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Combining molecular data sets with strongly heterogeneous taxon coverage enlightens the peculiar biogeographic history of Stoneflies (Insecta: Plecoptera) 

Harald Letsch1,2,*, Sabrina Simon3, Paul B. Frandsen4,5, Shanlin Liu6, Ryuichiro Machida7, Christoph Mayer8, Bernhard Misof8, Oliver Niehuis9, Xin Zhou6, Benjamin Wipfler8,*

Tree reconstruction analyses with a backbone-constraint approach

Methods
In addition to the supertree approaches, we applied a backbone-constraint approach. This method adds taxa to a given tree by initially using maximum parsimony, and then optimize the comprehensive tree including all taxa using ML by respecting the restrictions of the backbone constraint tree (Stamatakis 2006; Nguyen et al. 2015). 
For this purpose, we generated maximum likelihood (ML) trees from each of the four concatenated transcriptomic amino-acid supermatrices with IQ-TREE 1.6.12 (Fig. SFa). For each search, we selected the best scoring amino-acid substitution matrix for each gene partition with ModelFinder in IQ-TREE, including exclusively substitution matrices appropriate for nuclear markers and the protein mixture models LG4M and LG4X. The best model for each gene was selected the AICc score. Branch support was assessed from 1,000 ultrafast bootstrap replicates, with the “bnni” option, and an increased maximum number of iterations to stop (-nm 10,000). We then used the best tree from each of the four trancriptomic supermatrix analyses as a topological constraint (-g option) for a tree search on the Sanger nucleotide sequence data set in IQ-TREE (Fig. SFb). The partitioning scheme and models for the ML tree reconstruction analyses where used according to the ModelFinder results of the unconstrained analyses of the Sanger data set. For each applied constraint trees, we performed five independent tree searches.
Results
The results of the ML tree reconstruction analyses of the four transcriptome supermatrices (cf. Fig. SFa, Figs. S3) are similar to the supertree analyses of the transcriptome gene trees: Antarctoperlaria, Systellognatha, and Euholognatha are highly supported by all analyses, but the relationships among these groups and within Euholognatha vary across the four supermatrices. Inner relationships of Antarctoperlaria and Systellognatha were consistent, but within Euholognatha, the relationships among families differed strongly among the four supermatrices. Bootstrap support values for euholognathan family relationships in the supermatrix analyses were consequently low. 
The ML tree reconstruction analyses of the Sanger sequence data sets, which used the ML trees of the transcriptome supermatrices as constraints, frequently resulted in the polyphyly of different families (Fig. SFb, Supplementary trees S3). These include Capniidae with a single species Capnopsis schilleri as sister to Megaleuctridae + Taeniopterygidae, Taeniopterygidae with Taeniopteryx maura as sister to Nemouridae, as well as species of the genera Neoperla (Perlidae), Leuctra (Leuctridae) and Diploperla (Perlodidae) as sister to all remaining Plecoptera, and Yoraperla brevis (Peltoperlidae) nested within Perlodidae or Chloroperlidae. Otherwise, the topologies were similar to the unconstrained ML tree reconstruction of the Sanger sequence data set, but with Megaleuctridae frequently recovered as sister group to Taenioperygidae, but not Capniidae. Detailed results of the constrained ML tree reconstruction results of the Sanger dataset are presented in Supplementary trees S3.
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Fig. SF: Flowchart representing the backbone-constraint approach. a) Data set compilation and ML tree reconstruction results of the four transcriptomic supermatrix data sets. b) Data set compilation and ML tree reconstruction results of seven Sanger sequenced gene fragments, constrained by the four trees found in the transcriptomic supermatrix analyses. For each of the four tree constraints, we performed five independent tree searches. The depicted phylogenies represent four examples of the tree reconstruction results found in the 20 conducted ML runs.
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