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Ancient Mitogenomics Uncovers the Phylogenetic Affinities of Enigmatic Glyptodonts

4]. To provide a molecular perspective on this issue, we designed sequence-capture baits using in silico reconstructed ancestral sequences and successfully assembled the complete mitochondrial genome of Doedicurus, one of the largest glyptodonts. Our phylogenetic reconstructions establish that glyptodonts are in fact deeply nested within the armadillo crown group, representing a distinct subfamily (Glyptodontinae) within family Chlamyphoridae [5]. Molecular dating suggests that glyptodonts diverged no earlier than ca. 35 million years (Myr) ago, in good agreement with their known fossil record. Our results highlight the derived nature of the glyptodont morphotype, one aspect of which is a spectacular increase in body size until their extinction at the end of the last ice age.

Although the phylogenetic unity of order Cingulata has never been seriously questioned, how its three constituent groups (armadillos, glyptodonts, and pampatheres) are related to one another has proven difficult to resolve in fine detail. Of special interest in this regard is the recent proposal that, despite numerous differences in body size and carapace structure, glyptodonts do not constitute a sister-group to armadillos, as traditionally assumed [2], but are instead nested within them [4,6]. This hypothesis is however currently based on a !

restricted set of cranio-dental characters. Here we put this proposition to test by analyzing the mitochondrial genome of a specimen of the late surviving glyptodont Doedicurus. One of the largest members of its clade, with an estimated body mass of ˜1.5 tons [7], Doedicurus exhibited numerous distinctive characters, famously including a club-shaped, armored tail adorned with spikes used, presumably, in intraspecific combat.

Using ancient DNA (aDNA) extraction techniques, we recovered endogenous DNA from a carapace fragment (MACN Pv 6744) dated to 12,015 50 14 C yrpb (radiocarbon years before present; Supplemental Information). Utilizing a recently assembled dataset encompassing all modern xenarthran species [5], we reconstructed, in silico, a set of ancestral mitogenomic sequences, which permitted in turn the synthesis of a set of target capture RNA baits. Baits constructed in this way may allow for a more specific sequence capture of phylogenetically distant ancient specimens than baits based solely on available modern sequences. This permitted the reconstruction of a nearly complete mitochondrial genome of Doedicurus at 76x coverage. Illumina reads mapping to the newly assembled Doedicurus mitogenome were 45 base pairs on average and displayed C to T damage patterns at both 3' and 5' ends, characteristic of authentic aDNA. We have ruled out the possibility of the inadvertent enrichment of nuclear copies of mitochondrial origin (NUMTs) by performing additional phylogenetic controls (Supplemental Information).

By comparing our ancient mitogenome to those of living xenarthrans (Figure 1), we were able to confidently place Doedicurus within armadillos as the sister-group of a clade composed of Chlamyphorinae (fairy armadillos) and Tolypeutinae (three-banded, nakedtailed, and giant armadillos) (Supplemental Information). This clearly contradicts the old view that glyptodonts must have diverged from other cingulates at a very early point in their phylogenetic history, on the ground that, for example, they possessed such features as a ! %! completely fused carapace lacking movable bands [START_REF] Engelmann | The evolution and ecology of armadillos, sloths, and vermilinguas[END_REF]. Our results are more compatible but still incongruent with recent morphological cladistic analyses [4,6] that position glyptodonts within a more inclusive but nevertheless paraphyletic Euphractinae.

To examine the consequences of this novel phylogenetic placement, we incorporated Doedicurus into the morphological character matrix of Billet et al. [6], but were unable to identify any exclusive synapomorphies justifying grouping of the former with Chlamyphorinae + Tolypeutinae. In our study only two characters, pertaining to the shape and position of the mandibular coronoid process, might qualify as potential synapomorphies̶but only under the assumption that both have reverted to ancestral states in three-banded armadillos. This analysis nevertheless revealed other morphological similarities between glyptodonts and fairy armadillos (Supplemental Information).

