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1 Supplementary Methods 23 

1.1 Initial S. o. caurina assembly 24 

1.1.1 BLATq version 1.0.2 (Henderson & Hanna, 2016a) used to align our 150 bp read 1 25 

sequences from the Nextera700bp library (Hanna et al., 2017) to the Ninox 26 

novaeseelandiae mitochondrial genome (GenBank accession AY309457) using default 27 

BLAT parameters other than “-stepSize=5 -repMatch=100000 -out=blast8”.  28 

1.1.2 excerptByIds version 1.0.2 (Henderson & Hanna, 2016b) used, to extract the pairs of 29 

reads that had BLATq hits to the Ninox novaeseelandiae mitochondrial genome. 30 

1.1.3 SOAPdenovo2 version 2.04 (Luo et al., 2012) used with default settings except 31 

“SOAPdenovo-127mer all -m 127 -R”. In our configuration file for this assembly we 32 

used the default minimum alignment length between a read and contig (32 for paired-end 33 

reads) and the default minimum pair number cutoff (3 for paired-end reads) and set the 34 

reads to be used for the assembly of both contigs and scaffolds. 35 

1.1.4 Web version of the NCBI BLAST+ version 2.2.29 tool BLASTn (Altschul et al., 1990; 36 

Zhang et al., 2000; Morgulis et al., 2008; Camacho et al., 2009) with default parameters 37 

to search the NCBI nucleotide collection (Johnson et al., 2008; Boratyn et al., 2013; 38 

NCBI Resource Coordinators, 2015; Benson et al., 2015). 39 

1.1.5 GNU Grep version 2.16 (Free Software Foundation, 2014) used to search the trimmed 40 

and merged reads from lane 1 and 2 of the Nextera550bp library for reads that matched 41 

the assembled sequence of tRNAPhe or tRNAThr.  42 

1.1.6 We found 3 reads that spanned tRNAPhe (1 of which was a merged read pair (Hanna et al., 43 

2017)) and combined them using the Geneious version 9.1.4 (Kearse et al., 2012; 44 
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Biomatters, 2016) de novo assembler. The resulting contig contained spanned from the 45 

control region through tRNAPhe and into 12S.  46 

1.1.7 PRICE version 1.2 (Ruby, Bellare & DeRisi, 2013; Ruby, 2014) used with the assembled 47 

contig spanning tRNAPhe as the initial contig and the parameters “-spf <merged_reads> 48 

300 600 -icf <initial_contig.fasta> 1 1 5 -mol 25 -mpi 85 -MPI 80 -nc 60 -lenf 40 5 -lenf 49 

90 10 -a 10 -target 85 1 1 1 -maxHp 25 -o <output.fa> -o <output.priceq>”. The 50 

“merged_reads” parameter referred to the merged overlapping sequences from lane 1 of 51 

the Nextera550bp library. 52 

1.1.8 BLATq version 1.0.2 (Henderson & Hanna, 2016a) to align our 150 bp read 1 sequences 53 

from the Nextera700bp library to the assembly output by PRICE using default settings 54 

other than “-stepSize=5 -repMatch=100000 -out=blast8”. 55 

1.1.9 excerptByIds version 1.0.2 (Henderson & Hanna, 2016b) to extract the read 2 of the 56 

paired-end sequences corresponding to the aligned read 1 sequences.  57 

1.1.10 PRICE assembly with the same initial contig as before, but with more sequence data, 58 

including the merged overlapping sequences from both lane 1 and 2 of the Nextera550bp 59 

library and the matching paired-end sequences from the Nextera700bp library. We used 60 

the default PRICE assembly settings with the following exceptions: “-fp <Nextera700bp 61 

read 1 matches> <Nextera700bp read 2 matches> 809 -spf <Nextera550bp lane 1 merged 62 

reads> 300 600 -spf <Nextera550bp lane 2 merged reads> 300 600 -icf 63 

<initial_contig.fasta> 1 1 5 -mol 25 -mpi 85 -MPI 80 -nc 60 -lenf 40 5 -lenf 90 10 -a 10 -64 

target 85 1 1 1 -maxHp 25 -o <output.fa> -o <output.priceq>”. 65 

1.1.11 MITOS WebServer version 605 (Bernt et al., 2013) specifying “genetic code = 02 - 66 

Vertebrate”.  67 
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1.1.12 Tandem Repeats Finder version 4.07b (Benson, 1999, 2012) used with default options. 68 

