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a b s t r a c t 

The data provided here are related to the article “Resolving 

the Deep Phylogeny: Implications for Early Adaptive Radia- 

tion, Cryptic, and Present-day Ecological Diversity of Papuan 

Microhylid Frogs” [1] . The dataset is based on 233 tissue 

samples of the subfamily Asteroprhyinae, with representa- 

tives from all recognized genera, in addition to three out- 

group taxa. The sequence dataset contains over 2400 char- 

acters per sample for five genes: three nuclear (Seventh in 

Absentia (SIA), Brain Derived Neurotrophic Factor (BDNF), 

Sodium Calcium Exchange subunit-1 (NXC-1)), and two mi- 

tochondrial loci (Cytochrome oxidase b (CYTB), and NADH 

dehydrogenase subunit 4 (ND4)); and is 99% complete. New 

primers were designed for all loci and accession numbers 

for the raw sequence data are provided. The sequences are 
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used with geological time calibrations to produce time- 

calibrated Bayesian inference (BI) and Maximum Likelihood 

(ML) phylogenetic reconstructions using BEAST2 and IQ-TREE. 

Lifestyle data (arboreal, scansorial, terrestrial, fossorial, semi- 

aquatic) were collected from the literature and field notes 

and used to infer ancestral character states for each lin- 

eage. Collection location and elevation data were used to 

verify sites where multiple species or candidate species co- 

occur. All sequence data, alignments, and associated meta- 

data (voucher specimen number, species identification, type 

locality status, global positioning system [GPS] coordinates, 

elevation, site with species list, and lifestyle) as well as the 

code to produce all analyses and figures are provided. 

© 2023 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 

S
pecifications Table 

Subject Biological Sciences, Phylogeny and Evolution 

Specific subject area Phylogenetics and biodiversity studies of a hyperdiverse clade of frogs, anuran 

lifestyle and diversification, herpetology of the South Pacific. 

Type of data Tables 

Figures 

Supplementary Materials (code, input files, Table 1 containing metadata) 

How the data were acquired Deoxyribonucleic acid (DNA) sequences were acquired via Sanger sequencing for 

three nuclear loci: brain-derived neurotrophic factor (BDNF), sodium calcium 

exchange subunit-1 (NXC-1), and seventh in absentia (SIA); and two mitochondrial 

loci: NADH dehydrogenase-4 (ND4) and cytochrome b (CYTB). 

Primers were designed using the National Center for Biotechnology Information 

software Primer-Blast [2] and HYDEN [3] . 

Sequences were aligned with MUSCLEv3 [4] . The best evolutionary model was fit 

using PartitionFinder2 [5] . 

Phylogenetic trees were inferred with BEAST v2.6.0 [6] and IQ-TREE2 [7] . 

Ancestral character state reconstruction on the lifestyle data was conducted using 

the fitDiscrete in the geiger package [8] . 

Probabilities of ancestral states were simulated using the make.simmap function 

and diversification rate was modeled using the ltt function, both in phytools [9] . 

Geographic distances between collection sites was computed from gps coordinates 

with the geodist function in package geodist [10] . 

Phylogenetic plots were created using the R packages ggtree, ouch and treeio 

[ 11 , 12 , 13,19 ], and with a custom script based on modifications of ouch. All analyses 

were conducted in the R statistical computing environment unless otherwise 

mentioned [14] . 

Data format Raw 

Analyzed 

Description of data collection GPS and elevation data were collected in the field and from museum databases at 

the Bernice Pauahi Bishop Museum (Table 1 in the supplementary materials). 

Microhabitat use and lifestyle data were gathered from field notes or from the 

literature, citations are listed in Table 1 in the supplementary materials. 

DNA was extracted from liver tissue using Qiagen DNeasy blood and tissue kits or 

NEB Monarch Genomic DNA purification kits following manufacturer ̒s protocols. 

Polymerase chain reaction (PCR) protocols and primers (Table 2) are described 

below. Sanger sequencing followed standard protocols using Applied Biosystems 

BigDye terminator chemistry on an ABI 3730XL sequencer at the University of 

Hawaii at Manoa’s Advanced Studies of Genomics, Proteomics and Bioinformatics 

facility ( https://www.hawaii.edu/microbiology/asgpb/ ). 

