Entropy 2016, 18, 83; doi:10.3390/

Supplementary Materials: iDoRNA: An Interacting Domain-based Tool for Designing RNA-RNA Interaction System
Jittrawan Thaiprasit, Boonserm Kaewkamnerdpong, Dujduan Waraho-Zhmayev, 
Supapon Cheevadhanarak and Asawin Meechai
	Contents
	
	

	
	
	

	Supplementary Method: Interacting domain-based decomposition.
	2

	
	

	Supplementary Figure S1
	Example of RNA structures resulting in interacting domain-based decomposition on simple model 4 visualized by NUPACK. 
	3

	
	
	

	References
	
	4

	
	
	

	The following additional files are uploaded as Supplementary Datasets: 
	

	
	

	Supplementary Data S1 
	List of test model and their characteristics of RNA-RNA interaction models used for tool assessment (.xlsx). 
	

	
	
	

	Supplementary Data S2
	List of test model and their secondary structures of RNA-RNA interaction models used for tool assessment (.pdf).
	

	
	
	

	Supplementary Data S3
	Sets of domains obtained from interacting domain-based decomposition algorithm (.xlsx).
	

	
	
	

	Supplementary Data S4
	The best designed RNA of 44 models obtained from iDoRNA (.xlsx).
	

	
	
	

	Supplementary Data S5
	Comparison of RNA design performance between iDoRNA and the other RNA design tools (NUPACK, RNAiFold and RiboMaker) on 44 models which have different RNA sizes, secondary structures and number of interacting domain (# of ID) (.xlsx).
	




Supplementary Methods
Interacting domain-based decomposition:
To ensure that two single-stranded RNAs can fold onto itself and form a hybridized RNA structure with target shapes, we used a method called interacting domain-based decomposition [1] to break down all target structures of single-stranded RNA (R1 and R2) and hybridized RNA (HR) into domains (or RNA segment) before finding the sequence. An interacting domain (D) defines as a substructure representing either interacting or non-interacting segments. In two-state structures, for example, RNA-RNA interaction on simple model no. 4 (Supplementary Figure S1), the sharing D indicates the corresponding interaction with each other in the same D.
The concept of this method is based on the hierarchical decomposition of an RNA molecule proposed by Hofacker et al. [2] and the domain-based decomposition of multiple DNA molecules developed by Zhang D.Y. [3]. The method of interacting domain-based decomposition can be divided into 3 steps: 1) decomposition, 2) mapping and re-decomposition, and 3) grouping [1]. First, all target structures of R1, R2 and HR are decomposed into pre-domains (see dm in Supplementary Figure S1) by breaking down the target structure at the location where the change in the sequence structure is found. Second, all pre-domains of decomposed R1 and R2 are mapped on to the pre-domains of decomposed HR, and subsequently all target structures are recursively decomposed into new pre-domains.  Finally, to reduce the domain redundancy, all pre-domains on both R1, R2 and HR structures are grouped based on their complementary pairs and re-numbering the final domains into the interacting domain (see Dm in Supplementary Figure S1). Interacting domain sequences of each RNA strand obtained from this method are represented in a pattern of interacting domain. Each bracket describes domain no., complementary domain, and number of nucleotide (see text box in Supplementary Figure S1). 
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Figure S1. Example of RNA structures resulting in interacting domain-based decomposition on simple model 4 visualized by NUPACK. 
[bookmark: _GoBack]On each structure, different colors indicate different domains, number of nodes is a number of nucleotide, dm is a pre-domain n, and Dm is an interacting domain n. In the text box, two lines represent lists of domains on R1 and R2, respectively. Each bracket represents the information of each domain. Numbers are after D and comma that are domain no. (Dm) and number of nucleotides in such domain, respectively. Domains with asterisk denote the complementary to the domain represented by domains without asterisk (e.g. D3* is complementary to D3). 


References
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]1.	Thaiprasit, J.; Kaewkamnerdpong, B.; Waraho, D.; Cheevadhanarak, S.; Meechai, A. Domain-based design platform of interacting RNAs: A promising tool in synthetic biology. In Proceeding of the 7th Biomedical Engineering International Conference, Fukuoka, Japan, 26–28 November 2014; pp. 1–5.
2.	Hofacker, I.; Fontana, W.; Stadler, P.; Bonhoeffer, L.; Tacker, M.; Schuster, P. Fast folding and comparison of RNA secondary structures. Monatshefte fur Chemie 1994, 125, 167–188.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]3.	Zhang, D.Y. Towards domain-based sequence design for DNA strand displacement reactions. In Proceedings of the 16th International Conference on DNA Computing and Molecular Programming, Hong Kong, China, 14–17 June 2010; Sakakibara, Y., Mi, Y., Eds.; Springer: Berlin/Heidelberg, Germany, 2011; Lecture Notes in Computer Science, Volume 6518; pp. 162–175.
4.	Mutalik, V.K.; Qi, L.; Guimaraes, J.C.; Lucks, J.B.; Arkin, A.P. Rationally designed families of orthogonal RNA regulators of translation. Nat. Chem. Biol. 2012, 8, 447–454.
5.	Isaacs, F.J.; Dwyer, D.J.; Ding, C.; Pervouchine, D.D.; Cantor, C.R.; Collins, J.J. Engineered riboregulators enable post-transcriptional control of gene expression. Nat. Biotech. 2004, 22, 841–847.
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]6.	Cayrol, B.; Fortas, E.; Martret, C.; Cech, G.; Kloska, A.; Caulet, S.; Barbet, M.; Trepout, S.; Marco, S.; Taghbalout, A.; et al. Riboregulation of the bacterial actin-homolog mreB by DsrA small noncoding RNA. Integr. Biol. 2015, 7, 128–141.
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]7.	Geissmann, T.A.; Touati, D. Hfq, a new chaperoning role: Binding to messenger RNA determines access for small RNA regulator. EMBO J. 2004, 23, 396–405.
[bookmark: OLE_LINK82]8.	Will, W.R.; Frost, L.S. Hfq is a regulator of F-plasmid traJ and tram synthesis in Escherichia coli. J. Bacteriol. 2006, 188, 124–131.
9.	Udekwu, K.I.; Darfeuille, F.; Vogel, J.; Reimegard, J.; Holmqvist, E.; Wagner, E.G. Hfq-dependent regulation of ompA synthesis is mediated by an antisense RNA. Genes Dev. 2005, 19, 2355–2366.
10.	Majdalani, N.; Cunning, C.; Sledjeski, D.; Elliott, T.; Gottesman, S. DsrA RNA regulates translation of rpoS message by an anti-antisense mechanism, independent of its action as an antisilencer of transcription. Proc. Natl. Acad. Sci. (USA) 1998, 95, 12462–12467.
image3.png
R2: [D3* 5][D2* 5][D4,5][D5,5][D4* 5][D2,5] 3) Grouping

Interacting domai . .
;1 :tgffgﬁ)z?;géﬁmm l 2) Mapping and re-decomposition,
Ds

D4 D4*

D1 D2 D3 D2 D2

D3*
R1 R2





image1.png
R1

Target structures

R2

HR




image2.png
d1

R1

l 1) Decomposition
d4

d3*

de*
dé
ds

d7*
ds

R2 HR