1.2 S. o. caurina Sanger sequencing assembly confirmation 69 

1.2.1 We isolated genomic DNA using a DNeasy Blood & Tissue Kit (Qiagen, U.S.A.). 70 

Polymerase chain reaction (PCR) conditions for primers 17589F and 41R included an 71 

initial denaturation at 94°C for 1 min; then 30 cycles at 94°C for 30 s, 60°C for 30 s, and 72 

72°C for 2 min; and a final extension at 72°C for 7 min. We then sequenced both ends of 73 

the PCR-amplified fragment using BigDye terminator chemistry (Applied Biosystems, 74 

U.S.A.) on an ABI 3130xl automated sequencer (Applied Biosystems, U.S.A.). 75 

1.2.2 Polymerase chain reaction (PCR) conditions for primers 17572F and 41R were the same 76 

as for primers 17589F and 41R (initial denaturation at 94°C for 1 min; then 30 cycles at 77 

94°C for 30 s, 60°C for 30 s, and 72°C for 2 min; and a final extension at 72°C for 7 78 

min). We sequenced the PCR products using BigDye terminator chemistry (Applied 79 

Biosystems, U.S.A.) on an ABI 3130xl automated sequencer (Applied Biosystems, 80 

U.S.A.). 81 

1.2.3 We used the Geneious mapper through the “map to reference” function with default 82 

options other than sensitivity set to “highest sensitivity / slow” to align the edited Sanger-83 

derived sequences to the 19,946 nt preliminary mitochondrial genome assembly. 84 

1.2.4 Polymerase chain reaction (PCR) conditions for primers cytb-F1 and 17122R included an 85 

initial denaturation at 94°C for 3 min; then 35 cycles at 94°C for 30 s, 50°C for 30 s, and 86 

72°C for 2 min; and a final extension at 72°C for 10 min. 87 

1.3 S. o. caurina final assembly  88 

1.3.1 We removed scaffold-3674 from the draft whole nuclear genome assembly (Hanna et al., 89 

2017) using the “filterbyname.sh” tool in the BBMap tool suite version 36.02 (Bushnell, 90 
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2016) and replaced it with the 19,948 nt mitochondrial genome assembly from our 91 

targeted assembly methodology. When referring to specific scaffolds here and in the 92 

manuscript, we have inserted a dash (“-”) between the word “scaffold” and the scaffold 93 

number for legibility. These dashes are not present in any of the assembly data files. 94 

Thus, “scaffold-3674” referenced in the manuscript will appear as “scaffold3674” in the 95 

assembly and other associated files. 96 

1.3.2 We aligned all filtered Illumina sequences to this new draft reference genome using bwa 97 

version 0.7.13-r1126 (Li, 2013a) using default options except parameters "bwa mem -M". 98 

We separately aligned paired-end and unpaired reads. We then merged the paired-end 99 

and unpaired read alignments using the Picard version 2.2.4 100 

(http://broadinstitute.github.io/picard) function MergeSamFiles and sorted them using the 101 

Picard function SortSam, employing default settings for both tools. We next marked 102 

duplicate reads (both PCR and optical) using the Picard function MarkDuplicates, 103 

employing default settings. 104 

1.3.3 We then filtered out duplicate reads, low quality alignments, secondary alignments, and 105 

alignments where both reads of a pair did not align to the mitochondrial assembly. We 106 

used Samtools to filter out duplicate reads marked by Picard using the Samtools 107 

parameters “-F 0x400”. We next used Samtools to filter out alignments of quality less 108 

than 10 with the parameters “-q 10”. We then filtered out secondary alignments with the 109 

Samtools parameters “-F 0x100”. We then used Samtools with GNU Awk (GAWK) 110 

version 4.0.1 (Free Software Foundation, 2012) to filter out paired reads where one of the 111 

reads mapped to a different contig/scaffold than the mitochondrial genome using 112 
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parameters “samtools view -h <input.bam>  | awk '$7 == "=" || $7 == "*" || $1 ~ "^@"' | 113 

samtools view -Sb - > <output.bam>”.  114 

1.3.4 We used Samtools version 1.3 with HTSlib 1.3.1 (Li et al., 2009, 2015) with GAWK 115 

version 4.0.1 (Free Software Foundation, 2012) to filter out all aligned sequences less 116 

than 300 nt using parameters “samtools view -h <input.bam>  | awk '$1 ~ "^@"' || 117 