( continued on next page ) 

http://creativecommons.org/licenses/by/4.0/
https://www.hawaii.edu/microbiology/asgpb/
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Data source location Samples were collected by us or provided through loans from throughout New 

Guinea and its satellite islands of Normanby, Fergusson, New Britain, Misima, 

Rossel, Sudest, as well as the Philippines and Sulawesi. Specific sample locations 

including GPS and elevation are provided in Table 1 in the supplementary 

materials. 

Data accessibility Data is available within this article and at the public repository at DOI: 

10.5281/zenodo.7063167 

Genbank Accession Numbers: 

MZ634561:MZ634796 (SIA) 

MZ634797:MZ635031 (BDNF) 

MZ635032:MZ635268 (NXC) 

MZ635269:MZ635501 (CYTB) 

MZ647717:MZ647945 (ND4) 

Related research 

article 

E.C. Hill, C.J. Fraser, D.F. Gao, M.J. Jarman, E.R. Henry, B. Iova, A. Allison, M.A. Butler, 

Resolving the deep phylogeny: Implications for early adaptive radiation, cryptic, 

and present-day ecological diversity of Papuan microhylid frogs. Molecular 

Phylogenetics and Evolution. 177 (2022) 107618, 10.1016/j.ympev.2022.107618 

Value of the Data 

• Molecular phylogenetic studies of the hyperdiverse Asterophryinae frogs have proved in-

sufficient for resolving the deep nodes of this radiation. The nuclear and mitochondrial

Sanger sequence data presented here for 205 species, combined with large geographic

sampling and a 99% complete sequence dataset produce a nearly completely resolved and

strongly supported phylogeny, clarifying intergeneric relationships, identifying many cryp- 

tic species complexes, and resolving many taxonomic questions. 

• The phylogenetic data is complemented by associated GPS and lifestyle data from 77 sites

across all major geological sectors of New Guinea and several satellite islands. These data

will be foundational for future studies of biogeography, spatial analyses through time, pa-

cific biodiversity, ecological diversification, community assembly, character evolution, and 

exploring the tempo and mode of evolution. 

• New primers are presented for three nuclear and five mitochondrial loci which resulted

in 99% completeness of the molecular dataset, and will be useful for sequencing other

vertebrates (nuclear loci) or anurans (mitochondrial loci). 

• The dataset includes complete species sampling in 18 multi-species communities ranging

from two to 15 species, which will be useful for exploring the impact of data complete-

ness for sequence or geographical sampling, and rigorous model fitting on resolving large

phylogenies for clades that have undergone rapid diversification. 

1. Data Description 

Asterophryinae is a hyperdiverse subfamily of microhylid frogs that has remained poorly re-

solved despite decades of phylogenetic work [reviewed in 1]. Given the ∼20 MY age of the clade

and the poor resolution of deeper nodes in previous effort s, we suspected that long-branch at-

traction was a problem preventing resolution of nodes along the backbone of the phylogeny,

and that mitochondrial loci alone were not sufficient to clarify intergeneric relationships. In ad-

dition, previous studies included only a small fraction of the clade ̒s diversity. In this study, we

present a well resolved phylogeny for 205 species (233 taxa) of Papuan Asterophyrinae using

both Bayesian inference ( Fig. 1 ) or Maximum Likelihood ( Fig. 2 ) reconstruction methods, that

importantly expands geographic sampling and tests whether widely-distributed species instead

represent cryptic diversity. These trees show well-defined genera and clarified the majority of

intergeneric relationships, and also clarified cryptic species complexes for many taxa that were

once believed to be widespread. Instead, the data reveal a mosaic of species with small geo-

graphic ranges and a tendency toward fragmentation. Geographic distance between tips in the

https://doi.org/10.5281/zenodo.7063167
https://www.ncbi.nlm.nih.gov/popset/?term=MZ634561:MZ634796
https://www.ncbi.nlm.nih.gov/popset/?term=MZ634797:MZ635031
https://www.ncbi.nlm.nih.gov/popset/?term=MZ635032:MZ635268
https://www.ncbi.nlm.nih.gov/popset/?term=MZ635269:MZ635501
https://www.ncbi.nlm.nih.gov/popset/?term=MZ647717:MZ647945
https://doi.org/10.1016/j.ympev.2022.107618
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Fig. 1. Time calibrated Bayesian inference phylogeny for 233 samples of Asterophryinae and three outgroups generated 

using BEAST2. Posterior probabilities are provided above nodes. All trees contain the same set of tips. 

t  
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w  

t  
ree can be obtained from GPS coordinates (Table 1 in the supplementary materials), and used

n analyses of geographic range evolution. 