We estimate that glyptodonts diverged from Chlamyphorinae + Tolypeutinae 35 3 Myr ago, close to the Eocene/Oligocene transition (Figure 1). This molecular estimate is compatible with the age of the oldest and widely accepted glyptodont remains (Mustersan Glyptatelus osteoderms [8],). Tarsal bones from the Early Eocene locality of Itaboraí (Brazil), currently dated to more than 50 Myr [9]), have been interpreted as glyptodont, but the elements in question are better interpreted as belonging to indeterminate dasypodoids [10]. According to our results, they might belong to stem cingulates that evolved before basal divergences occurred within the armadillo crown group, an event we date to ca. 45 Myr (Figure 1). While our results are based strictly on the comparison of mitogenomes, the global congruence observed with previous nuclear-based phylogenies as well as molecular dating analyses provides convincing evidence for the proposed xenarthran evolutionary history [5].

On this evidence, glyptodonts (Glyptodontinae) comprised a distinct, Late Paleogene lineage ! &! of chlamyphorid armadillos [5]. Such a radical repositioning of glyptodonts within the armadillo crown group has major consequences for interpreting aspects of cingulate evolution. For example, the dome-shaped, tightly-fused carapace of glyptodonts has long been thought to be fundamentally different from that of armadillos and pampatheres, in which the carapace consists of articulated sections. Our results imply that the unarticulated carapace is in fact a derived feature, which in turn provides an explanation for the apparent presence of movable bands in some Miocene glyptodonts [START_REF] Engelmann | The evolution and ecology of armadillos, sloths, and vermilinguas[END_REF].

Glyptodonts were a group of ambulatory specialized herbivores that reached giant size bracketed between two extant clades of armadillos that do not share either of these characteristics. Based on our new phylogenetic framework, we performed a statistical reconstruction of ancestral body masses. According to our analysis, the mean ancestral body mass estimate of the last common ancestor of Glytodontinae + Chlamyphorinae + Tolypeutinae was a mere 6 kg (95% credibility interval: 1-19 kg), implying a spectacular increase in glyptodont body mass during the Neogene (Supplemental Information). This inference is in line with the fossil record, which indicates that glyptodonts evolved from medium-sized forms in the Miocene (e.g., Propalaehoplophorus, ˜80 kg) to become true megafauna in the Pleistocene (e.g., Glyptodon clavipes, ˜2,000 kg) before disappearing with most other South American large mammals some 10,000 years ago [7].

Supplemental Information
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Supplemental Results

Ancestral sequence reconstruction and capture specificity

Our study is based on a fragment of Doedicurus carapace that contains a small quantity of endogenous DNA (Figure S1a). Given the low percent on-target endogenous DNA in this sample, shotgun Illumina sequencing would have been cost prohibitive. Targeted enrichment, using baits designed on the basis of sequence data from modern species, has been shown to provide an efficient way of retrieving endogeneous genetic material from the DNA extracts of extinct remains [S1]. However, in cases in which the extinct taxon has uncertain phylogenetic affinities, it may be advantageous to use baits designed from ancestral sequences reconstructed in silico from a phylogenetic analysis of modern sequences. Results using these ancestrally reconstructed baits show that our procedure allows for the capture of endogenous mitochondrial reads of extinct Doedicurus with increased specificity when compared to baits designed strictly on modern species genomes (Fig. S2b). As can be seen, the percentage of baits mapping to the assembled Doedicurus mitogenome at different thresholds (allowing from 5% to 40% mismatches) was consistently higher for ancestrally designed baits than it was for baits derived from extant species alone. This is particularly evident for the more stringent mapping thresholds (5% to 20%) in which higher mapping percentages were obtained with baits designed from the ancestral xenarthran mitogenome sequence. For example, when 15% mismatches are allowed between the reads and the Doedicurus mitogenome, 61% of the baits designed from the ancestral xenarthran mitogenome mapped, versus only 6% of the baits designed from the extant Bradypus tridactylus mitogenome. Even though low specificity baits (up to 40% sequence divergence) have been shown to be relatively efficient at capturing target regions [S2], our procedure based on ancestral sequence reconstruction appears to improve the specificity of capture in the case of Doedicurus, which represents a distinct armadillo lineage without close living relatives. As specificity is important in aDNA studies in which target sequences typically represent a minority of sequence data within an extract, the method presented here could potentially prove useful for future aDNA studies.