length($10) >= 300’ | samtools view -Sb - > <output.bam>”.  118 

1.3.5 We visually inspected all sites where there was lower coverage and any hint of 119 

disagreement between reads and, except in the case of CR1 and CR2 where we relied on 120 

the Sanger-derived sequence data, decided in favor of majority evidence, which matched 121 

our preliminary assembly at all sites, providing confirmation of our assembly 122 

methodology. 123 

1.4 S. o. caurina final annotation 124 

1.4.1 MITOS WebServer version 806 (Bernt et al., 2013) specifying “genetic code = 02 - 125 

Vertebrate”.  126 

1.4.2 Web version of Tandem Repeats Finder version 4.09 (Benson, 1999, 2016) employing 127 

default options. 128 

1.4.3 We used bioawk version 1.0 (Li, 2013b) and GAWK version 4.0.1 (Free Software 129 

Foundation, 2012) to find goose hairpin sequences by searching for 7 C’s followed by 1 130 

to 3 D nucleotides (A, G, or T) followed by 7 C’s in a FASTA format file (Pearson & 131 

Lipman, 1988) with each control region input as a separate entry with the command 132 

“bioawk -c fastx '{print $seq}' $1 | awk '{pos=match($0, 133 

/CCCCCCC[AGT]{1,3}CCCCCCC/);if(pos){print pos}}'”. 134 
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1.4.4 We used the NCBI BLAST+ version 2.4.0 (Altschul et al., 1990; Zhang et al., 2000; 135 

Morgulis et al., 2008; Camacho et al., 2009) tool “makeblastdb” with options “-136 

parse_seqids -dbtype nucl” to create a database of the scaffold-3674 gene sequences and 137 

then the tool “blastn” with default options except “-outfmt 6” to align the targeted 138 

assembly gene sequences against this database. 139 

1.4.5 We aligned the primers we developed to amplify control region 2 and the N1 primer used 140 

by Barrowclough, Gutierrez & Groth (1999) to amplify a portion of control region 1 to 141 

the final assembly using Geneious version 9.1.4 mapper through the “map to reference” 142 

function (Kearse et al., 2012; Biomatters, 2016) with default options other than using the 143 

sensitivity set at “highest sensitivity / slow”. We determined the position in the final 144 

assembly of the D16 primer used by Barrowclough, Gutierrez & Groth (1999) to amplify 145 

a portion of control region 1 by using the Geneious version 9.1.4 de novo assembler 146 

(Kearse et al., 2012; Biomatters, 2016) with default parameters other than setting 147 

sensitivity at “highest sensitivity / slow” to assemble control region 1 with the D16 148 

primer.  149 

1.4.6 We performed a multiple alignment of control regions 1 and 2 using the Geneious version 150 

9.1.4 (Kearse et al., 2012; Biomatters, 2016) implementation of the MUSCLE version 151 

3.8.425 (Edgar, 2004) aligner with default options. 152 

1.4.7 We used the web version of NCBI’s BLAST+ Version 2.5.0 tool BLASTN (Altschul et 153 

al., 1990; Zhang et al., 2000; Morgulis et al., 2008; Camacho et al., 2009) with default 154 

parameters to search the NCBI nucleotide collection (Johnson et al., 2008; Boratyn et al., 155 

2013; NCBI Resource Coordinators, 2015; Benson et al., 2015) for sequences similar to 156 
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control regions 1 and 2 in order to assess whether published control region sequences of 157 

related species are more similar to control region 1 or 2.  158 

1.4.8 As a result of these searches, we aligned the primers used by Omote et al. (2013) to 159 

amplify the control region in Strix uralensis to the final assembly using Geneious version 160 

9.1.4 mapper with the “map to reference” function (Kearse et al., 2012; Biomatters, 2016) 161 

with default options other than using the Geneious mapper with sensitivity set at “highest 162 

sensitivity / slow”. 163 

1.5 Nuclear pseudogenation of S. o. caurina mitochondrial genes 164 

1.5.1 We first used the NCBI BLAST+ version 2.4.0 tool BLASTN (Altschul et al., 1990; 165 

Zhang et al., 2000; Morgulis et al., 2008; Camacho et al., 2009) to align the final S. o. 166 

caurina mitochondiral genome assembly to the draft nuclear genome assembly (Hanna et 167 

al., 2017) using default parameters other than “-outfmt 6”. 168 

1.5.2 We used GAWK version 4.0.1 (Free Software Foundation, 2012) to remove all 169 

alignments to scaffold3674, which was the assembly of the mitochondrial genome in the 170 

