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[bookmark: _Toc530053645]1. Methods
[bookmark: _Toc530053646]1.1. Ancient DNA extraction
DNA was extracted from 200 mg of tooth or bone powder using a modified double digest protocol (Damgaard et al., 2015; Gamba et al., 2016) as described in Boessenkool et al. (2016). Briefly, 200 mg of bone powder was pre-digested in fresh lysis buffer (1 ml) consisting of 0.45 M EDTA (pH 8.0), proteinase K (~0.18 mg/ml; Roche) and 0.5% N-laurylSarcosyl for 30 mins at 37 °C. Following centrifugation, the bone powder was re-suspended in 1 ml fresh lysis buffer and digested overnight at 37 °C. After centrifugation the supernatant was combined with 2 ml 10 mM tris-EDTA (Sigma-Aldrich) and concentrated to 200 μl using an Amicon ® Ultra-4 30 kD Centrifugal Filter Unit (Merck Millipore). DNA was purified using a Qiagen Minelute column with 1 ml PB buffer and eluted in 60 μl of pre-warmed (60 °C) EB buffer. No more than 9 samples were extracted in any one session and negative extraction blanks were included with every experiment. For one sample (VHR105 from Leynir Cave) bone powder was washed with a diluted bleach solution prior to the pre-digestion step (BLEDD protocol; Boessenkool et al., 2016). This method has been found to increase the percentage of endogenous DNA retrieved from poorly preserved samples (Boessenkool et al., 2016). Extraction blanks were included in each extraction. 

[bookmark: _Toc530053647]1.2. Library builds
Blunt-end Illumina libraries (Meyer and Kircher, 2010a) were built following Schroeder et al. (2015) as described in Star et al. (2017). Library building was performed in half reaction volumes, except for sample VHR105 where we used a full reaction volume. Libraries were also made of the extraction blanks. Libraries were amplified and indexed in 50 uL reactions with 15 ul ligated DNA, 2.5 U PfuTurbo Cx Hotstart polymerase (Agilent Technologies), 1X buffer, 0.2 mm per dNTP, 0.2 µm P7 index primer, 0.2 µm P5 IS4 primer and 0.4 mg/ml BSA. The amplification profile consisted of 2 min at 95 ºC, 13 cycles of 30 s at 95 ºC, 30 s at 60 ºC and 70 s and 72 ºC, with a final extension of 10 min at 72 ºC. After amplification, libraries were cleaned using Agencourt® AMPure XP beads at a 1:1.7 ratio (PCR volume: AMPure XP volume) and quantified on a Bioanalyzer 2100 (Agilent High Sensitivity Chip). Libraries of low concentration (<2 ng / μl) were split over four parallel reactions and re-amplified for two to eight cycles as required using Accuprime Pfx DNA polymerase (Invitrogen) and primers IS5 and IS6 (Meyer and Kircher, 2010b). No library received more than 20 amplification cycles in total.

[bookmark: _Toc530053648]1.3. Cross-sample contamination and the robustness of genetic sex-determination
We analysed if cross-sample contamination could affect the accuracy of our sex determination for those males with low endogenous DNA content (<2.4%) and low number of endogenous reads (< 20 000). Our three negative controls contained at least 10-fold lower levels of endogenous DNA (0.02% to 0.04%, Table S3) than any sample (Table 1). This 10-fold lower endogenous DNA level yields a maximum cross-sample contamination rate of ~10% compared to VHR088 (the sample with lowest endogenous DNA at 0.4%). We used this maximum contamination rate of 10% to investigate if females could potentially be misclassified as males due to cross-sample contamination with a male. For this, we generated an artificial, contaminated dataset with 90% aligned reads from VHR105 (a female) and 10% reads from VHR102 (a male). These specimens have comparable, high levels of endogenous DNA (29.5% and 31.7% respectively) and we assume these samples to be little affected by cross-sample contamination. This dataset contained 100 000 reads in total, and was down-sampled as described for the genetic sex determination in section 2.6 of the Material and Methods. When down-sampling to lower numbers (500 to 20 000) of obtained endogenous reads, the X-autosomal ratio range of this contaminated female dataset did not include any of the observed ratios of the males with low number (< 20 000) of endogenous reads (Supplementary Figure S2), supporting our conclusion that they are true genetic males.