Doedicurus mitogenome validation

In order to verify the authenticity of our reconstructed Doedicurus mitogenome, we examined all our reads for the presence of an excess of C-T and G-A transitions caused by postmortem mutations, commonly found in ancient DNA, using mapDamage 2.0 [S3]. The reads mapping to the Doedicurus assembled mitogenome exhibit substantial levels of DNA damage with up to 25% cytosine deamination on the 5' strand and 20% on the 3' strand ! "#! (Figure S1c). Such a pattern is typical of ancient DNA molecules and strongly argues in favor of the endogenous origin of the captured reads. We also analyzed our sequences in a systematic fashion to ensure that they did not represent nuclear copies of mitochondrial DNA (NUMTs). The final version of the Doedicurus mitogenome was aligned with all available xenarthran mitogenomes and the protein-coding regions were checked to confirm that no indels or stop codons originating from potential NUMTs integration in the assembly were present. To further rule out the presence of NUMTs, we cut our final alignment into thirty-one 500bp fragments and performed a variety of tests. First, we verified that all 31 Doedicurus 500bp fragments have sequence similarity with other xenarthran mitogenomes using BLASTN searches against the NCBI non-redundant (nr) database. Each fragment had its best hit to available modern xenarthran mitogenomes but without any perfect match, which rules out contaminants represented in the database. Second, we reconstructed maximum likelihood (ML) trees using RAxML [S4] under the GTRGAMMA model for each of the 31 partitions. None of the inferred maximum likelihood trees showed a spurious relationship or a particularly long or short branch for Doedicurus, which was always recovered nested within armadillos. We feel these results argue in favor of a genuine, mitochondrial genome from this specimen of an extinct taxon.

Phylogenetic results

Analyses of the mitogenomic dataset using Bayesian and ML methods implemented in both partitioned and mixture models, resulted in the same strongly supported topology (Fig. S2a,b). The statistical support for the positioning of Doedicurus within Chlamyphoridae, as a sister-group to Chlamyphorinae + Tolypeutinae, was high with the Bayesian mixture model (PPCAT = 0.97), maximal with the Bayesian mixed model based on the best fitting partitioned scheme (PPPART = 1), and more moderate with the partitioned ML model (BPPART = 69). The monophyly of Chlamyphorinae + Tolypeutinae showed similar support (PPCAT = 0.93; PPPART = 1; BPPART = 73). With the exception of one particular node within the genus Dasypus, all nodes were strongly supported and congruent with the recently published complete xenarthran mitogenomic study of Gibb et al. [S5]. This mitogenomic phylogeny of xenarthrans is fully congruent with previous studies conducted at the genus level, and using nuclear exons [S6,S7] as well as non-coding retroposon flanking sequences [S8]. The inferred molecular timescale (Fig. 2c,d) is also consistent with the ones previously obtained with nuclear data [S9]. As discussed in Gibb et al. [S5], the mitochondrial/nuclear congruence strongly argues for the adequacy of mitogenomic data for reconstructing xenarthran evolutionary history in terms of both phylogenetic relationships and divergence times.

