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Summary

Translation of messenger RNAs into proteins by the ribosome is a fundamental step in gene
expression. In bacteria, it is possible to accurately predict the rate of translation initiation
from the sequence surrounding a gene's start codon using thermodynamic models of RNA
folding and ribosome binding. These predictions have applications in a range of fields, from
systems biology studies that aim to understand and model bacterial physiology to synthetic
biology studies that seek to reprogram bacterial cells. For example, metabolic engineers can
design ribosome binding site (RBS) sequences to tune the expression of different enzymes in a
pathway and thereby optimize the production of a desired chemical compound by cells. 0STIR
(Open Source Translation Initiation Rates) is a Python package and command line tool for
predicting translation initiation rates in bacteria.

Statement of Need

Several software programs exist for predicting translation initiation rates in bacteria (Reis
& Salis, 2020), but none of these alternatives is a fully open source solution. Though the
RBS Calculator v1.0 (Salis et al., 2009, 2015; Salis, 2011) is open source (GPLv3), it
is not maintained and is only functional when using the NUPACK software suite for RNA
structure energy calculations (Zadeh et al.,, 2011). NUPACK is not open source and has
licensing restrictions. Further updates to the RBS Calculator code beyond version 1.0
(Espah Borujeni et al., 2014; Reis & Salis, 2020) are proprietary, and this software can only
be used to make predictions through a web server that requires user registration (De Novo
DNA, 2020). Thus, the RBS Calculator cannot be freely used as part of a software pipeline
or further improved by the open source community. Other software programs for predicting
translation initiation rates have similar restrictions. For example, RBSDesigner is distributed
only as an executable and uses another RNA folding software suite that requires a license (Na
& Lee, 2010).

Implementation

OSTIR is open source software (GPLv3) derived from the RBS Calculator v1.0 codebase
(Salis et al., 2009, 2015; Salis, 2011). 0OSTIR was rewritten to use the open source ViennaRNA
software suite (Lorenz et al., 2011) to perform the necessary RNA structure energy calculations
so that its entire workflow is open source. OSTIR also features several improvements in usability
and flexibility over the RBS Calculator v1.0 and related tools that include: (1) OSTIR and
its ViennaRNA dependency can be easily installed through Bioconda (Griining et al., 2018);
(2) OSTIR supports multithreading to accelerate the analysis of large sequences and genomes;
(3) OSTIR allows the user to specify the anti-Shine-Dalgarno sequence used for the ribosome
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so that predictions can be made for bacterial species other than Escherichia coli; (4) 0STIR
supports multi-FASTA and CSV input files for batch processing.
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Figure 1: Comparison of experimentally measured translation initiation rates versus predictions made
by OSTIR v1.0.0 using ViennaRNA version 2.4.18 for RNA energy calculations. Details of the

experimental data, including a description of the different sets of sequences tested, are available in
the original publication describing the RBS Calculator v1.0 (Salis et al., 2009).

Updating OSTIR to be compatible with ViennaRNA and newer RNA folding energy parameters
required refitting coefficients in the underlying thermodynamic model (Reis & Salis, 2020;
Salis et al., 2009; Salis, 2011). After making these changes, we verified that OSTIR has
similar accuracy to the original RBS Calculator v1.0 (Figure 1). OSTIR predicts translation
initiation rates for 53% of the test sequences within 2-fold of the experimentally measured
values and for 91% of these sequences the predictions are within 10-fold of the measured
values. Training data and R code for this statistical procedure are provided for users who want
to work on further improving the model. In summary, we expect that 0STIR will be useful to
researchers who want to model and engineer bacterial gene expression and incorporate these
predictions into other software packages and computational pipelines.

Acknowledgements

Development of OSTIR was supported by the National Institutes of Health (R0O1IGM088344).
We acknowledge the Texas Advanced Computing Center (TACC) at the University of Texas
at Austin for providing high performance computing resources. A. Lukasiewicz acknowledges
support from the National Science Foundation Graduate Research Fellowship Program (DGE-
1610403).