We also show nuclear-only ( Fig. 3 ) and mitochondrial-only ( Fig. 4 ) Bayesian inference trees,

hich are highly concordant in topology, although suffering a loss of resolution in relation to

he nuclear + mitochondrial combined data tree. Therefore, the resolution of this phylogeny can
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Fig. 2. Time calibrated maximum likelihood phylogeny generated using IQTREE with bootstrap support indicated above 

nodes. 

 

 

 

only be achieved through the combination of nuclear and mitochondrial datasets ( Figs. 1–4 ). The

nuclear-only tree recovered an age estimate for the clade of 30 MY, compared to 17 MY from the

mitochondrial-only tree, and and age of 20 MY for the combined dataset, which are concordant

with other estimates. 
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Fig. 3. Nuclear-DNA-ooutgropnly time calibrated Bayesian inference phylogeny. 
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In addition, we present the specimen vouchers used in the phylogenetic analysis (Table 1

n the supplementary materials), the species identification, collection site and locality, noting

hether it was the type locality, species citation, GPS, elevation, site, geological terrane, lifestyle

ased on microhabitat use with their citations, and GenBank accession numbers by locus. 
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Fig. 4. Mitochondrial-DNA-only time calibrated Bayesian inference phylogeny. 

 

 

 

 

 

We developed new primers three nuclear (Seventh in Absentia (SIA), Brain Derived Neu-

rotrophic Factor (BDNF), Sodium Calcium Exchange subunit-1 (NXC-1)), and two mitochondrial

loci (Cytochrome oxidase b (CYTB), and NADH dehydrogenase subunit 4 (ND4)) loci ( Table 2 ).

We present the aligned dataset of 2474 base pairs (as input datasets for BEAST2 or IQ-TREE2)

that is 99% complete along with the data partitions, evolutionary models, and geological timings

used to reconstruct the phylogeny ( [1] ; Fig. 3 ; Table 3 ). 
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Table 2 

Primer sequences redesigned for this study, based on Rivera et al. [15] . Product length reported in base pairs, and Tm 

in °C. Starting touchdown PCR temperature range in °C is reported in TD range. Outer indicates the outermost most for- 

ward/reverse primer for a locus. 

Name Microhylid Outer Primer Sequence - 5 ′ -3 ′ Length Tm TD PCR 

Specific Range 

SIA 1F ∗ x TCGAGTGCCCCGTGTGY TTYGAY TA -400–450 63 66–56 

SIA 455R ∗ x GAAGTGGAAGCCGAAGCAGSWYTGCATCAT 64.7 

SIA 401R x AGGTTAATGTCCGTGGCGA 56.5 

SIA m731R ∗∗ x GTTCCTATTAGYTGYACRATKGCRAAGAAC -700 58.7 50–60 

BDNF 1F ∗ x ACCATCCTTTTCCTTACTATGG -630–750 52 63–53 

BDNF 750R ∗ x CTATCTTCCCCTTTTAATGGTC 50.6 

BDNF 634R x CTTTTAATGGTCAGTGTACATAC 55.6 

NXC-1 1F ∗ x GACCTTGGTCCMAGNACCATT -60 0–70 0 57.2 55-45 

NXC-1 64F x CCTGATGGGGAAATAAGGAGGATT 56.1 

NXC-1 690R ∗ x TSACTGCTTTCCTTGCYTG 54.4 

NXC-1 649R x GATCTGCGGCATGTCTCTTTA 54.8 

NXC-1 617R x GCACCAGTCATCAGGCGA 57.8 

CytB 1F ∗ x ACMGGHY TMTTYY TRGCHATRCAY TA -600–650 57.3 55-45 

CytB 27F x ACAGCHGAYACWTCAATAGC 52 

CytB 652R ∗ x TADGCRAAWAGRAARTAYCAYTCNGG 55.6 

CytB 623R x GGGTTKGCTGGKGTGAARTT 57 

ND4 -13F x x CHAAAGCYCAYGTWGAAGCCC -550–650 57.2 55-45 

ND4 1F ∗ CACCTATGACTACCAAAAGCTCATGTAGAAGC 60 

ND4 26F x TAGAAGCCCCAATTGCCGG 57.9 

ND4 650R ∗ x TATTAGGAGATGTTCTCG 44.8 

ND4 642R x GGTGTTCTCGAATTTGAAAGGG 52 

ND4 557R x CGTTGTGTKGATCAWAGRGTRTAKA 54.2 

Table 3 

Data partitions and their best-fit evolutionary models for sequence evolution using PartitionFinder2 allowing models to 

vary by locus and codon position (15 possible partitions). 