The analysis of morphological data onto the molecular topology, via character mapping using maximum parsimony, failed to identify any unambiguous synapomorphies for the grouping of Doedicurus with the Chlamyphorinae + Tolypeutinae clade. Only two characters (Character 14, state 1, and Character 15, state 1) pertaining to the shape and position of the mandibular coronoid process could represent potential synapomorphies under the ! "$! assumption that both have reverted to ancestral states in three-banded armadillos (genus Tolypeutes). Nevertheless, some intriguing morphological resemblances between glyptodonts and chlamyphorines have been revealed by these analyses. For example, both chlamyphorines and glyptodonts are characterized by a ventral surface of the auditory region that is located well dorsal to the palate (Character 78, state 1). This derived character is also present in pampatheres, which are conventionally allied to glyptodonts based on morphological data [S10]. The dorsal shift of the auditory region may represent an important character for disentangling the origins of glyptodonts, but it is absent in tolypeutines and therefore appears inconsistent with our molecular hypothesis. In any case, such morphological resemblances, combined with our newly proposed position of glyptodonts within crown cingulates, raises the distinct possibility that morphological features relevant to armadillo systematics may have been overlooked.

Supplemental Experimental Procedures

Fossil specimen and dating

A fragment of the carapace of Doedicurus sp. (Figure S1a) was sampled from the collection of the Museo Argentino de Ciencias Naturales Bernardino Rivadavia (MACN) in Buenos Aires (Argentina). The specimen, MAC2010.18, labeled as: "MACN Pv 6744, Doedicurus, carapace" was most likely collected, although we cannot be certain, in the late 19 th century by Carlos Ameghino somewhere along the Río Salado in Buenos Aires province (Argentina).

An aliquot of freeze-dried ultrafiltered gelatin prepared from the sample was dated at 12,015 

DNA extraction and library preparation

The specimen was initially subsampled by one of the authors (R.D.E.M.) at MACN in 2010. A 100mg subsample was processed in a dedicated ancient DNA laboratory facility at the McMaster Ancient DNA Centre. Using a hammer and chisel we further reduced the carapace subsample to small particle sizes of 1-5mm. The subsample was then demineralized with 0.5M EDTA (pH 8.0) for 24h at room temperature, and the supernatant removed following centrifugation. The pellet was digested using a Tris-HCl-based proteinase K digestion solution with 0.5% sodium lauryl sarcosine (Fisher Scientific), 1% polyvinylpolypyrrolidone (PVP, Fisher scientific), 50mM dithiothreitol, 2.5mM N-phenacyl thiazolium bromide (PTB, Prime Organics), and 5mM calcium chloride (CaCl2). Proteinase digestions were performed for 24h at room temperature with agitation. Following centrifugation, the digestion supernatants were removed and pooled with the demineralization supernatants. We repeated this process three times, pooling supernatants with the original rounds. Organics were then extracted from the pooled supernatants using phenol:chloroform:isoamyl alcohol (PCI, 25:24:1), and the resulting post-centrifugation aqueous solution was again extracted ! "%! with chloroform. The final aqueous solution was concentrated using 10kDA Amicon centrifuge filters (Millipore) 14k g, with up to four washes of 0.1 TE buffer (pH 8) to provide a final desalted concentrate of 50µL.

We purified the extract with a MinElute column (QIAGEN) to 50µL EBT and converted it to a double-stranded, Illumina sequencing library according to the protocol of Meyer and Kircher [S11]. The resulting library was then double-indexed with P5 and P7 indexing primers [S12] and purified again with MinElute to 15µL EBT. It has been previously shown that a short single-locus quantitative PCR assay can be used with some accuracy to predict ontarget ancient DNA high-throughput sequencing read counts both before and after targeted enrichment [S13]. Therefore, to ensure that we had endogenous signal after library preparation, we screened our library for a 47bp portion of the xenarthran mitochondrial 16S rRNA gene using the following quantitative PCR protocol employing 1µL of the library in a total reaction volume of 10ul: 1X PCR Buffer II, 2.5 mM MgCl2, 250 µM dNTP mix, 1 mg/ml BSA, 250 nM each primer (Xen̲16S̲F2, Xen̲16S̲R2), 0.167X SYBRgreen, 0.5 U AmpliTaq Gold. The library of the extract was positive and the library of the extraction blank was clean.

