ELECTRONIC SUPPLEMENTARY MATERIAL for Stuart, Inger & Voris
Sampling

Specimens were collected in the field in Cambodia, Thailand, and Borneo by the authors and
shortly preserved in 10% buffered formalin after fixing pieces of liver in 95% ethanol or 20%
DMSO-salt saturated storage buffer, or freezing pieces of heart, liver, and muscle in liquid
nitrogen. Specimens and tissue samples were later deposited at The Field Museum (FMNH),
Chicago, and specimens were transferred to 70% ethanol upon arrival there. Voucher specimens
and tissue samples from additional localities in Vietnam, Thailand, Peninsular Malaysia, and
Sumatra were borrowed from the holdings of the FMNH and other institutions (Table 1).

Extraction, Amplification, and Sequencing of DNA from Fresh Tissues

Total genomic DNA was extracted from fresh tissues (tissues that were preserved at the time of
collection for the purpose of genetic analysis) using PureGene Animal Tissue DNA Isolation
Protocol (Gentra Systems, Inc.). Primers for amplifying and sequencing mitochondrial DNA were
designed from amphibian sequences in GenBank (Table 2). A fragment of mitochondrial DNA
that encodes part of the cytochrome oxidase ¢ subunit Ill (COXIII) gene, the complete tRNA
glycine, the complete NADH dehydrogenase subunit 3 (ND3) gene, and part of the tRNA arginine
was amplified by PCR (the polymerase chain reaction; 94°C 45s, 49°C 30s, 72°C 1 min) for 35
cycles using the primer pair L-COXIII/Arg-HND3III. A fragment of mitochondrial DNA that
encodes part of the 16S ribosomal RNA (16S) gene was amplified by PCR (94°C 45s, 60°C 30s,
72°C 1 min) for 35 cycles using the primer pair L-16SRanalll/H-16SRanalll. An additional
fragment of mitochondrial DNA that encodes part of the tRNA methionine, the complete NADH
deydrogenase subunit 2 (ND2) gene, and part of the tRNA tryptophan was amplified from
samples of O. livida by PCR (94°C 45s, 49°C 30s, 72°C 1 min) for 35 cycles using the primer pair
Met-LND2/Trp-HND2.

PCR products were electrophoresed in a 1% low melt agarose TALE gel stained with ethidium
bromide and visualized under ultraviolet light. The bands containing DNA were excised and
agarose was digested from bands using GELase (Epicentre Technologies). PCR products were
sequenced in both directions by direct double strand cycle sequencing using Big Dye version 3
chemistry (Perkin Elmer). The amplifying primers, and in the case of ND2 a forward and reverse
internal primer, were used in the sequencing reactions. Cycle sequencing products were
precipitated with ethanol, 3 M sodium acetate, and 125 mM EDTA, and sequenced with a Prism
3100 Genetic Analyzer (ABI) or 3730 DNA Analyzer (ABI). Sequences were edited and aligned
using Sequencher v. 4.1 (Genecodes).

The aligned O. livida dataset used in the phylogenetic analyses contained 2,150 mitochondrial
DNA characters, consisting of 1,431 protein-coding, 623 rRNA, and 96 tRNA characters. The
aligned R. chalconota dataset contained 1,082 mitochondrial DNA characters, consisting of 393
protein-coding, 615 rRNA, and 74 tRNA characters. Sequences were deposited in GenBank
(accession numbers DQ650352-DQ650632).

Extraction, Amplification, and Sequencing of Historical DNA from Museum Type
Specimens

A small piece of abdominal muscle or liver was removed from a syntype female of O. chloronota
(BMNH 1947.2.28.6; collected prior to 1875) and the neotype female of O. livida (BMNH
1889.3.25.48; collected in 1887). DNA was extracted from this tissue using a protocol modified
from Kearney & Stuart (2004). Extractions were performed using UV-sterilized supplies inside a
Purifier PCR Enclosure (Labconco) in a separate room from where fresh tissues of the O. livida
group had been previously extracted and amplified. Tissues were washed three times (2 h, 2 h,
12 h) with 1.5 mL of GTE Buffer to bind excess formalin (Shedlock et al., 1997) and twice in 1 mL
dH,0, and then incubated at 56°C for 5 days in 300 uL of TNES Buffer (10 mM Trizma Base, 100



mM NaCl, 10mM EDTA, 2% SDS, 39mM DTT) with daily additions of 300 ug of proteinase-K. The
remaining extraction procedure followed the DNeasy Tissue Kit (Qiagen) protocol for animal
tissues, with these modifications: 300 uL AL Buffer and 400 pL of 100% ethanol were used rather
than 200 pL of each, two spins of 500 uL of the extraction product through the DNeasy mini
column was necessary to accommodate the larger extraction volume, a second spin was added
for 1 minute at full speed after discarding the Buffer AW2 flow-through fluid, and 75 pL of Buffer
AE was added to the DNeasy membrane rather than 100-400 pL, after which the membrane was
incubated at 65°C for 5 min before centrifuging.

Five fragments of 181-339 nucleotide basepairs (bp; after primer sequences were trimmed) of
16S were amplified by PCR (94°C 45s, 54°C 30s, 72°C 1 min) for 40 cycles using the primer pairs
L-16SRanalll/H-R20016S, L-R14016S/H-R37516S, L-R14016S/H-R48016S, L-R21516S/H-
R48016S, and L-R43016S/H-16SRanalll (Table 2). Primers were designed so that the resulting
fragments overlapped by 42-265 bp (after primer sequences were trimmed). This measure
ensured that fragments of contaminant DNA were not concatenated into chimeric sequences that
might be erroneously judged to be authentic (Olson & Hassanin, 2003). The 25 ul PCR reactions
utilized 4 pl of bovine serum albumin (BSA; New England BioLabs) to prevent PCR inhibitors, a
relatively large amount (4 ul) of DNA template to overcome low extraction yield, the high-quality
Taq polymerase AmpliTaq Gold (Roche), and extra cycles (40 total) of the PCR reaction. PCR
products were sequenced, edited, and aligned as described above.