draft nuclear genome assembly. 171 

1.5.3 We next used GAWK version 4.0.1 (Free Software Foundation, 2012) to reformat the 172 

BLAST output into a BED (Browser Extensible Data) formatted file 173 

(http://genome.ucsc.edu/FAQ/FAQformat#format1) with the parameters “cat 174 

<filtered_BLAST_file> | awk 'BEGIN {OFS = "\t"} {print 175 

"Strix_Occidentalis",$7,$8,$2,$9,$10,$12}' | awk 'BEGIN {OFS = $"\t"} {if ($3<$2) 176 

print $1,$3,$2,$4,$5,$6,7; else print $0}'”.  177 

1.5.4 We used BEDTools version 2.26.0 tool “intersect” (Quinlan & Hall, 2010) to produce a 178 

BED file of the intersection of the BED-formatted BLAST output with the BED file 179 
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output from the MITOS annotation of the final mitochondrial genome assembly using the 180 

parameters “-a <BED-formatted BLAST output file> -b <MITOS annotation BED file> -181 

wo”. We then used the output of the intersection to determine the mitochondrial genes 182 

spanned by each Numt. 183 

1.6 Strix varia sample CAS95964 184 

1.6.1 We extracted genomic DNA using a DNeasy Blood & Tissue Kit (Qiagen, U.S.A.). We 185 

used 50 ng genomic DNA to prepare a whole-genome library using a Nextera DNA 186 

Sample Preparation Kit (Illumina, U.S.A.). After tagmentation, we cleaned the reaction 187 

with a DNA Clean & Concentrator -5 kit (Zymo Research, U.S.A.). We amplified the 188 

reaction with 5 cycles of PCR using a KAPA Library Amplification kit (KAPA 189 

Biosystems, U.S.A.) and then cleaned the reaction with a DNA Clean & Concentrator -5 190 

kit (Zymo Research, U.S.A.). We used Dye-Free, 1.5% agarose, 250-1,500 base pair (bp) 191 

cassette on a BluePippin (Sage Science, U.S.A.) to select library fragments in the size 192 

range of 534-634 bp, which, after subtracting the 134 bp of adapters, corresponded to 193 

selecting an average insert size of 450 bp. We next performed a real-time PCR (rtPCR) 194 

using a KAPA Real-Time Library Amplification Kit (KAPA Biosystems, U.S.A.) on a 195 

CFX96 Touch Real-Time PCR Detection System (Bio-Rad, U.S.A.) to further amplify 196 

the library with 9 cycles PCR. We then cleaned the PCR products with a DNA Clean & 197 

Concentrator -5 kit (Zymo Research, U.S.A.). We lastly assessed the library fragment 198 

size distribution with a 2100 BioAnalyzer (Agilent Technologies, U.S.A.) and the 199 

concentration of double-stranded DNA material with a Qubit 2.0 Flurometer (Invitrogen, 200 

U.S.A.). Due to the presence of small peaks in the BioAnalyzer trace, we further cleaned 201 

the library using 0.6X Agencourt AMPure XP (Beckman Coulter, U.S.A.) magnetic 202 



10 

beads. We obtained approximately one lane of 100 bp paired-end data sequenced in an 203 

indexed pool using a 2-lane flow cell with a HiSeq PE Rapid Cluster Kit and a 200 cycle 204 

HiSeq Rapid SBS Kit v1 on a HiSeq 2500 (Illumina, U.S.A.). The raw sequences are 205 

available upon request. 206 

1.6.2 We performed adapter and quality trimming of the sequence data using Trimmomatic 207 

version 0.30 (Bolger, Lohse & Usadel, 2014) with the following options: 208 

"ILLUMINACLIP:<FASTA format file of Illumina adapter sequences>:2:30:7 209 

LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36".  210 

1.6.3 For use in only the SOAPdenovo2 assembly, we trimmed the sequences using a different 211 

set of parameters and performed error-correction of the sequences. We performed adapter 212 

and quality trimming using Trimmomatic version 0.30 (Bolger, Lohse & Usadel, 2014) 213 

with the following options: "ILLUMINACLIP:<FASTA format file of Illumina adapter 214 

sequences>:2:30:7 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36 215 

HEADCROP:12". We merged into a single file all of the single reads that resulted after 216 

their pair was dropped in the trimming process. Then we used the k-mer-based error 217 

corrector in the SOAPdenovo2 toolkit, SOAPec version 2.01 (Luo et al., 2012), to correct 218 

sequence errors. We first used the KmerFreq_HA tool to create a kmer frequency 219 

spectrum with default options except “-k 27”, which indicate that we used a kmer size of 220 