Ancestral sequence reconstruction and bait design

In order to maximize the capture of potentially divergent sequences from extinct xenarthran taxa, we designed a xenarthran bait set which was composed of 100bp baits tiled every 5 bases across a representative sample of living xenarthran mitochondrial genome sequences [S12] as well as 13 ancestrally inferred mitochondrial genomes including the ancestral xenarthran mitogenome. Ancestral sequences were inferred for each node of the modern xenarthran tree under a single GTR+G model using the program baseml of the PAML 4 package [S14]. The variable tandem repeat section (VNTR) of the D-loop was masked with 10 Ns prior to bait design, as it is too long to resolve with short read sequencing. In light of evidence that bait coverage across targets can result in coverage biases in target read coverage [S13,S15], we chose not to collapse baits of identical sequence prior to manufacture. The 5,207 final baits were then synthesized at MYcroarray (http://www.mycroarray.com/) as part of several MYbaits targeted enrichment kits.

Target enrichment and Illumina sequencing

We performed a first round of enrichment at 50 C followed by a second round at 55 C using 7.47µL indexed library for 36-38 hours, following the manufacturer's protocol. Phosphategroup end-blocked oligonucleotides matching one strand of the regions flanking the 7bp indexes of the library adapters were included. We used 25ng of baits per reaction, which is what we have found to be sufficient for very sensitive capture of a small target region [S13].

Following hybridization, the reaction was cleaned according to the suggested protocol except that we used 200µL rather than 500µL volumes of wash buffers for each wash step, to accommodate a 96-well plate-format. Hot washes were performed at 50/55 C. The enriched ! "&! library was eluted and then purified with MinElute to 15µL EBT, which we then re-amplified according to the protocol above and again purified this time to 10µL EBT.

The enriched library was pooled and sequencing was performed on the Illumina HiSeq system using the TruSeq Rapid (v1) chemistry with initial hybridization on the cBot. Each lane included a 1% spike-in of Illumina's PhiX v3 control library. Paired-end reads of either 111 or 85 bp were performed, along with dual 7 bp indexing on both runs. Raw data were processed with either HCS v2.0.10.0 or v2.0.12.0 and RTA v1.17.21.3. File conversion and demultiplexing using each 7bp reverse index (requiring a 100% match) was performed with the Illumina CASAVA software version 1.8.2.

Mitogenome assembly and annotation

Raw sequence reads were first trimmed to remove adapter and index tag sequences using CutAdapt [S16]. Duplicate paired reads were removed using FastUniq [S17] and the remaining reads were imported into Geneious R9 [S18]. Any potential human contamination was removed by mapping the reads to the human mitogenome using the ʻlow sensitivity' setting in Geneious, and any reads that mapped with a high similarity were discarded. The remaining trimmed reads were then mapped to the Euphractus sexcinctus reference mitogenome (Accession Number NC̲028571) using the ʻmedium sensitivity' setting in Geneious. Iterative mapping to successive "hybrid" consensus genomes was repeated until no more reads were included. Any remaining regions that lacked any coverage were filled in with question marks (?) in order to create a draft mitogenome. Iterative mapping to successive draft genomes was repeated until there were no further improvements in extending coverage into the gap regions.

The completed draft mitogenome assembly was scanned by eye to check for the inclusion of any conflicting reads. These were examined using BLAST and any obvious contaminant reads were removed. To estimate the depth of coverage, the trimmed reads were merged using FLASH [S19] and re-mapped to the draft mitogenome. The mapping of 26,307 reads of mean length 45 bp led to a 76x coverage. For the final consensus mitogenome, all regions with less than 3x coverage were excluded, and the consensus called using 75% read agreement. The completed genome was aligned to the E. sexcinctus 

Mitogenomic dataset construction

We selected 31 representative living xenarthran species from the complete mitochondrial genome data set assembled by Gibb et al. [S5] for modern species together with three afrotherian outgroup taxa. We then added Doedicurus sequences (excluding the control region) and aligned each gene data set individually using MAFFT G-INSI [S20] within Geneious for the 22 tRNA and the two rRNA genes, and using the amino acid translation for ! "'! the 13 protein-coding genes. Selection of unambiguously aligned sites was performed on each individual data set with Gblocks [S21] using default relaxed settings and the codon option for protein-coding genes. The final concatenation contained 15,214 unambiguously aligned nucleotide sites for 35 taxa.