References

De Novo DNA. (2020). RBS calculator v2.1. https://salislab.net/software/

Espah Borujeni, A., Channarasappa, AS., & Salis, HM. (2014). Translation rate is controlled
by coupled trade-offs between site accessibility, selective RNA unfolding and sliding at
upstream standby sites. Nucleic Acids Research, 42(4), 2646—2659. https://doi.org/10.
1093 /nar/gkt1139

Roots et al., (2021). OSTIR: open source translation initiation rate prediction. Journal of Open Source Software, 6(64), 3362. https: 2
//doi.org/10.21105/joss.03362


https://salislab.net/software/
https://doi.org/10.1093/nar/gkt1139
https://doi.org/10.1093/nar/gkt1139
https://doi.org/10.21105/joss.03362
https://doi.org/10.21105/joss.03362

SS

The Journal of Open Source Software

Grining, B., Dale, R., Sjoédin, A., Chapman, B., Rowe, J., Tomkins-Tinch, CH., Valieris, R.,
Koster, J., & The Bioconda Team. (2018). Bioconda: sustainable and comprehensive
software distribution for the life sciences. Nature Methods, 15(7), 475-476. https://doi.
org/10.1038/s41592-018-0046-7

Lorenz, R., Bernhart, SH., Héner zu Siederdissen, C., Tafer, H., Flamm, C., Stadler, PF., &
Hofacker, IL. (2011). ViennaRNA Package 2.0. Algorithms for Molecular Biology, 6, 26.
https://doi.org/10.1186/1748-7188-6-26

Na, D., & Lee, D. (2010). RBSDesigner: software for designing synthetic ribosome binding
sites that yields a desired level of protein expression. Bioinformatics, 26(20), 2633-2634.
https://doi.org/10.1093/bioinformatics/btq458

Reis, AC., & Salis, HM. (2020). An automated model test system for systematic development
and improvement of gene expression models. ACS Synthetic Biology, 9(11), 3145-3156.
https://doi.org/10.1021/acssynbio.0c00394

Salis, HM. (2011). The ribosome binding site calculator. Methods in Enzymology, 498,
19-42. https://doi.org/10.1016/B978-0-12-385120-8.00002-4

Salis, HM., Mirsky, EA., & Voigt, CA. (2009). Automated design of synthetic ribosome
binding sites to control protein expression. Nature Biotechnology, 27(10), 946-950. https:
//doi.org/10.1038/nbt.1568

Salis, HM., Mirsky, EA., & Voigt, CA. (2015). Ribosome binding site (RBS) calculator v1.0.
https://github.com/hsalis/Ribosome-Binding-Site- Calculator-v1.0

Zadeh, JN., Steenberg, CD., Bois, J., Wolfe, BR., Pierce, MB., Khan, AR., Dirks, RM., &
Pierce, NA. (2011). NUPACK: Analysis and design of nucleic acid systems. Journal of
Computational Chemistry, 32(1), 170-173. https://doi.org/10.1002/jcc.21596

Roots et al., (2021). OSTIR: open source translation initiation rate prediction. Journal of Open Source Software, 6(64), 3362. https: 3

//doi.org/10.21105/joss.03362


https://doi.org/10.1038/s41592-018-0046-7
https://doi.org/10.1038/s41592-018-0046-7
https://doi.org/10.1186/1748-7188-6-26
https://doi.org/10.1093/bioinformatics/btq458
https://doi.org/10.1021/acssynbio.0c00394
https://doi.org/10.1016/B978-0-12-385120-8.00002-4
https://doi.org/10.1038/nbt.1568
https://doi.org/10.1038/nbt.1568
https://github.com/hsalis/Ribosome-Binding-Site-Calculator-v1.0
https://doi.org/10.1002/jcc.21596
https://doi.org/10.21105/joss.03362
https://doi.org/10.21105/joss.03362

	Summary
	Statement of Need
	Implementation
	Acknowledgements
	References