27 for creating the spectrum. We then used the Corrector_HA tool along with the kmer 221 

frequency spectrum that we created to correct all of our trimmed reads using default 222 

options except “-k 27 -r 36”, which indicate that we used a kmer size of 27 for the error 223 

correction and kept trimmed reads as short as 36 bp. 224 

1.7 Strix varia sample CMCB41533 225 
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1.7.1 We obtained tissue from a S. varia collected in Hamilton County, Ohio, United States of 226 

America (CNHM<USA-OH>:ORNITH:B41533; Table 1), hereafter “CMCB41533”, 227 

which is well outside of the zone of contact of S. varia and S. occidentalis caurina (Haig 228 

et al., 2004). We obtained paired-end Illumina sequence data from a genomic library 229 

constructed, sequenced, and the data processed as described in (Hanna et al., 2017). The 230 

raw sequences are available from NCBI (SRA run accessions SRR5428115, 231 

SRR5428116, and SRR5428117). 232 

1.8 Strix varia mitochondrial genome assembly 233 

1.8.1 We generated the mitochondrial genome assembly of the S. varia sample CMCB41533 234 

by building a succession of assemblies that contributed information to the final assembly 235 

from which we extracted the gene sequences. We used assemblies of sample CAS95964 236 

to inform the process, but, as we had more sequence data for sample CMCB41533, we 237 

chose to only produce a final assembly for this sample. 238 

1.9 Assembly of Strix varia ContigInput1 239 

1.9.1 We used bwa version 0.7.13-r1126 (Li, 2013a) with default options other than parameters 240 

"bwa mem -M". We separately aligned paired-end and unpaired reads. 241 

1.9.2 We merged the paired-end and unpaired read alignments using the Picard version 2.2.4 242 

(http://broadinstitute.github.io/picard) function MergeSamFiles and sorted them using the 243 

Picard function SortSam, employing default settings for both tools. We next marked 244 

duplicate reads (both PCR and optical) using the Picard function MarkDuplicates, 245 

employing default settings. 246 

1.9.3 We filtered the alignment file for only alignments to the final mitochondrial genome 247 

assembly using Samtools version 1.3 with HTSlib 1.3.1 (Li et al., 2009, 2015). We then 248 
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used Samtools to filter out duplicate reads marked by Picard using the Samtools 249 

parameters “-F 0x400”. We next used Samtools to filter out alignments of quality less 250 

than 10 with the parameters “-q 10”. We then filtered out secondary alignments with the 251 

Samtools parameters “-F 0x100”. We then used Samtools with GNU Awk (GAWK) 252 

version 4.0.1 (Free Software Foundation, 2012) to filter out paired reads where one of the 253 

reads mapped to a different contig/scaffold than the mitochondrial genome using 254 

parameters “samtools view -h <input.bam>  | awk '$7 == "=" || $7 == "*" || $1 ~ "^@"' | 255 

samtools view -Sb - > <output.bam>”. 256 

1.9.4 We visualized the alignment across the reference sequence in Geneious version 9.1.4 257 

(Kearse et al., 2012; Biomatters, 2016). We used Geneious to generate a consensus 258 

sequence with default parameters for the alignment to the mitochondrial genome. 259 

1.9.5 We extracted 3 sequences from this consensus sequence based on the S. o. caurina 260 

annotations to give a 142 nt fragment spanning from nucleotide 5 of tRNAPhe part way 261 

into 12S; a longer, 844 nt fragment spanning from nucleotide 4 of tRNAPhe part way into 262 

12S; and a 1,042 nt fragment spanning from nucleotide 142 of cyt b part way into 263 

tRNAThr. We then used these extracted sequences as three separate seed contigs in an 264 

assembly using PRICE version 1.2 (Ruby, Bellare & DeRisi, 2013; Ruby, 2014). We 265 

used the trimmed CMCB41533 paired read 1 and 2 sequences as the sequence data for 266 

this run. Our PRICE assembly parameters were the defaults other than the following “-fp 267 

<read 1 paired sequences> < read 2 paired sequences> 466 -icf <initial_contig.fasta> 1 1 268 

