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[bookmark: _GoBack]Comparison with Experiment Manager™ v1.15.1 from Illumina:
	This software is specific to Illumina platforms and only provides a tool to verify if barcode combinations that have been input by the user are compatible with a given Illumina chemistry. Experiment Manager™ does not allow one to generate or optimise compatible combinations from an input list of barcodes.


Comparison with DNABarcodes v1.12.0 (Buschmann, 2017):
DNABarcodes has been developed to generate an input set of barcodes satisfying certain constraints such as a minimal value of barcode pairwise distances, prescribed GC content, and fixed/constrained homopolymer length. In contrast, the aim of the DNABarcodeCompatibility package is, starting from an existing input set of barcodes, to produce an optimised library of barcode combinations for use in multiplexed sequencing experiments, which 1) is filtered to satisfy a number of constraints, including the constraints implemented in DNABarcodes and the constraints pertaining to Illumina chemistry configurations (which are not implemented in DNABarcodes); and 2) is optimised in terms of barcode usage.

The barcode sets that are provided by companies do not systematically satisfy all constraints needed for an optimal demultiplexing. Integrating all the various constraints imposed on the multiplexed barcodes can be a real challenge, especially when one needs to design highly multiplexed sequencing experiments, such as in the context of spatially resolved transcriptomics. Satisfying conditions 1 and 2 above is essential to enable a demultiplexing that is both reliable and cost-effective. To this end, DNABarcodeCompatibility implements a rational approach that includes a number of features not existing in other packages:

1. Unlike in DNABarcodes, the distance filter is not applied on the input set of barcodes, but on the combinations of compatible barcodes that are produced in the first step of our algorithm (generation of compatible barcode combinations). Applying the distance constraint only within multiplexed combinations allows us to generate a much larger set of combinations, thereby increasing the chance to generate a solution satisfying all constraints. 
2. As mentioned above, DNABarcodeCompatibility handles complex barcode compatibility constraints imposed by existing Illumina platforms (4 channels: HiSeq & MiSeq; 2 channels: NextSeq, MiniSeq, NovaSeq; 1 channel: iSeq).
3. DNABarcodeCompatibility uses a maximum entropy principle to optimise the barcode distribution, allowing us to balance the consumable usage and avoid waste of library preparation kits.


Comparison with CheckMyIndex v1.0.0 (Varet and Coppée, 2018):
Unlike Experiment Manager, CheckMyIndex can generate compatible combinations from an input list of barcodes. However, CheckMyIndex is specific to Illumina platforms, and it filters combinations based on only one of the multiple Illumina constraints, that is the Illumina chemistry. CheckMyIndex allows the user to visualise the minimum Hamming distance, referred to as the dissimilarity score in the manuscript by Varet and Coppée. Each individual barcode is assigned a dissimilarity score by comparison to the rest of the barcode list. However, this distance calculation is not used to automatically filter barcode combinations. In contrast, DNABarcodeCompatibility integrates additional constraints (GC content, homopolymer length, Hamming distance, SeqLev distance, Phaseshift distance) to facilitate demultiplexing and automatically applies these constraints on the results. In addition, DNABarcodeCompatibility can be used for any platform, including other than Illumina, and can filter barcode combinations using all these above-mentioned constraints.
Furthermore, CheckMyIndex and DNABarcodeCompatibility employ very different algorithms to generate a list of compatible barcode combinations. CheckMyIndex’s strategy only checks the compatibility of pairs of barcodes in the input set, and to generate combinations at multiplex levels greater than 2, it adds any other barcodes to the compatible two-barcode combination. However, in Illumina barcode sets the number of compatible barcode pairs can be very small or even void; applying the strategy just described then typically results in a strong over-representation of the barcodes that belong to compatible pairs, and in some cases it does not produce any solution. In contrast, DNABarcodeCompatibility applies the compatibility constraint at any desired multiplexing level (step 1); in addition, it performs an optimised selection of barcode combinations by a Shannon entropy maximisation approach (step 2), in order to retrieve least-redundant selections of compatible barcode combinations. This implementation allows one to produce a selection of barcode combinations that is balanced in terms of barcode usage and exists even in cases where very few (or no) compatible barcode pairs can be found. In brief, for multiplex levels higher than 2, our R program will either perform an exhaustive search among all possible combinations (see ‘step1’ section of the manuscript) if this number remains reasonably small (see simulations in Supplementary file S1), or it will proceed sequentially by picking up barcode combinations at random, and stopping when a set of Ncomp distinct compatible combinations that is large enough for entropy maximisation to be effective has been generated. 


Comparison with Barcosel (Somervuo et al., 2018):
The Barcosel software is also specific to Illumina, and in particular to the 4-channel chemistry platforms (MiSeq and HiSeq). In contrast, DNABarcodeCompatibility can handle all Illumina chemistries. Barcosel allows one to filter results based on the Hamming and the Levenshtein distances. DNABarcodeCompatibility handles the Hamming distance, as well as an improved version of the Levenshtein distance called the SeqLev distance, and the Phaseshift distance. Barcosel outputs only one solution corresponding to a single multiplex combination regardless the number of libraries to be sequenced. In contrast, DNABarcodeCompatibility takes into account the entire experiment design and outputs as many compatible barcode combinations as needed to sequence all libraries. For example, in the case of 24 libraries to be sequenced in multiplexes of 3 libraries, DNABarcodeCompatibility will output 8 compatible barcode combinations of 3 barcodes. Moreover, our Shannon entropy maximisation approach, which minimises any imbalance in barcode usage, will ensure that together, these 8 compatible barcode combinations contain each available barcode approximately the same number of times.

Differences between all these programs are summarised in the table below:

	Constraints and features
	Experiment Manager™
	Check
My
Index
	Barcosel
	DNA
Barcodes
	DNA
Barcode
Compatibility

	GC content
	✖
	✖
	✖
	✔
	✔

	Homopolymer length
	✖
	✖
	✖
	✔
	✔

	Hamming distance
	✖
	✖
	✔
	✔
	✔

	SeqLev distance
	✖
	✖
	✖
	✔
	✔

	Phaseshift distance
	✖
	✖
	✖
	✔
	✔

	Illumina 4-ch chemistry
	✔
	✔
	✔
	✖
	✔

	Illumina 2-ch chemistry
	✔
	✔
	✖
	✖
	✔

	Illumina 1-ch chemistry
	✔
	✔
	✖
	✖
	✔

	Generate combinations
	✖
	✔
	✔
	✖
	✔

	Least barcode redundancy
	✖
	✖
	✖
	✖
	✔

	Experiment design visualisation
	✔
	✔
	✖
	✖
	✔
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