Supplementary Materials and Methods

Squamate Reptile Phylogeny
A clade recently has been identified as being comprised the following five lineages: (i) Scincoidea (Scincidae, Xantusiidae, Cordylidae), (ii) Teiioidea (Teiidae, Gymnophthalmidae), Lacertidae, and Amphisbaenia (Rhineuridae, Bipedidae, Trogonophidae, Amphisbaenidae), (iii) Iguania (Iguanidae, Agamidae, Chamaeleontidae), (iv) Anguimorpha (Varanidae, Helodermatidae, Anguidae, Shinisaurus, Xenosaurus), and (iv) Serpentes. The venomous squamates (advanced snakes and helodermatids lizards) are included in this large clade, whereas two other families of squamates (e.g., Gekkonidae, Dibamidae) are excluded. For this study, we focused on this clade and sampled five nuclear protein-coding genes, including two genes (C-mos and RAG1) used in other studies and three genes (RAG2, R35, HOXA13) not used previously to elucidate squamate phylogeny. We avoided taxa characterized by an increase rate of evolution in these genes in order to decrease the influence of long-branch attraction artifacts. Therefore, within snakes, we used henophidian representatives (Lichanura trivirgata and Liasis savuensis), which evolve more slowly than scolecophidians and caenophidians. For the same reason, within Iguania, we used iguanid representatives (Cyclura nubila, Leiocephalus barahonensis), which evolve more slowly than Acrodonta (Chamaeleonidae and Agamidae).

The following list identifies the collection number of the sample used and the locality. Collection numbers have the following prefixes: LACM (Los Angeles County Museum), MVZ (University of California Museum of Vertebrate Zoology, Berkeley), NV (Nicolas Vidal, ethanol preserved tissue collection), SBH (S. Blair Hedges, frozen tissue collection), and USNM (United States National Museum, Smithsonian, Washington, D.C.). 

Squamata: Xantusiidae: Xantusia vigilis (LACM 136813; California, San Bernadino County, Hesperia; RAG2), Xantusia henshawi (LACM 136789; California, Riverside County, 4.7 miles SE Banning; R35), Xantusia riversiana (LACM 125513; California, Ventura County, San Nicolas Island; HOXA13), Amphisbaenidae: Amphisbaena cubana (SBH 161956; Cuba, Guantánamo Bay Naval Station; RAG2, R35, HOXA13), Rhineuridae: Rhineura floridana (SBH 172913; Florida, Plant City; RAG2, R35, HOXA13), Bipedidae: Bipes biporus (MVZ 137543; Baja California Sur; RAG2, HOXA13), Bipes canaliculatus (SBH 267134; Guerrero, Mexico; R35), Trogonophidae: Trogonophis wiegmanni (MVZ 11124; North Africa; RAG2, R35, HOXA13), Lacertidae: Podarcis hispanica (SBH 266666; Morocco, Asilah; RAG2), Takydromus sexlineatus (NV, locality unknown; R35, HOXA13), Teiidae: Ameiva auberi (USNM 306540; Cuba, Guantánamo Province; RAG2, HOXA13), Iguanidae: Cyclura nubila (SBH 104677; Puerto Rico; C-mos, RAG1, RAG2, R35, HOXA13), Leiocephalus barahonensis (SBH 101427; Dominican Republic, Barahona Province, Barahona, C-mos, RAG1, RAG2, R35, HOXA13), Cordylidae: Cordylus giganteus (SBH 266055, South Africa; RAG2, R35, HOXA13), Scincidae: Eumeces inexpectatus (SBH 191579, Florida; RAG2, R35), Helodermatidae: Heloderma suspectum (SBH 194118, locality unknown; RAG2, R35, HOXA13), Anguidae: Anniella pulchra (SBH 194106, California, Santa Barbara County, Santa Maria; RAG2, R35, HOXA13), Varanidae: Varanus dumerilii (SBH 266058, locality unknown; RAG2, R35), Serpentes: Boidae: Lichanura trivirgata (NV, captive born; RAG2, R35), Pythonidae: Liasis savuensis (NV, Savu Island, Indonesia; RAG2, R35, HOXA13).


