

http://crossmark.crossref.org/dialog/?doi=10.1186/s13059-021-02514-9&domain=pdf
http://orcid.org/0000-0002-0643-2547
mailto: lourdes@mun.ca
https://github.com/BioinformaticsLabAtMUN/PromoTech
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/







































https://doi.org/10.1186/s13059-021-02514-9
www.ace-net.ca/
www.computecanada.ca
www.computecanada.ca
https://doi.org/10.1038/s41576-020-0254-8



https://doi.org/10.1093/bib/bbaa049
https://doi.org/10.1093/bioinformatics/btaa609
https://doi.org/10.1007/s00438-018-1487-5
https://doi.org/10.1093/bioinformatics/btx579
https://doi.org/10.1186/s12918-018-0570-1
https://doi.org/10.1371/journal.pone.0171410
https://doi.org/10.1093/nar/gkr795
https://doi.org/10.1128/mSystems.00439-20
https://doi.org/10.1016/j.mib.2014.06.010
https://doi.org/10.1109/ICDAR.1995.598994
https://doi.org/10.3115/v1/D14-1179
https://doi.org/10.1093/bioinformatics/btq134
https://doi.org/10.1093/nar/gky1077
https://doi.org/10.1093/nar/gku1019

Chevez-Guardado and Pena-Castillo Genome Biology (2021) 22:318 Page 16 of 16

34.

Chevez-Guardado R, Pena-Castillo L. BioinformaticsLabAtMUN/Promotech: Promotech v1.0. Zenodo. 2021. https://
doi.org/10.5281/zenodo.4737459. https://doi.org/10.5281/zenodo.4737459.

35. Chevez-Guardado R, Pena-Castillo L. BioinformaticsLabAtMUN/PromoTech. GitHub. 2020. https://github.com/
BioinformaticsLabAtMUN/PromoTech. Accessed 29 Oct 2021.

36. Quinlan AR, Hall IM. BEDTools: a flexible suite of utilities for comparing genomic features. Bioinformatics. 2010;26(6):
841-42.

37. DiTommaso P, Chatzou M, Floden EW, Barja PP, Palumbo E, Notredame C. Nextflow enables reproducible
computational workflows. Nat Biotechnol. 2017;35(4):316-19.

38. Zhang C, Ma Y. Ensemble machine learning: methods and applications. Redmond: Springer; 2012.

39. Knight R, Huttley G, McDonald D. scikit-bio. 2014. http://scikit-bio.org/. Accessed 29 Oct 2021.

40. Pedregosa F, Varoquaux G, Gramfort A, Michel V, Thirion B, Grisel O, Blondel M, Prettenhofer P, Weiss R,
Dubourg V, et al. Scikit-learn: machine learning in python. J Mach Learn Res. 2011;12:2825-30.

41. Chollet F. keras. GitHub. 2015. https://github.com/fchollet/keras. Accessed 29 Oct 2021.

42. Baldwin S. Compute Canada: advancing computational research. In: Journal of Physics: Conference Series, vol. 341.
IOP Publishing; 2012. p.012001. https://doi.org/10.1088/1742-6596/341/1/012001.

43. Berger P, Knodler M, Forstner K, Berger M, Bertling C, Sharma CM, Vogel J, Karch H, Dobrindt U, Mellmann A. The
primary transcriptome of the Escherichia ca@lil 04: H4 pAA plasmid and novel insights into its virulence gene
expression and regulation. Sci Rep. 2016;6:35307.

44. Thomason MK, Bischler T, Eisenbart SK, Forstner K, Zhang A, Herbig A, Nieselt K, Sharma CM, Storz G. Global
transcriptional start site mapping using differential RNA sequencing reveals novel antisense RNAs in Escherichia coli
J Bacteriol. 2015;197(1):18-28.

45. Sharma CM, Hoffmann S, Darfeuille F, Reignier J, Sittka SFA, Chabas S, Reiche K, Hackermdiller J, Reinhardt R. The
primary transcriptome of the major human pathogen Helicobacter pyloKature. 2010;464(7286):250-55.

46. Yu S-H, Vogel J, U Forstner K. ANNOgesic: a Swiss army knife for the RNA-seq based annotation of bacterial/archaeal
genomes. GigaScience. 2018;7(9):096.