[bookmark: _Toc530053649]2. Site descriptions

[bookmark: _Toc530053650]2.1. Burial sites
A full list of all animal bones from Viking Age burial sites in Iceland is available in Ritual Animal Killing and Burial Customs in Viking Age Iceland (Leifsson, 2018) and detailed information about artefacts and find circumstances in Kuml og haugfé (Eldjárn, 2016). Below are summaries about each of the sites in the study.
To give a rough estimation of the completeness of each horse skeleton the number of horse elements recorded at each site has been given. A horse skeleton has around 205 bones, this number assumes that there are 18 caudal vertebrae (the average number of caudal vertebrae in horses; Getty, 1975, p. 255) and excludes teeth (a male horse has 40 teeth on average; St. Clair, 1975, p. 460). Nevertheless, much of the material was excavated decades ago with varying levels of documentation and retention. Sites containing multiple individuals were often not boxed separately and determining which elements belong to individual skeletons is thus no longer possible (Leifsson, 2018).
[bookmark: _GoBack]	Of the human skeletons in Viking Age burials in Iceland that have been sexed using morphological sexing approximately one third are female, and graves of very young or very old individuals are relatively rare (Ebenesersdóttir et al., 2018, pp. 1028–1029; Eldjárn, 2016; Gestsdóttir, 1998; Maher, 2007, pp. 153, 158). Human male and female skeletons are equally likely to be buried with a horse (Leifsson, 2018, p. 303). In the burials analysed in this study, sex could not be determined for 12 of the 21 human burials found associated with horse burials due to bad preservation or because the human bones were not preserved. Of those that could be sexed, eight were sexed as males or probable males and only one as female (the skeleton from Dalvík (Brimnes) burial XIII; Gestsdóttir, 1998). Most of the human skeletons that could be aged were between 35-45 years, but two skeletons come from young individuals (Álfsstaðir and Hemla) and one individual was over 46 years old (burial I at Ytra Garðshorn) (Gestsdóttir, 1998). For further details, see Table S1. 


[bookmark: _Toc530053651]2.1.1 Álfsstaðir
During bulldozing for road construction in 1945 a human skeleton was found at Álfsstaðir along with grave goods including two spears and an axe. The burial was excavated by Kristján Eldjárn, but had been badly damaged (Eldjárn, 2016, pp. 79–81). Bones from two horses were recovered, although the majority came from a single 12-year old horse sexed as male based on pelvic morphology and the presence of canines. The 81 elements recovered probably belong to this 12-year old horse, but an extra left scapula and humerus with slightly different weathering were also included in the box (Leifsson, 2018, pp. 70–71).
[bookmark: _Toc530053652]2.1.2. Berufjörður
One of the four burial grounds known from the Berufjörður area was partially excavated by Daniel Bruun in 1898 but documentation of the site is poor and no human bones were recovered (Eldjárn, 2016, pp. 109–112). A cigar box containing eight horse teeth from a 5-year-old individual is kept at the NMI and no other horse elements from this burial are preserved. It is unclear whether the horse bones are directly related to a human burial since the majority of the burials investigated by Bruun in Berufjörður were empty (Leifsson, 2018, pp. 86–88, 373). The horse could not be morphologically sexed since neither canines nor pelvis were preserved (Leifsson, 2018, p. 373). Radiocarbon dating of one of the horse teeth analysed in this study indicated an age of cal AD 890-1015 confirming the Viking Age date of the material (Supplementary material, Table S2).
[bookmark: _Toc530053653]2.1.3. Dalvík (Brimnes)
Dalvík (Brimnes) was excavated by Daniel Bruun and Finnur Jónsson in 1909. They found and recorded 13 graves and in 1942 an additional grave was found on the site during construction (Eldjárn, 2016, p. 170). Horse bones from two burials from this site were sampled. Burial II was that of a human male 36-45 years of age buried with a horse by his feet (Eldjárn, 2016, p. 170; Gestsdóttir, 1998, p. 10). 115 bones from the horse representing all areas of the body were preserved. The horse was 4-5 years old and identified as a likely male based on pelvic morphology, but the pelvis was badly preserved. The horse in burial II was likely buried with a saddle (Leifsson, 2018, pp. 118–119). Burial XIII is the biggest burial mound recorded in Iceland, including a woman with jewellery and a horse (Eldjárn, 2016, pp. 169–170). Human bone from burial XIII has been radiocarbon dated to cal AD 978-1027 (1σ) (ARR-5860) (Sveinbjörnsdóttir et al., 2010, p. 686). 158 elements were preserved from the horse skeleton in burial XIII. The pelvis of the horse was too fragmented for sexing and no canines were found (Leifsson, 2018, pp. 129–130).