Partition Locus & Codon Position Model 

1 SIA_pos1 + BDNF_pos2 GTR + I + G 

2 SIA_pos2 JC69 

3 SIA_pos3 GTR + I + G 

4 BDNF_pos1 GTR + I + G 

5 BDNF_pos3 HKY 

6 NXC_pos1 GTR + I + G 

7 NXC_pos2 GTR + I + G 

8 NXC_pos3 GTR + G 

9 CYTB_pos1 GTR + I + G 

10 CYTB_pos2 GTR + I + G 

11 CYTB_pos3 + ND4_pos3 GTR + G 

12 ND4_pos1 GTR + I + G 

13 ND4_pos2 GTR + I + G 

 

s  

g  

w

Furthermore, we mapped anuran lifestyles (Table 1 supplementary materials; one of arboreal,

cansorial, terrestrial, fossorial, and semi-aquatic) onto the phylogeny ( Fig. 5 ), which indicated a

eneral trend of niche conservatism throughout the clade [1] . Code to reproduce all analyses

ith all input files are provided in the GitHub repository. 
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Fig. 5. The evolution of Asterophryinae lifestyle. Lifestyles were mapped onto the 218 taxa time calibrated Bayesian 

inference phylogeny with ancestral states reconstructed using maximum likelihood. Pies on each node show the proba- 

bilities of lifestyles at ancestral nodes generated from 20 0 0 stochastic mappings. 
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. Experimental Design, Materials and Methods 

.1. Sampling Design 

We built upon a previous sequencing dataset [15] adding an additional 62 taxa to produce

he largest dataset to date of 205 candidate taxa of Asterophryinae and three outgroup taxa [1] .

e conducted new field collections of four New Guinea island sites and two offshore island sites

Normanby Island; site detail provided in Table 1 in the supplementary materials). Collections

rom the Central Highlands added samples to a region with low sampling. Furthermore, we in-

luded multiple samples of nominal species with “widespread distributions”, including at least

ne sample per site. We collected locality data from museum databases and identified 19 sites

18 multispecies) with reasonably complete species sampling. 

.2. Primer Design 

The previous dataset had significant missing data for some of the loci, in particular ND4

nd NXC-1. We redesigned all primers ( Table 2 ) for improved PCR performance in order to com-

lete the dataset for all species. Nuclear primers were based on anuran and vertebrate sequences

ownloaded from GenBank [16] using NCBI Primer-BLAST software [2] . Mitochondrial sequences

or Asterophryinae were downloaded from GenBank and aligned with previous sequencing ef-

orts to design degenerate primers using HYDEN [17] with default settings. 

.3. PCR Strategies to Improve Data Completeness 

Standard PCR protocols were described in [1] . Several modifications were used to improve

ecovery of difficult targets. Touchdown PCR used annealing temperatures starting at 5 °C above

m ( Table 2 ) and decreasing by 1 °C per cycle for the first 10 cycles, followed by 25 cycles at the

owest annealing temperature. Some primer combinations for NXC-1, ND4, and CYTB required a

ouchdown window of 55–45 °C, whereas SIA and BDNF primers were improved by windows of

6–56 °C or 63–53 °C, respectively. Difficult targets were temperature optimized. A 15 ° touch-

own window was used for CytB, as necessary, to improve yield likely due to the degeneracy

r the greater Tm disparity between forward and reverse primers. Yield was improved for faint

CR bands with five additional amplification cycles. In other cases, a nested PCR strategy was

ffective with an initial PCR reaction using outer primers as the template for a nested or semi-

ested reaction. PCR products were cleaned using Monarch spin columns (NEB). Several samples

roduced two bands for ND4, in these cases, bands of the correct length were excised from the

el and purified prior to Sanger sequencing. Sanger sequencing was conducted at the Univer-

ity of Hawaii at Manoa’s Advanced Studies of Genomics, Proteomics and Bioinformatics facility

 https://www.hawaii.edu/microbiology/asgpb/ ). 

