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Supplementary Methods
DNA Extraction
A total of 24 samples were used in this study; 9 modern and 15 historical samples, representing both ‘Old
Goat’ populations and improved dairy breeds (figure S1). Prior to extraction, 1mm3 of hair and dry skin
from each historical sample, typically taken from the neck of a mounted head, was washed in 500µl of
ddH2O, 300µl of 99% ethanol and then again in 500µl of ddH2O. For each wash samples were
centrifuged at 13,500rpm for one minute, discarding the supernatant every time.
Modern specimens consisted of hair and follicles for all samples but M-Irish1 and M-Irish2, for which
fresh skin was obtained. For extraction, approximately 0.03g of each modern sample was digested in
450µl TNE buffer (0.5M Tris–HCl, pH 7.4, 0.1M-NaCl, 0.001M-EDTA, 0.5% SDS) and proteinase-K
solution (1 mg per sample) at 56°C for 16h. For the washed historical samples, a modified TNE buffer
was used, adding 0.003M CaCl2 and 0.05M DTT to the original TNE buffer. Following the 16h
incubation, an extra 0.1mg of proteinase-K solution was added to all samples, which were then further
incubated for two hours.
A standard phenol-chloroform extraction was then performed (1). The DNA pellet in each tube was resuspended in 20µl of EBT buffer (10 mM Tris-Cl, pH 8.0 and 0.05% Tween 20). Historical samples in
which no DNA was detected (quantified by Qubit®) after the extraction, were excluded from the study at
this point and are not presented in Table 1. The modern samples were sonicated (by Bioruptor® for 30
cycles; 30 sec ON/30 sec OFF) to obtain DNA fragments of suitable length for Illumina sequencing
(<600bp) and a size selection was carried out using gel electrophoresis. Fragments of approximately
100bp were selected and purified using Qiagen gel purification protocol (QIAquick Gel extraction kit).
Negative controls were carried through the procedure for both modern and historical samples.

Library preparation and mtDNA capture
Indexed single-end sequencing libraries were prepared following the Meyer and Kircher (2010) Illumina
sequencing library preparation protocol (2) with modifications as reported in (3). All DNA purification
steps were performed using the MinElute PCR Purification kit protocol. A negative control of 20µl
ddH2O was carried through the entire procedure. Indexing and library adapter primers were obtained
from Metabion. The library amplification reaction was performed for all samples and controls using
Accuprime Pfx Supermix (Life Technology), under the following thermal cycling conditions: 5 min at
95°C; 10-15 cycles of 15 sec at 95°C, 30 sec at 60°C and 30 sec at 68°C; and a final extension step of 5
min at 68°C.
All indexed libraries were then pooled in equimolar amounts (determined by Bioanalyzer). A custom
mtDNA capture system for livestock mtDNAs (SureSelect Target Enrichment System, Agilent) was used
for target-enrichment of the pooled libraries, following the recommended protocol. The capture design
included the complete mtDNA genome of goat (NC_005044), along with 10 d-loop sequences from the
major goat haplogroups as well as a large number of diverse domesticate mtDNAs. A control containing
4µl of ddH2O was carried through the in-solution mtDNA capture procedure.

Sequencing and data processing
Given the degraded nature and short sequence lengths of historical DNA, a single end approach was
adopted for sequencing. The multiplex mtDNA captured from the pooled libraries was sequenced using
an Illumina MiSeq platform (50bp single-end). A 1% PhiX positive control (a viral genome with a
balanced nucleotide representation) was added prior to the sequencing.
Raw reads from each sample were demultiplexed according to the index and each adapter sequence was
trimmed using cutadapt v1.3 (4). Sequence reads were then aligned to the domestic goat (Capra hircus
aegagrus) mitochondrial genome (16,443bp) retrieved from NCBI GenBank (NC_005044) using BWA
(5) with the parameters -n 0.01, -o 2 and -l 1000. Relatively low coverage was observed over the D-loop
region in all samples aligned. High sequence diversity in this region can affect read mapping. Therefore,
we replaced the D-Loop in the reference sequence, belonging to haplogroup B (6), with the D-loop

sequence of an Irish goat belonging to haplogroup A (EF618086) (7) and repeated the alignment. This
modification resulted in substantially increased sample coverage in this region, suggesting that any
limiting step in terms of recovery of diverse sequences appears to be bioinformatic, rather than capture
related, again highlighting the efficiency of the in-solution mtDNA capture approach.
Read groups were added using Picard Tools v1.101 (http://broadinstitute.github.io/picard/) and reads
were sorted using SAMtools (8). Reads with a mapping quality below 30 were discarded and duplicate
reads (clonal PCR amplified reads) were removed, again through the use of SAMtools.
Fasta consensus sequences were called for all individuals using the Unipro UGENE genome analysis suite
(9). Haplogroup membership was determined with MitoToolPy (10). The total depth of sequencing
coverage for each mitochondrial genome was assessed using GATK (11).
The previously generated trimmed reads for each sample and reference modern goat samples
(ERR219543, ERR470101) were aligned using BWA to the complete goat genome CHIR_1.0 with the
mtDNA genome replaced by the spliced genome from this study. Duplicate reads were removed. The
percentage of mtDNA to autosomal aligned reads generated by this analysis was calculated, with results
displayed in figure S2. The two reference samples used are part of data released, prior to publication,
from the NextGen Consortium. The use of this data in the current study is in keeping with the Fort
Lauderdale principles and these samples were not included in any phylogenetic analysis.
Patterns of postmortem DNA damage were examined for this study’s samples using mapDamage 2.0
(12). An ancient Irish bone sample, Rathlin2 (2024-1741 cal BC) (13), was also included in the analysis for
comparative purposes. Results are shown in figure S3. Taxidermic samples showed inflated levels of C to
T and G to A misincorporations at the 5’ and 3’ of reads, relative to the modern specimens. However, as
expected, these frequencies were dwarfed in comparison to those observed for the ancient bone sample.
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Figure S1. Geographic origins for 17 samples out of the total 24 sequenced. Red denotes historical,
while blue represents modern samples. Map legend shown in Table 1.
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Figure S2: This chart highlights the percentage of mtDNA reads retrieved out of the total aligned reads
from 26 goat samples when aligned to the complete goat reference genome (CHIR_1.0 with the mtDNA
genome replaced by the spliced genome from this study). Samples H-Eng1 to M-Irish4 represent the
samples selected for mtDNA capture in this study. ERR219543 (Capra hircus from Morocco) and
ERR470101 (Capra hircus from France) are whole genome sequenced modern goat samples retrieved
from the NCBI Sequence Read Archive and as such provide a base level of mtDNA retrieval from
genomic samples. An increase in mtDNA alignment relative to the whole genome sequencing is seen in
all captured samples.

Figure S3: Misincorporation patterns for modern and taxidermic samples. These display the
mismatch frequency relative to the reference genome as a function of position in the sequence read.
Samples are coloured according to date. Samples of unknown age are represented by a grey dashed line.
An ancient Irish bone sample (blue dotted line) is also displayed for comparative purposes.