5 -mol 30 -mpi 90 -MPI 85 -nc 60 -a 8 -target 85 1 1 1 -maxHp 25 -o <output.fa> -o 269 

<output.priceq>”. 270 

1.10 Assembly of ContigInput2 - CAS95964 271 
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1.10.1 We first used SOAPdenovo2 version 2.04 (Luo et al., 2012) to assemble all of the 272 

trimmed, error-corrected CAS95964 sequences, employing default parameters other than 273 

the options “SOAPdenovo all -m 63 -R”. In our configuration file for this assembly we 274 

used the default minimum alignment length between a read and contig (32) and the 275 

default minimum pair number cutoff (3) for both the paired-end and single-end reads. We 276 

set the paired-end reads to be used for the assembly of both contigs and scaffolds and the 277 

single-end reads for use only in contig assembly. We input both the paired-end and the 278 

single-end reads with a rank of 1 and set the average insert size as 446 bp. This produced 279 

a contig of length 15,019 nt. 280 

1.10.2 We extended the contig using PRICE version 1.2 (Ruby, Bellare & DeRisi, 2013; Ruby, 281 

2014). We employed the trimmed (and not error-corrected) CAS95964 paired read 1 and 282 

2 sequences as the sequence data for this run. We used the 15,019 nt contig output from 283 

the SOAPdenovo2 run above as the initial contig. Our PRICE assembly parameters were 284 

the defaults other than the following “-fp <read 1 paired sequences> <read 2 paired 285 

sequences> 446 -icf <initial_contig.fasta> 1 1 5 -mol 25 -mpi 85 -MPI 80 -nc 60 -lenf 40 286 

5 -lenf 90 10 -a 10 -target 85 1 1 1 -maxHp 25 -o <output.fa> -o <output.priceq>”. 287 

1.11 Assembly of ContigInput2 - CMCB41533 PRICE 288 

1.11.1 We employed the trimmed CMCB41533 paired read 1 and 2 sequences as the sequence 289 

data for this run. We used the 16,652 nt contig output from the CAS95964 run above as 290 

the initial contig. Our PRICE version 1.2 (Ruby, Bellare & DeRisi, 2013; Ruby, 2014) 291 

assembly parameters were the defaults other than the following “-fp <read 1 paired 292 

sequences> < read 2 paired sequences> 350 -icf <initial_contig.fasta> 1 1 5 -mol 25 -mpi 293 
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85 -MPI 80 -nc 60 -lenf 40 5 -lenf 90 10 -a 10 -target 85 1 1 1 -maxHp 25 -o <output.fa> 294 

-o <output.priceq>”. 295 

1.12 Final Strix varia assembly 296 

1.12.1 We used PRICE version 1.2 (Ruby, Bellare & DeRisi, 2013; Ruby, 2014) the 9,690 nt 297 

ContigInput1 contig output from cycle 16 of the initial CMCB41533 PRICE run and the 298 

17,073 nt ContigInput2 as the initial contigs. We used the CMCB41533 paired read 1 and 299 

2 sequences as well as the unpaired read 1 sequences that lost their mate as a result of 300 

quality trimming for the sequence data input for this assembly. Our PRICE assembly 301 

parameters were the defaults other than the following “-fp <read 1 paired sequences> < 302 

read 2 paired sequences> 400 -spf <read 1 unpaired> 110 200 -icf <initial_contig.fasta> 1 303 

1 5 -mol 25 -mpi 85 -MPI 80 -nc 60 -lenf 40 5 -lenf 90 10 -a 24 -target 85 1 1 1 -maxHp 304 

25 -o <output.fa> -o <output.priceq>”. 305 

1.12.2 PCR conditions for primers cytb-F1 and 17122R included an initial denaturation at 94°C 306 

for 3 min; then 35 cycles at 94°C for 30 s, 53°C for 30 s, and 72°C for 2 min; and a final 307 

extension at 72°C for 10 min. 308 

1.12.3 PCR conditions for primers ND6-ext1F and 12S-ext1R included an initial denaturation at 309 

94°C for 3 min; then 35 cycles at 94°C for 30 s, 54°C for 30 s, and 72°C for 2 min; and a 310 

final extension at 72°C for 10 min. 311 

1.12.4 We annotated the PRICE assembly using the MITOS WebServer version 605 (Bernt et 312 

al., 2013) specifying “genetic code = 02 - Vertebrate”. 313 

1.13 Comparison of Strix occidentalis and Strix varia mitochondrial genes 314 

1.13.1 MAFFT version 7.305b (Katoh et al., 2002; Katoh & Standley, 2013; Katoh, 2016) used 315 

with the default options other than parameters “--auto --clustalout”. 316 
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1.13.2 trimAl version 1.4.rev15 (Capella-Gutiérrez, Silla-Martínez & Gabaldón, 2009; Capella-317 