The following sequences were obtained from the public databases (Entrez): Squamata: Xantusiidae: Xantusia vigilis (RAG1: AY487366; C-mos: AF148703), Amphisbaenidae: Amphisbaena cubana (RAG1: AY487365; C-mos: AY487346), Rhineuridae: Rhineura floridana (RAG1: AY487361; C-mos: AY487347), Bipedidae: Bipes biporus (RAG1: AY487358; C-mos: AF039482), Trogonophidae: Trogonophis wiegmanni (RAG1: AY487355), Diplometopon zarudnyi (C-mos: AF148709), Lacertidae: Podarcis hispanica (RAG1: AY487363), Lacerta kulzeri (C-mos: AF148712), Teiidae: Ameiva auberi (RAG1: AY487359), Kentropyx calcarata (C-mos: AF420864), Cordylidae: Cordylus giganteus (RAG1: AY487371), Cordylus cordylus (C-mos: AF148711), Scincidae: Eumeces inexpectatus (RAG1: AY487413; HOXA13: AF083100), Eumeces skiltonianus (C-mos: AF315396), Helodermatidae: Heloderma suspectum (RAG1: AY487352; C-mos: AY487348), Anguidae: Anniella pulchra (RAG1: AY487357; C-mos: AY487350), Varanidae: Varanus dumerilii (RAG1: AY487354; HOXA13: AF083102), Varanus rosenbergi (C-mos: AY099976), Serpentes: Boidae: Lichanura trivirgata (RAG1: AY487394; C-mos: AF544687; HOXA13: AF083104); Pythonidae: Liasis savuensis (RAG1: AY487397, C-mos: AF544726).

DNA extraction was performed using the DNeasy Tissue Kit (Qiagen). Amplification was performed using the following sets of primers: G73, 5’-GCG-GTA-AAG-CAG-GTG-AAG-AAA-3’4, G74, 5’-TGA-GCA-TCC-AAA-GTC-TCC-AAT-C-3’4 for the C-mos gene; L2408, 5’-TGCACTGTGACATTGGCAA-3’1, H2920, 5’-GCCATTCATTTTYCGAA-3’1 for the RAG1 gene; L460, 5’-AAC-AAT-GAN-CTT-TCT-GAT-AA-3’ (original), L562, 5’-CCT-RAD-GCC-AGA-TAT-GGY-CAT-AC-3’ (original) and H1306, 5’-GHG-AAY-TCC-TCT-GAR-TCT-TC-3’ (original) for the RAG2 gene; L29, 5'-CTG-AAA-ATK-CAG-AAC-AAA-A-3' (original), L29B, 5' -CTG-AAA-ATG-CAG-AAC-AAA-AGT-AC-3' (original), L75, 5'-TCT-AAG-TGT-GGA-TGA-TYT-GAT-3' (original), H786, 5'-TTG-GRA-GCC-ARA-GAA-TGA-CTT-3' (original), H792, 5'-CAT-CAT-TGG-RAG-CCA-AAG-AA-3' (original), H792B, 5' -CAT-CAT-TGG-GAG-CCA-RAG-AAT-GA-3' (original) for the R35 gene; F2, 5'-ATC-GAG-CCC-ACC-GTC-ATG-TTT-CTC-TAC-GAC-3'5, F35, 5' -GTC-ATG-TTY-CTY-TAC-GAC-AAC-AG-3' (original), F54, 5' -ACA-ACA-GCY-TGG-ARG-AGA-TYA-ACA-A- 3' (original), R2, 5'-TGG-TAG-AAA-GCA-AAC-TCC-TTG-3'5, R2B, 5' -TGG-TAG-AAA-GCA-AAC-TCC-TTG-G-3' (original) for the HOXA13 gene. Both strands of the PCR products were sequenced using the BigDye sequencing kit (Applied Biosystems) in the ABI Prism 3100-Avant Genetic Analyser. The two strands obtained for each sequence were aligned using the BioEdit Sequence Alignment Editor program. The 48 new sequences have been deposited in GenBank under Accession Numbers DQ119594 to DQ119641

.