[bookmark: _Toc530053654]2.1.4. Dalvík (Böggvisstaðir)
Dalvík (Böggvisstaðir) was poorly documented and only one of the 4-5 burials at the site was excavated by an archaeologist. In 1937 Mattías Þórðarson excavated a disturbed boat burial, from which the human bones had been removed and the horse bones were no longer in situ but mixed and mostly disarticulated in the northern end of the burial (Leifsson, 2018, pp. 131–132). A total number of 338 horse elements were recorded from the site. The minimum number of individuals (MNI) for the boat burial is 3-4 horses, mixed between three separate boxes. The uncertainty in MNI is due to poor cataloguing of the assemblage after excavation in 1937. Two of the horses were likely around 5 years old while a third horse was probably over 20 years old. The MNI of 3 in the boat burial is based on metacarpals, first phalanges, tibiae, ulnae and incisors. Of those, two are identified as male based on the presence of canine teeth. A metacarpal from a box representing a poorly catalogued part of the assemblage raises the MNI to 4 (Leifsson, 2018, pp. 132–133). For the present study we sampled a loose lower molar from one of the younger horses from the secure context.
[bookmark: _Toc530053655]2.1.5. Enni
The Enni burial was excavated from an eroding gravel mine in 1935 by Matthías Þórðarson. A badly preserved and disturbed human burial was found (Þórðarson, 1936, pp. 35–36). A total of 78 horse elements were recovered, but it is unclear if the horse bones come from the same grave as the human bones or if they are part of a separate burial event. The horse was full-grown and metal fragments, possibly from a saddle were found in the horse burial. The horse bones were too fragmented for morphological sex determination (Leifsson, 2018, p. 107).
[bookmark: _Toc530053656]2.1.6. Eyrarteigur
At Eyrarteigur (Þórisá) a burial was discovered and excavated in 1995 by Steinunn Kristjánsdóttir. The burial contained a 30-40-year-old human male with rich grave goods including a sword, an axe, a ring pin, a soapstone vessel, and a horse with harness and saddle. The grave can be closely dated due to a coin found in the burial dating to AD 955-975 and radiocarbon dating of a horse bone to cal. AD 935-1015 (1σ) (Eldjárn, 2016, pp. 231–232). 135 horse elements were recovered from the burial. The horse was approximately 4 ½ years old and identified as male based on the presence of canines as well as the pelvis shape (Leifsson, 2018, pp. 215–216).
[bookmark: _Toc530053657]2.1.7. Garðsá
At Garðsá two separate burials of a human and a horse were discovered during gravel mining in 1952. The human burial is 12-15m from the horse burial, and both had been disturbed by mining activities in the past. The horse burial was covered with stone and it is possible that associated human bones had been removed previously. 57 elements from the horse were recovered. The horse was over 20 years old and was identified as male based on the presence of canines as the pelvis was too fragmented for sexing. The horse was buried with a saddle (Leifsson, 2018, pp. 135–136).
[bookmark: _Toc530053658]2.1.8. Grímsstaðir
The burial site of Grímsstaðir including both human and horse remains was discovered during road construction on 1967 and excavated by Gísli Gestsson (Leifsson, 2018, p. 172). The connection between the horse and human burials is not known and the road construction likely damaged the site (Leifsson, 2018, pp. 172–174). There are discrepancies between the data recorded at the site and the bones that are stored in the NMI. The records note a single horse burial with two horses, while analysis of the horse bones gave a MNI of seven with a total of 359 horse elements recorded. At least two individuals were between 2 ½ -3 years old, four individuals between 4-7 years old and at least one was a mature individual (Leifsson, 2018, pp. 177–178). Several canines were recovered and sockets for canines were observed in both maxillary and mandibular fragments (Leifsson, 2018, p. 424). Due to the discrepancies between the documentation of the site and the material found at NMI withers height could not be calculated for individual horses but the nine bones that give withers height give a range from 1.29-1.37 m (Leifsson, 2018, p. 178). The maxillary molar sampled for DNA analyses cannot be connected to a specific horse.
