Additional file 5: Detailed methodology of CAOS analysis.

Creating nexus files for CAOS barcoding
The sequences were split into two datasets for analysis in CAOS, the reference dataset (used to build the ruleset) and the query dataset (used to test the efficacy of the ruleset). For species with multiple representatives, the shortest sequence was used in the query dataset. All other sequences were used in the reference dataset. The aligned and trimmed sequence data from the reference dataset was converted from fasta format to nexus format using Seaview v4 [1]. A Neighbour-joining (NJ) tree of the reference dataset was produced in PAUP* v4.0a [2]. The nexus sequence and tree files were fused with Mesquite v2.75 [3]. It is important that the taxa in the sequence file and tree file are listed in the same order when they are fused. Therefore, a custom perl script “Sort_by_List_of_Names.pl” was used to rearrange the order of the sequences to match the order of the taxa list in the nexus tree file. All polytomies in the tree were resolved into dichotomal branches as is a requirement for CAOS. CAOS-Barcoder produces better results when early branches in the tree have equally weighted numbers of taxa within the left and right branch (personal communication, Tjard Bergmann) and as such, the tree was rerooted. The combined dataset was saved in nexus format and is hereby referred to as the CAOS nexus file. Two sections of the CAOS nexus file were further edited as CAOS would not accept the file as input without these minor changes. Within the file a second Taxa list (“Taxa2” created by Mesquite) was deleted and in the TREE section LINK Taxa = Taxa2 was replaced with LINK Taxa = Taxa.

Processing the data with CAOS barcoding
CAOS barcoding involves three processing steps, each performed by a separate program. In the first step, diagnostic characters, termed ‘character attributes’ (CA's; e.g. [4–6]) were extracted from the CAOS nexus file, using the CAOS-Analyzer [7]. The CAOS-Analyzer extracts CA's unique for each branch at each branching event in the given tree [8,9]. The Analyzer uses the tree as a guide to compare two groups of sequences. The Analyzer can only compare two groups at a time hence, why it was important that the tree was dichotomal. Starting at the root of the tree, the algorithm searches for shared CA's within the sequences of one branch and then for differences between this pool of CA's and that of the group of sequences within the neighboring branch. All CA's fulfilling both criteria are saved in a new file called ‘CAOS_attributesFile.txt’. In a second file, called ‘CAOS_groupFile.txt’ the specimens and location within the tree were saved. This process is repeated until all branching points in the tree have been processed.

In the second step, the output files of the Analyzer were converted by the CAOS-Barcoder into a character-based barcode matrix [8,9]. The Barcoder processes the list of CA's from the attributes file and the locations of the CA's from the group file into an easier to read and interpret tabular format. It also creates a character-based barcode matrix that can be applied to classify query samples with unknown origin using the CAOS-Classifier. Usually, while simple pure and private CA's are listed within the Barcoder tables only simple pure characters are extracted and described in publications [10,11]. 

In the third step, the CAOS-Classifier tested the efficacy of the character-based barcoding matrix for assigning a new query sequence to the correct reference group [8,9]. A list of test sequences (fasta format) in combination with the reference matrix and reference fasta sequences are entered into the Classifier. Here, each query sequence is aligned to the reference fasta database using the G-INS-I setting of the Mafft software [12]. Next, the reference matrix created in the Barcoder is applied to each query sequence. Each CA within the left and right branches of the reference tree are compared to the query and points are given for each match. Simple private characters (sPr’s) are worth one point while simple pure characters (sPu’s) are worth three. The Classifier repeats this process at the next branching event within the branch with the highest score. The Classifier ends its process when either; (a) a single reference sequence is left or, (b) both branches score the same amount of points. In case (a) the final reference organism is presented as the closest match. In case (b), all remaining reference sequences are directly compared with the query using a similarity based score for the full length of the sequence. In this case the reference sequence with the highest similarity score is presented as the closest match.

In this study, CAOS was only considered to have correctly identified a species if there were diagnosable differences between the sequences from that species and all others. If CAOS had to revert to distance based measures, the species was not considered to be identifiable using character-based analysis.
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