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Online Resource 2: Laboratory methods  

DNA extraction, DNA shearing 

DNA was extracted from 167 ant species using either the DNeasy Blood and Tissue Kit 

(Qiagen, Hilden, Germany), or an AutoGenprep 965 (2011 AutoGen, Inc.), employing the 

manufacturer's standard phenol protocol. Whole specimens were ground for tissue sampling after 

identifications had been performed and conspecific vouchers had been labeled and stored. For all 

samples, we measured DNA concentration with a Qubit 2.0 fluorometer (Life Technologies Inc., 

Carlsbad, CA) and we input up to 500 ng of DNA into shearing and library preparation. We 

sheared the DNA to an average fragment distribution of 400-600 base pairs (bp) (verified on an 

agarose gel) using a Qsonica Q800R sonicator (Qsonica LLC, Newton, CT). 

 

Library preparation, UCE enrichment and sequencing 

Sequencing libraries were constructed using the Hyper Prep Kit from Kapa (Kapa 

Biosystems, Wilmington, MA). During library preparation we added iTru barcode adapters for 

all samples. We assessed success of library preparation by measuring DNA concentration with 

Qubit and by visualizing the libraries on an agarose gel.  

After library preparation, we pooled 8 – 10 libraries together at equimolar concentrations 

for enrichment. Pool concentration was adjusted to 147 ng/ml using a vacuum centrifuge and 3.4 

uL of pool was input into the enrichment process. UCE enrichment was performed using an ant-



customized bait set (“myBaits UCE Hymenoptera 2.5Kv2A”; ArborBiosciences, MI) that 

includes 9,898 baits targeting 2,524 UCE loci conserved in Hymenoptera (Branstetter et al., 

2017). Enrichment followed a standardized, in-solution enrichment protocol. This protocol is 

available at “http://ultraconserved.org”. Enrichment incubation was performed at 65ºC for 24 

hours. 

 Post-enrichment incubation, we measured the DNA concentration of pools using qPCR 

(Kapa qPCR reagents; ViiA7 instrument, Thermo Fisher Scientific Inc.) and we combined pools 

at equimolar ratios. We combined 14-16 enrichment pools at equimolar ratio for a total of 110-

130 samples into the same sequencing pool. To remove fragments that were either too large or 

too small for sequencing, we size selected the pools to a range of 300-800 bp using a Blue 

Pipping size selection instrument (Sage Science, Beverly, MA). The size-selected pools were 

sent to be run on the Illumina HiSeq 4000 platform at Novogene Corporation, Sacramento, CA. 

 

Bioinformatics 

The sequenced samples were demultiplexed and converted to the raw illumina data 

(FASTQ format). Starting with the FASTQ files, we performed all initial bioinformatics steps, 

including read cleaning, assembly, and alignment, using the Phyluce v1.4 software package. We 

cleaned and trimmed raw reads using Illumiprocessor, we assembled cleaned reads using Trinity. 

After assembly, we mapped Trinity contigs to UCE loci, with the “min-coverage” and “min-

identity” options set to 50 and 70, respectively. Next, we created a fasta file containing all taxa 

and UCE loci. During these steps we used the “incomplete-matrix” flag to allow matrices to have 

missing data. All loci were aligned individually using the program MAFFT v7.130b (Katoh et al 

2002). After alignment, we ran the Gblocks script on all aligned loci. We reduced the stringency 



of the default settings in Gblocks by adjusting the b1, b2, b3, and b4 options to 0.5, 0.5, 12, and 

7, respectively. To determine the amount of missing data to be included, we filtered loci for 50% 

of taxon occupancy, which refers to percentage of samples required to be present in any given 

locus. We then generated alignments and a concatenated matrix for the filtered data. The ant 

alignment set included 2,258 loci and 440,713bp of sequence data. 

 

Phylogenomic tree construction 

The ant alignment was partitioned using the Sliding-Window Site Characteristics algorithm 

based on entropy method (SWSC-EN; Tagliacollo & Lanfear 2018), which breaks UCE loci into 

three regions, corresponding to the core, right and left flanks. This method is based on the fact that 

UCE core regions are conserved, while the flanking regions become increasingly more variable 

(Faircloth et al. 2012). The outputs obtained from the SWSC-EN algorithm were analyzed using 

PARTITIONFINDER2 (Lanfear et al. 2012, Lanfear et al. 2017) with the rclusterf algorithm, the 

AICc model selection criterion, and the GTR+Γ model of sequence evolution. The resulting best-

fit partitioning scheme included 1,752 data subsets. The maximum-likelihood (ML) analyses were 

performed on the partitioned alignment using IQ-Tree v1.6.11 (Nguyen et al., 2015) with ultra-

fast (10,000 rounds) bootstrapping (Hoang et al. 2018). 

 