Sequence entry and alignment (16 taxa) were performed manually with the MUST2000 software. For the C-mos, RAG2, R35, and HOXA13 genes, amino acid properties were used, and ambiguous gaps were deleted (HOXA13). This resulted in 360 C-mos sites, 720 RAG2 sites, 732 R35 sites, and 408 HOXA13 sites. There were no indels for the RAG1 gene, resulting in 510 sites. Sequence alignments can be obtained by emailing Dr. Nicolas Vidal <nvidal@mnhn.fr>. In all further analyses, the few remaining gaps were treated as missing data. 

We built phylogenies using probabilistic approaches (Maximum Likelihood (ML) and Bayesian methods of inference). ML analyses were performed with PAUP*4. Bayesian analyses were performed with MrBayes 3.0b4. For both methods, an appropriate model of sequence evolution was inferred using ModelTest. As we used nuclear protein coding genes only and as separate analyses showed no significant topological incongruence, we performed combined analyses, which are considered to be our best estimates of phylogeny. For the concatenated data set (2730 sites, 1270 variable sites), the model selected is the HKY85+I+G model with a ti/tv ratio of 2.1355, a gamma parameter of 1.5458, a proportion of invariant sites of 0.3208, and base frequencies as A = 0.2677, C = 0.2472, G = 0.2316 and T = 0.2534. Bayesian analyses were run with model parameters estimated as part of the Bayesian analyses, and the best-fit model as inferred by Modeltest. ML results are presented under the form of a bootstrap majority rule consensus tree, which is considered to be a  reliable estimate of phylogeny (2000 replicates; NJ starting tree with NNI branch swapping). Bayesian analyses were performed by running 2,000,000 generations in four chains, saving the current tree every 100 generations. The last 18,000 trees were used to construct a 50% majority rule consensus tree. Scincoidea was used as the outgroup because it was shown to be the most basal lineage of the clade.

The Bayesian and ML trees obtained were identical and showed significant support for the majority of nodes (Supplementary Figure 1). In particular, a clade that includes Serpentes, Iguania, and Anguimorpha was resolved (Bayesian posterior probability: 100%; ML bootstrap value: 99%). In turn, we found that the closest relative of this clade is a clade comprising Teiioidea, Lacertidae, and Amphisbaenia.

RNA extraction

Glands were obtained from freshly euthanised specimens and immediately kept in liquid nitrogen. Total RNA was extracted from each of the freshly ground glands. Approximately 0.2g of each glands were ground in a mortar and pestle with liquid nitrogen and the extraction performed using the RNeasy kit (QIAGEN GmbH, Germany). From the total RNA obtained, the mRNA was isolated using the Oligotex mRNA kit (QIAGEN GmbH, Germany) making use of the poly-A tails of mRNAs to hybridize to oligo-dT coated polystyrene-latex particles. 

cDNA library Construction

A high quality cDNA library, with representatives of all the mRNA present in its original stoichoimetry and full length inserts unidirectionally cloned, was desired for this study. To this end, the SMART (Switching Mechanism At the 5’ end of RNA Transcript) technology of the Creator SMART cDNA Library Construction Kit (BD Biosciences, USA) was used. Using this technology, the first strand cDNA synthesis was performed using a poly-T primer containing a Sfi IB site and with the addition of a couple of poly-C overhang at the 5’ end. This ensured the elimination of any truncated mRNA transcripts during the second strand cDNA synthesis since only those with the new 5’ end overhang were viable for annealing of the poly-G primer which also contained a Sfi IA site. The cDNA generated was amplified using polymerase chain reaction (PCR), digested with Sfi I to generate sticky ends and size selected. The sticky ends generated on the cDNAs allowed for unidirectional ligation into Sfi I predigested pDNR-LIB vectors. The plasmids were then transformed into One Shot Electrocomp GeneHogs E. coli cells (Invitrogen Corporation, USA). The transformation mixture was then titered and plated on LB agar plates containing 30ug/mL of chloramphenicol at 20000 cfu/150mm plates. Any colonies growing in such conditions would have an insert since this would be required to form a complete viable circular plasmid expressing the chloramphenicol resistance gene. Up to 384 individual colonies were then picked from those confluent plates for each gland library, cultured in 5mL of LB containing 30ug/mL chloramphenicol overnight before the plasmid being extracted and having the insert sequenced. Sequencing was undertaken at the Australian Genome Research Facility, using BDTv3.1 processing and run on a AB330xl machine using the manufacturers guidelines. The sequences obtained were then screened for vector sequences and those parts removed prior to the analysis and identification of the expressed proteins.  