Molecular phylogenetics and dating analyses

The best-fitting partition schemes and associated optimal models of sequence evolution were determined using PartitionFinder v1.1.1 [S22] for subsequent use in phylogenetic analyses.

The greedy algorithm was used starting from 41 a priori defined partitions corresponding to the three codon positions of the 13 protein-coding genes (3 x 13 = 39 partitions), the two rRNAs [START_REF] Fernicola | The fossil mammals collected by Charles Darwin in South America during his travels on board the HMS Beagle[END_REF], and all 24 tRNAs (1). Branch lengths have been unlinked among partitions and the Bayesian Information Criterion (BIC) was used for selecting the best-fitting partition scheme. The best partitioning scheme consisted of three separate GTR+I+G models for the following partitions: 1) ATP6̲p1, ATP8̲p1, ATP8̲p2, ATP8̲p3, CYTB̲p1, ND1̲p1, ND2̲p1, ND3̲p1, ND4L̲p1, ND4̲p1, ND5̲p1, ND6̲p2, ND6̲p3, rRNAs, tRNAs; 2) ATP6̲p2, COX1̲p1, COX1̲p2, COX2̲p1, COX2̲p2, COX3̲p1, COX3̲p2, CYTB̲p2, ND1̲p2, ND2̲p2, ND3̲p2, ND4L̲p2, ND4̲p2, ND5̲p2; 3) ATP6̲p3, COX1̲p3, COX2̲p3, COX3̲p3, CYTB̲p3, ND1̲p3, ND2̲p3, ND3̲p3, ND4L̲p3, ND4̲p3, ND5̲p3, ND6̲p1. ML reconstruction was conducted with RAxML using separated GTRGAMMAI models with branches unlinked for each of the three best-fitting partitions determined by PartitionFinder.

Maximum Likelihood bootstrap values (BPPART) were computed by repeating the same ML heuristic search using 100 pseudo-replicates.

Bayesian phylogenetic inference under a mixed model was conducted using the MPI version of MrBayes 3.2.3 [S23]. Following PartitionFinder results, we used separate GTR+G8+I models for each of the three selected partitions with parameters unlinked across partitions. Two independent runs of four incrementally-heated MCMCMC starting from a random tree were performed. MCMCMC were run for 1,000,000 generations with trees and associated model parameters being sampled every 1,000 generations. The initial 250 trees in each run were discarded as burn-in samples after convergence checking. The 50% majority-rule Bayesian consensus tree and the associated posterior probabilities (PPPART) were then computed from the 1,500 combined trees sampled in the two independent runs. Bayesian phylogenetic reconstruction was also conducted under the CAT-GTR-G4 mixture model using PhyloBayes MPI 1.5a [S24]. Two independent Markov Chain Monte Carlo (MCMC) starting from a random tree were run for 50,000 cycles with trees and associated model parameters sampled every 10 cycles during 2,750,000 tree generations. The initial 500 trees (10%) sampled in each MCMC run were discarded as the burn-in after convergence checking using PhyloBayes diagnostic tools bpcomp and tracecomp. The 50% majority-rule Bayesian consensus tree and the associated posterior probabilities (PPCAT) were then computed from the remaining combined 9,000 (2 x 4,500) trees.