47. Dugar G, Herbig A, Forstner KU, Heidrich N, Reinhardt R, Nieselt K, et al. High-Resolution Transcriptome Maps
Reveal Strain-Specific Regulatory Features of Multiple Campylobacter jejuni Isolates. PLoS Genet. 2013;9(5):
€1003495. https://doi.org/10.1371/journal.pgen.1003495.

48. Rosinski-Chupin |, Sauvage E, Fouet A, Poyart C, Glaser P. Conserved and specific features of Streptococcus
pyogenesnd Streptococcus agalactiaanscriptional landscapes. BMC Genomics. 2019;20(1):236.

49, Kroger C, Dillon SC, Cameron ADS, Papenfort K, Sivasankaran SK, Hokamp K, Chao Y, Sittka A, Hébrard M,
Handler K. The transcriptional landscape and small RNAs of Salmonella enterica serovar TyphimuFitrmNatl Acad
Sci. 2012;109(20):1277-86.

50. Albrecht M, Sharma CM, Dittrich MT, Muller T, Reinhardt R, Vogel J, Rudel T. The transcriptional landscape of
Chlamydia pneumoniaesnome Biol. 2011;12(10):98.

51. Shao W, Price MN, Deutschbauer AM, Romine MF, Arkin AP. Conservation of transcription start sites within genes
across a bacterial genus. MBio. 2014;5(4):01398-14.

52. Zhukova A, Fernandes LG, Hugon P, Pappas CJ, Sismeiro O, Coppée J-Y, Becavin C, Malabat C, Eshghi A, Zhang
J-J. Genome-wide transcriptional start site mapping and sRNA identification in the pathogen Leptospira interrogans
Front Cell Infect Microbiol. 2017;7:10.

53. JeongY, Kim J-N, Kim MW, Bucca G, Cho S, Yoon YJ, Kim B-G, Roe J-H, Kim SC, Smith CP. The dynamic
transcriptional and translational landscape of the model antibiotic producer Streptomyces coelicolor A3N&)
Commun. 2016;7:11605.

54. Martini MC, Zhou'Y, Sun H, Shell SS. Defining the transcriptional and post-transcriptional landscapes of
Mycobacterium smegmaitiserobic growth and hypoxia. Front Microbiol. 2019;10:591.

55. Boutard M, Ettwiller L, Cerisy T, Alberti A, Labadie K, Salanoubat M, Schildkraut I, Tolonen AC. Global repositioning
of transcription start sites in a plant-fermenting bacterium. Nat Commun. 2016;7(1):1-9.

56.  Grull M. Transcriptomic studies of the bacterium rhodobacter capsulatus. PhD thesis: Memorial University of
Newfoundland; 2019.

57. LiaoY, Huang L, Wang B, Zhou F, Pan L. The global transcriptional landscape of Bacillus amyloliquefaciens Xk
high-throughput screening of strong promoters based on RNA-seq data. Gene. 2015;571(2):252-62.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.5281/zenodo.4737459
https://doi.org/10.5281/zenodo.4737459
https://doi.org/10.5281/zenodo.4737459
https://github.com/BioinformaticsLabAtMUN/PromoTech
https://github.com/BioinformaticsLabAtMUN/PromoTech
http://scikit-bio.org/
https://github.com/fchollet/keras
https://doi.org/10.1088/1742-6596/341/1/012001
https://doi.org/10.1371/journal.pgen.1003495

	Abstract
	Keywords

	Background
	Results and discussion
	Variety of training and validation data
	Model selection
	Model interpretation
	Genome-wide promoter prediction assessment
	Performance comparison with existing methods

	Conclusions
	Methods
	Materials
	Collecting data
	Generating positive and negative instance sets

	Machine learning models
	Model selection
	Random forest
	Recurrent neural networks
	Computer infrastructure

	Model assessment

	Supplementary InformationThe online version contains supplementary material available at https://doi.org/10.1186/s13059-021-02514-9.
	Additional file 1
	Additional file 2

	Acknowledgments
	Peer review information
	Review history
	Authors' contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher's Note