Gutiérrez & Gabaldón, 2013) with default options other than “-mega” used to convert the 318 

alignments to MEGA format (Kumar, Tamura & Nei, 1994; Kumar, Stecher & Tamura, 319 

2016). 320 

1.13.3 MEGA version 7.0.18 (Kumar, Stecher & Tamura, 2016) used to calculate the p-distance 321 

(an uncorrected pairwise distance that is the proportion of nucleotide sites at which two 322 

sequences are different obtained by dividing the number of differences by the total 323 

number of nucleotide sites) between S. occidentalis caurina and S. varia for each gene 324 

with all alignment positions with gaps or missing data removed from the analysis. 325 

1.13.4 MEGA version 7.0.18 (Kumar, Stecher & Tamura, 2016) used to calculate for each gene 326 

the pairwise distance corrected by the Tamura-Nei model (TN93) of DNA sequence 327 

evolution (Tamura & Nei, 1993) with rate variation among sites modeled using a gamma 328 

distribution with shape parameter = 1, differences in the composition bias of sequences 329 

considered in the comparisons (Tamura & Kumar, 2002), and with all alignment 330 

positions with gaps or missing data removed from the analysis. 331 

1.13.5 We weighted each distance by the length of the gene alignment from which it was 332 

derived as a proportion of the total alignment length across all gene alignments and 333 

calculated a weighted average pairwise distance across all of the genes. 334 
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2 Supplementary Figures 335 

 336 

Figure S1. Complete genome of the Strix occidentalis caurina mitochondrion. 337 

This is a graphical representation of the annotated complete genome of the northern 338 

spotted owl (Strix occidentalis caurina) mitochondrion. We have color-coded the various 339 

annotations, including genes for rRNA in sky blue, tRNA genes in orange, and all other genes in 340 

bluish green. The control regions are in yellow and the goose hairpin for each control region is 341 

depicted in blue. The locations of the primers we developed to amplify control regions 1 and 2 as 342 

well as the N1 and D16 primers used by Barrowclough et al. (1999) to amplify a portion of 343 

control region 1 are in reddish purple. The reverse complement versions of primers used (“-RC” 344 
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versions) are not shown. Regions with repetitive motifs are in vermillion. The base numbers 345 

around the perimeter of the figure are in nucleotides. We used Geneious version 9.1.4 (Kearse et 346 

al., 2012; Biomatters, 2016) to construct this figure. 347 

348 
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 349 

Figure S2. Complete genome of the Strix varia mitochondrion. 350 

This is a graphical representation of the annotated complete genome of the barred owl 351 

(Strix varia) mitochondrion. We have color-coded the various annotations, including genes for 352 

rRNA in sky blue, tRNA genes in orange, and all other genes in bluish green. The control 353 

regions are in yellow and the goose hairpin for each control region is depicted in blue. The 354 
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locations of the primers we developed to amplify control regions 1 and 2 are in reddish purple. 355 

The reverse complement versions of primers used (“-RC” versions) are not shown. Regions with 356 

repetitive motifs are in vermillion. The base numbers around the perimeter of the figure are in 357 

nucleotides. We used Geneious version 9.1.4 (Kearse et al., 2012; Biomatters, 2016) to construct 358 

this figure. 359 

360 
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 361 

Figure S3. Strix occidentalis caurina CR1 PCR-amplification products. 362 

This photograph of an agarose gel displays the lengths of the two products of PCR-363 

amplification of the S. o. caurina CR1 using primers cyb-F1 and 17122R. In lane 1 we loaded 364 

Fisher BioReagents exACTGene DNA Ladder (Cat. No. BP2576100; Fisher Scientific) the ten 365 

bands of which were of lengths 5,000; 4,000; 3,000; 2,500; 2,000; 1,500; 1,000; 700; 500; and 366 
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300 nt. Lanes 2 and 3 contained independent PCR replicates of CR1 amplification products. 367 

Lane 4 was blank. In lane 5 we loaded the negative control for the PCR. 368 

369 
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