Molecular dating analyses were conducted using PhyloBayes 3.3f [S25] under the CAT-GTR+G mixture model and a log-normal autocorrelated relaxed clock with a birth-death prior ! "(! on divergence times combined with soft fossil calibrations. We used the same six fossil calibrations and root prior (100 Myr) as in Gibb et al. [S5]. Calculations were conducted by running two independent MCMC chains for a total 50,000 cycles sampling parameters every 10 cycles. The first 500 samples (10%) of each MCMC were excluded as the burn-in after convergence diagnostics. Posterior estimates of divergence dates were then computed from the remaining 4,500 samples of each MCMC.

Bayesian reconstruction of body mass evolution was performed with CoEvol 1.2 [S26] using the concatenation of the codons of the 12 protein-coding genes encoded on the light strand (excluding ND6). This approach allows joint reconstruction of variations in molecular evolutionary rates, divergence times, and continuous variables by modeling these parameters as a multivariate Brownian diffusion process along the branches of the phylogenetic tree while taking their covariance into account. The Bayesian chronogram was used as a fixed topology to reconstruct ancestral body mass under the dsom procedure, which allows accounting for variation in non-synonymous to synonymous substitution ratio.

Body mass values for extant xenarthrans were obtained from the PanTheria database [S27].

We used an estimated body mass of 1,468 kg for Doedicurus [S28]. CoEvol was run for 5,000 cycles sampling parameters at each step. The first 500 samples were discarded as the burnin and posterior averages were estimated on the remaining 4,500 points.

Morphological character matrix construction and analysis

In order to test if the pattern we found by the molecular analysis could be supported by the morphological data currently available, we added Doedicurus to the cranio-dental matrix of Billet et al. [S29] primarily based on the one assembled by Gaudin and Wible [S10]. All datasets are available upon request.
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  50 14 C yrpb (radiocarbon years before present) by the Keck Carbon Cycle AMS facility of the University of California Irvine (USA).

  reference mitogenome and checked to confirm there was no accidental inclusion of E. sexcinctus sequence in the final version. The final Doedicurus mitogenome was annotated by alignment with published xenarthran mitogenomes and deposited in GenBank with Accession Number XXXXXX.

Doedicurus

  was scored from the cranio-dental anatomy of specimen MACN PV 2762 (Doedicurus clavicaudatus) conserved at the Museo Argentino de Ciencias Naturales Bernardino Rivadavia in Buenos Aires (Argentina). This matrix of 125 morphological characters was reduced to 11 terminal taxa representing extant cingulate genera and Doedicurus, plus two pilosan outgroups. The previously inferred molecular scaffold was used as follows: ((Bradypus, Tamandua), (Dasypus, ((Euphractus, (Chaetophractus, Zaedyus)), (Doedicurus, (Chlamyphorus, (Priodontes, (Cabassous, Tolypeutes))))))) to retrace morphological character history using maximum parsimony in Mesquite [S30].

  

  

  

Acknowledgments

kindly provided access to the Doedicurus specimen. This work was supported by grants from the Centre National de la Recherche Scientifique (CNRS), the Scientific Council of Université Montpellier 2 (UM2), and Investissement d'Avenir grants of the Agence Nationale de la Recherche (CEBA: ANR-10-LABX-25-01) to FD, the Natural Sciences and Engineering Research Council of Canada (NSERC) and the Canada Research Chairs program to HNP. HNP thanks the McMaster Ancient DNA Centre members and D. Poinar for constructive feedback. J.-M.R. has financial interest in MYcroarray (Ann Arbor, MI, USA) who provided insolution capture baits used in this work. All other authors declare that they have no conflicts of interest. This is contribution ISEM 2015-

Supplemental References

S1. Briggs, A. W., Good, J. M., Green, R. E., Krause, J., Maricic, T., Stenzel, U., Lalueza-Fox, C., Rudan, P., Brajkovic, D., Kucan, Z., Gusic, I., Schmitz, R., Doronichev, V.B., Golovanova, L.V., de la Rasilla, M., Fortea, J., Rosas, A., Pääbo, S. (2009). Targeted