Toxin phylogenetic analyses

In order to minimize confusion, all proteins sequences are referred to by their Swiss-Prot accession numbers (http://www.expasy.org/cgi-bin/sprot-search-ful).  Comparative sequences were obtained through BLAST searching using representative toxin sequences (http://www.expasy.org/tools/blast/). Resultant sequence sets were aligned using the program CLUSTAL-X, followed by visual inspection for errors. Datasets were analysed using Bayesian inference implemented on MrBayes, version 3.0b4). The method uses Markov-chain Monte Carlo methods to generate posterior probabilities for each clade represented in the tree. The analysis was performed by running a minimum of 1*106 generations in four chains, and saving every 100th tree. The log-likelihood score of each saved tree was plotted against the number of generations to establish the point at which the log likelihood scores of the analysis reached their asymptote, and the posterior probabilities for clades established by constructing a majority rule consensus tree for all trees generated after the completion of the burn-in phase.  Sequence alignments can be obtained by emailing Dr. Bryan Grieg Fry <bgf@unimelb.edu.au>.

Mandibular venom collection

Crude mandibular gland secretions were collected from 1.8 - 2.0 meter specimens of Varanus varius (Lace Monitor) by gentle lateral squeezing of the glands or through stimulation with pilocarpine. Liquid was collected as it emerged from the large ducts and pooled at the base of the teeth. Secretions were obtained from varanid mandibular glands in order to study the bioactivities of the toxin forms present (secretion collected from the Eastern Bearded Dragon was not of sufficient quantity for testing while the other squamate families lack the mandibular and maxillary protein secreting glands and thus this type of secretion). Gentle lateral squeezing of the mandibular glands of Lace Monitors (N=10) provided sufficient pressure to force the stored lumen liquid into the large ducts of the mandibular gland and subsequently pool at the base of the teeth. These secretions were collected and any mucus or bacterial contaminants were removed through the use of Millex-GV 0.22 micron syringe filters. Amounts up to 10 milligrams (freeze dried weight) obtained.  Pilocarpine stimulation (N=10) of varanid mandibular glands resulted in copious secretions, with dry weights of 3-4 milligrams for the Spiny-tailed Monitor, Mitchell’s Water Monitor - 5-8 milligrams, Desert Spotted Monitor - 15-20 milligrams and 40 milligrams for the Lace Monitor.

Liquid Chromatography – Mass spectrometry

All electrospray mass spectrometry was performed on an API 150EX single quadrupole mass spectrometer (Applied Biosystems, Framingham, MA) operated in the positive ion mode. The ion spray voltage was set to 5000V. Reverse phase high performance liquid chromatography was performed using an Agilent HP1100 system (Agilent, Palo Alto, CA). Peptides and proteins were separated on a C18 column (150 x 1 mm ID; Phenomenex, Torrence, CA) using a linear gradient of increasing CH3CN containing 0.1% CF3COOH (1% per min over 80 min) at a flow rate of 50 L/min. The column was initially equilibrated with acidified purified water (0.1% CF3COOH).

 Isolated aortic rings pharmacology

Male rats were euthanised by CO2 and then decapitated. The aortae was removed, cut into rings (5 mm in length) and, where required, the endothelial cells removed by gently rubbing the intimal surface with a thin wire. The rings were then mounted (10 g resting tension) between two stainless steel hooks in 5 ml organ baths containing carbogenated (5% CO2 in O2) physiological salt solution of the following composition (mM): NaCl, 118.4; KCl, 4.7; MgSO4, 1.2; KH2PO4, 1.2; CaCl2, 2.5; NaHCO3, 25 and glucose, 11.1 and maintained at 37°C. The tissues were maximally contracted with KPSS (125 mM), and the presence/absence of endothelial cells was confirmed by precontracting the tissue with phenylephrine (0.3 µM) and then adding ACh (10 µM), with failure of the tissue to relax indicating the absence of functional endothelial cells. After washing, the tissue was contracted with U46619 to 50% of the response to KPSS. Venom (200 µg/ml) was then added and left in contact with the tissue for 15 min. Responses were measured via a Grass force displacement transducer (FTO3) and recorded on a MacLab System. 