A total of 361 bp was obtained from the O. chloronota syntype. A total of 600 bp was obtained
from the O. livida neotype, and this represented the complete fragment of 16S that was obtained
from fresh tissues (above).

Phylogenetic Analyses

Phylogenies were reconstructed using the maximum parsimony optimality criterion and mixed-
model Bayesian inference. The O. livida dataset was rooted with Amolops cf. chapaensis and O.
bacboensis, and the R. chalconota dataset was rooted with R. cubitalis and R. erythraea.

Maximum parsimony analyses were performed using PAUP* 4.0b10 (Swofford, 2002). A heuristic
search of the O. livida dataset was performed with equal weighting of nucleotide substitutions,
stepwise addition with 100 random addition replicates, and TBR branch swapping limited to 1,000
trees per replicate. The search recovered >70,000 equally most parsimonious trees (L=1966) and
strict consensus showed that these trees differed only by the arrangement of individuals within
clades. A heuristic search of the R. chalconota dataset was performed with equal weighting of
nucleotide substitutions, stepwise addition with 1000 random addition replicates, and TBR branch
swapping. The search recovered 541 equally most parsimonious trees (L=846) and strict
consensus showed that these trees differed only by the arrangement of individuals within clades.
Nodal support was evaluated with 500 nonparametric bootstrap pseudoreplications (Felsenstein,
1985) using the heuristic search option with TBR branch swapping limited to 10,000,000
rearrangements per replicate.

Mixed-model Bayesian analyses were performed using MrBayes 3.1 (Ronquist & Huelsenbeck,
2003). The datasets were separated into first codon position, second codon position, third codon
position, rRNA, and tRNA data partitions. The model of sequence evolution that best described
each of the five data partitions was inferred using the Akaike Information Criterion as
implemented in Modeltest 3.7 (Posada & Crandall, 1998). The models selected by Modeltest for
the O. livida dataset were GTR+G for the first codon position partition, GTR+I+G for the second
codon position and rRNA partitions, TIM+1+G for the third codon position partition, and TVM+G
for the tRNA partition. The models selected by Modeltest for the R. chalconota dataset were
SYM+G for the first codon position partition, TVM+I for the second codon position partition,
TrN+G for the third codon position partition, GRT+G for the rRNA partition, and HKY+G for the
tRNA partition. Some of these models are not implemented in MrBayes 3.1, and so the next more
complex model available in the program was used for those partitions. Four independent



Bayesian analyses were performed on each dataset. In each analysis, six chains were run for
10,000,000 generations using the default priors, trees were sampled every 5000 generations, and
the first 25% of trees were discarded as ‘burn-in.” A 50% majority rule consensus of the sampled
trees was constructed to calculate the posterior probabilities of the tree nodes. The O. livida and
R. chalconota analyses resulted in standard deviations of split frequencies among the four runs of
0.008995 and 0.007749, respectively. Both analyses also had relatively stationary trace plots of
clade probabilities, as viewed using AWTY (Wilgenbusch et al., 2004). These two measures
suggest that the four runs of each analysis had sufficiently converged and that topologies were
sampled in proportion to their true posterior probability distribution.
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Table 2 . Oligonucleotide primers used to amplify and sequence frog mitochondrial DNA in this
study. ‘L’ and ‘H’ refer to light and heavy strands, respectively. ‘A’ and ‘S’ refer to amplifying and
sequencing, respectively.

Primer Product Use Sequence
L-COXII ND3 A, S 5-CCGCATGATACTGACACTT-3
Arg-HND3III ND3 A, S 5-AACTGTCTTTTTTGGACTAGC-3
Met-LND2 ND2 A, S 5-CAATGTTGGTTAAAATCCTTCC-3
Trp-HND2 ND2 A, S 5-AGGCTTTGAAGGCCTTTGGTC-3
L-ND2am ND2 S 5-TTATAGCCTTCTCCTCCATCG-3
H-ND2bana ND2 S 5-CTATGATTTTTCGAAGTTGAG-3
H-ND2dhsxs ND2 S B5-ATTCATCCTAGGTGGCCGAT-3’
L-ND2hos ND2 S 5-ACTTCGGAAAATTATAGCCTTCTC-3’
H-ND2hos ND2 S 5-GAGAAATATGGCGGTTGTCAT-3
L-ND2pdd ND2 S 5-CGGAATTGGCCAAACTCAAC-3’
H-ND2pdd ND2 S 5-TTTGGGTCATGAGGTTGATA-3
L-ND2thai ND2 S 5-CAACTTCGAAAGATCATAGC-3
L-ND2xs ND2 S 5-GACTGATCTTATCGACCTGAC-3
L-16SRanalll 16S A, S 5-GAGTTATTCAAATTAGGCACAGC-3’
H-16SRanalll 16S A, S 5-CATGGGGTCTTCTCGTCTTAT-3
H-R20016S 16S A, S 5-TTCTTGTTACTAGTTCTAGCA-3
L-R14016S 16S A, S 5-AATTACTAAAACATCCACTAACCC-3
H-R37516S 16S A, S 5-TAAAATTTGCCGAGTTCCTTC-3
H-R48016S 16S A, S 5-CAAGTGATTATGCTACCTTCG-3’
L-R21516S 16S A, S 5-AGTAACAAGAACTTGCCATTC-3
L-R43016S 16S A, S 5-CTGTTTACCAAAAACATCGCCT-3
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