.4. Increased Data Quality 

We improved data quality by increasing data vetting beyond standard quality score cri-

eria ( > 40%) and BLAST confirmation of loci. To eliminate the possibility of amplifying non-

omologous targets such as pseudogenes, we furthermore instituted a practice of confirmation

f suspect sequences by resequencing any data that resulted unexpected placement of taxa in

ingle-locus phylogenies, sometimes with greater PCR stringency, as well as scrutinizing pairwise

lignments of the data resulting in unexpected distance scores. 

Sequence data were aligned after translation into amino acid sequences using MUSCLE [4] ,

hen back translated to nucleotides for phylogenetic reconstruction. Alignments provided in the

upplementary Materials. 

https://www.hawaii.edu/microbiology/asgpb/
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2.5. Phylogenetic Analysis 

A more complex evolutionary model was used for phylogenetic analysis as compared to pre-

vious effort s. The best model was identified by simultaneously optimizing evolutionary mod-

els and partitions (by locus and codon) using PartitionFinder2 [5] , and contained 13 partitions

for the 5 locus dataset [( Table 3 ). Trees were time-calibrated using the timing of six geological

events separating sister taxa (see [1] and file asterophryinae_dates.txt in Supplementary Ma-

terials). The maximum likelihood (ML) tree was estimated using IQTREE [7] with nodal sup-

port based on 20 0 0 bootstrap replicates. The Bayesian inference (BI) tree was estimated using

BEAST2 [6] with two independent Monte Carlo (MCMC) runs performed for 10 0,0 0 0,0 0 0 genera-

tions with sampling every 10,0 0 0 generations and 30% burn-in. Input files for these analyses are

provided in Supplementary Materials. Further details of phylogenetic reconstruction are given in

[1] . We checked for the possibility of morphologically cryptic species by examining mitochon-

drial divergence and phylogenetic distance [see 1]. 

2.6. Assembly of Metadata 

Collection site data including GPS and elevation information were collected using museum

databases for our voucher specimens as well as data collected from our own fieldwork. Samples

were mapped to terranes (major geological sectors) using their GPS coordinates. Lifestyle data

were collected based on microhabitat use (perch type) and behavior data from literature re-

search and our own fieldwork. Briefly, frogs were classified as: arboreal if found on tree trunks

or canopy, more than 2m above the ground; scansorial if found on shrubs less than 2m above

the ground; terrestrial if generally found on the ground on the forest floor or among leaf lit-

ter; fossorial if found underground in holes or burrows; and semi-aquatic if found associated

with streams and swimming for mode of escape. All metadata, including collection site, mu-

seum number and locus-specific GenBank numbers are assembled in Table 1 of the supplemen-

tary materials. 

We evaluated the designation of a “collection site” empirically. Traditionally, field workers in

New Guinea designate sites or “field camps” at various distances based on their perceptions of

variation in the species under study. We analyzed spatial clustering of samples by calculating the

distances between collection sites from their GPS coordinates using the geodist function in the

R package geodist [10] . A spatial cutoff of 1.1 km corresponded well with collection sites desig-

nated by field workers, as well as with distinct species in our phylogeny (with the exception of

cryptic species complexes). 

2.7. Ancestral Reconstruction of Lifestyle 

We reconstructed ancestral states for lifestyle along the phylogeny using Maximum Likeli-

hood (ML) with the fitDiscrete function in the R package geiger [8] . The best fit ML model as-

sumed a symmetric transition rate between lifestyles (AICc = 309) and was used to generate 20 0 0

stochastic mappings of lifestyle onto the phylogeny using SIMMAP [18] with the make.simmap

function in the R package phytools [9] . A majority of nodes (excepting 10) were reconstructed

with > = 70% support for a single lifestyle ( Fig. 5 ). 

Phylogenetic plots were created using the R packages ggtree, ouch and treeio [11–13] , and

with a custom script based on modifications of ouch. All analyses were conducted in the R sta-

tistical computing environment unless otherwise noted [14] . Code for all analyses are provided

in the supplementary file “asterophryinae_phylogeny_analysis_figures.R”. All supplementary ma- 

terials are available in the repository ( https://doi.org/10.5281/zenodo.7063167 ). 

https://doi.org/10.5281/zenodo.7063167
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No human subjects were used in this study. Animals used in this study were euthanized

sing MS-222 following UH IACUC protocol 12–1458 issued to M. Butler. 
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