modeling pages, with 

Nupack’s functions. The unknown parts of the hairpin 

(NNNNNNNNNN…) are later replaced by A-U and G-C pairs. The 

function returns the variable Toehold (type: string, content: the 

toehold sequence) and generates the files results.txt and 

toeholds.txt . 

Arguments Type Content 

a_seq string 
Unpaired bases of the sensory 

domain 

b_seq string Paired bases of the sensory domain 

paired integer 
Number of paired bases of the 

sensory domain 

unpaired integer 
Number of unpaired bases of the 

sensory domain 

rbs_seq string RBS sequence 

linker_seq string Linker sequence 

 

 

 

● nupack_analysis: the behavior and structure of the toehold 

sequence is analyzed with Nupack’s functions. The function 

generates the rest of the files listed in the General Information 

section. 

Arguments Type Content 

trigger string trigger sequence 

RBS string RBS sequence 

toehold string toehold sequence 

 

 


