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Appendix S1. Data analysis with HybPiper 
We filtered raw FASTQ reads for each sample using SortMeRNA v2.1 (Kopylova et al., 2012) against 8 default ribosomal RNA (rRNA) databases (SILVA 16S bacteria, SILVA 16S archaea, SILVA 18S eukarya, SILVA 23S bacteria, SILVA 23S archaea, SILVA 28S eukarya, Rfam 5S archaea/bacteria, Rfam 5.8S eukarya) to remove potential rRNA sequences. We used Trimmomatic v0.36 (Bolger et al., 2014) to discard adapter sequences and low quality reads. We checked the quality of the trimmed reads across multiple samples using MultiQC v1.7 (Ewels et al., 2016). Finally, we ran HybPiper v1.2  (https://github.com/mossmatters/HybPiper/) (Johnson et al., 2016). Briefly, for each individual clean reads were mapped to the 17,879 exonic sequences using the BWA-MEM aligner v0.7.5 (Li & Durbin, 2009). Mapped reads were used to de-novo assemble contigs for each exon with SPAdes v3.13.0 (Bankevich et al., 2012). The coding sequence portion (exon) of the assembled contigs was extracted with Exonerate v2.2.0 (Slater & Birney, 2005). We used R v3.5.1 (R Core Team, 2018) to filter out putative paralogs identified with HybPiper by removing exons in which the number of mapped reads was excessively elevated, i.e., greater than the 95th percentile, compared to other exons within each individual. For phylogenomic inference, we aligned orthologous sequences with PASTA v1.8.5 (Mirarab et al., 2015). We trimmed each alignment with trimAl v1.4.rev15 (Capella-Gutiérrez et al., 2009) (option ‘-gappyout’). We refined the alignments with the ‘Alignment_Refinement.py’ script (Portik et al., 2016) using the following parameters: a) remove alignments shorter than 100 bp in length; b) trim out sequences that are missing more than 60% of the base pairs in the alignment; and c) re-trim alignments with more than 30% overall missing data. We inferred a maximum likelihood (ML) tree for each alignment (i.e., gene tree) with RAxML v8.2.11 (Stamatakis, 2014) using the GTRGAMMA model with 10 random starting trees and 100 bootstrap replicates. We combined all the gene trees using ASTRAL v5.6.3 (Mirarab et al., 2014) to infer a coalescence-based species tree with local posterior probabilities estimated to provide support for relationships.
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[image: ]Figure S1. Comparison of the sample trees recovered by the method ASTRAL using two different pipelines: (a) HybPiper and (b) HybPhyloMaker. Dashed lines indicate individuals that appear in a different position in the two trees. Individuals in red color are not clustered within their putative species name.


Figure S2. Phylogenetic relationships of Oreobates using the 3,810 frame-corrected exons obtained with the HybPhyloMaker pipeline and three different sample tree methods: (a) ASTRID; (b) MRL; and (c) SVDquartets.
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Figure S2 (continued)
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Figure S2 (continued)
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Figure S3. Comparison of sample trees derived from frame-corrected and frame-uncorrected alignments obtained with the HybPhyloMaker pipeline and five methods: (a) ASTRAL frame-corrected, (b) ASTRAL frame-uncorrected; (c) ASTRID frame-corrected, (d) ASTRID frame-uncorrected; (e) ML concatenated frame-corrected, (f) ML concatenated frame-uncorrected; (g) MRL frame-corrected, (h) MRL frame-uncorrected; and (i) SVDq frame-corrected, (j) SVDq frame-uncorrected. Dashed lines indicate individuals that appear on a different position in the two trees. Branches colored in red show a different clustering pattern between the two trees. 
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Figure S3 (continued)
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Figure S3 (continued)
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Figure S4. Heatmap showing the distribution of pairwise genetic distances (uncorrected p-distance) among the species of Oreobates and two outgroups.
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Figure S5. Population structure using the programs sNMF (K = 3) and STRUCTURE (from K = 2 to K = 3) of three different species pairs: O. quixensis and O. saxatilis; O. machiguenga and O. lehri; O. barituensis and O. discoidalis.

sNMF (K = 3)
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STRUCTURE (K = 2)
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STRUCTURE (K = 3)
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Figure S6. Values of the sNMF’s cross-entropy criterion to determine the optimal K (number of ancestral populations) on three different species pairs: O. quixensis and O. saxatilis; O. machiguenga and O. lehri; O. barituensis and O. discoidalis.
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Figure S7. Gene concordance factors (gCF) and gene internode certainty (gIC) values plotted against branch lengths inferred from the concatenated maximum likelihood species tree and its gene trees. Low gCF and gIC values derive mostly from short branches, suggesting the presence of incomplete lineage sorting.
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