[bookmark: _Toc530053659]2.1.9. Hemla
At Hemla an adolescent human skeleton with spears, and an axe started eroding out of a hillside and in 1930 the site was investigated by Matthías Þórðarson, (Þórðarson, 1932). The human skeleton could not be sexed but the accompanying artefacts indicated it was likely male (Gestsdóttir, 1998, p. 12; Leifsson, 2018, pp. 63–64). At least two horses were buried at the site in separate burials, both of them harnessed. A total of 185 horse elements were found at the site, but the skeletons of the two horses were mixed in two boxes at the NMI so not all elements could be assigned to a specific individual. One horse was 1½-2 years old and the other full-grown. Both were sexed as male based on pelvic morphology but the identification was less clear for the younger individual. The association of the younger horse with the human burial is unclear (Leifsson, 2018, pp. 64–65). In the present study we sampled the molar from the maxilla of the older horse, which is likely the one associated with the human burial (Leifsson, 2018, pp. 64–65).
[bookmark: _Toc530053660]2.1.10. Stafn
In 1933 Matthías Þórðarson excavated two graves at Stafn containing a human and a horse, respectively. The association between the two graves is unclear. The human burial had been disturbed, and contained a human skeleton from a male that had been buried with a sword (Gestsdóttir, 1998; Þórðarson, 1936, pp. 30–32). The horse burial was well preserved, but only 13 elements from the horse were brought back to the NMI. The horse was identified as male based on the presence of a canine. It was 4-5 years old and was likely buried with a saddle (Leifsson, 2018, p. 99).
[bookmark: _Toc530053661]2.1.11. Sturluflötur
Sturluflötur was a single human and horse burial excavated by Daniel Bruun in 1901. The human burial was badly preserved due to wind erosion, but a single bead and knife where found (Eldjárn, 2016, p. 224). Initial analysis of the human bone from the site indicated that they were from a middle aged individual possibly a woman (Eldjárn, 2016, p. 224) but a later reanalysis could not determine age or sex (Gestsdóttir, 1998). Strontium isotope analysis of the human bone has shown that the skeleton comes from an immigrant (Vésteinsson and Gestsdóttir, 2016, p. 140). The horse bones were very well preserved and the horse had been buried with a harness and saddle in a burial covered with a heap of stones and was well-preserved (Leifsson, 2018, p. 214). Daniel Bruun sent part of the horse skeleton (skull, teeth, vertebra, foot bone and limb bone fragments) to Herluf Winge at the Zoological Museum in Copenhagen for analysis. The bones that are still in Copenhagen are all fragmented and badly preserved (Kristian Murphy Gregersen pers. comm. 17.02.2017). Only eleven bones are stored at the NMI and the horse could not be sexed based on these elements (Leifsson, 2018, pp. 214, 458).
[bookmark: _Toc530053662]2.1.12. Tindar
The Tindar burial was found during road construction in 1937 and subsequently excavated by Matthías Þórðarson. Both the human and horse bones were disarticulated and the burial had likely been disturbed in the past as well as badly damaged by roadwork. The human bones were poorly preserved but a spear and ringed pin were found (Eldjárn, 2016, pp. 129–130). The horse bones were well preserved, but only eleven elements from the horse skeleton were kept at the time. The horse was over 20 years old and unusually tall with a height of 1.43 m. It was identified as male based on the presence of canines (Leifsson, 2018, p. 100).
[bookmark: _Toc530053663]2.1.13. Traðarholt
The investigation of the burial ground at Traðarholt represents one of the early antiquarian excavations in Iceland and the site is mentioned in two 13th century sources (Leifsson, 2018, p. 74). The Traðarholt burials were excavated by Sigurður Vigfússon in 1880 (Vigfússon, 1882). There were four burial mounds at the site. In burial mound II an unsexed human was buried with a horse by their feet. 24 horse elements from the skull, vertebra and hindquarter were preserved. The horse was between 4-5 years old and identified as male based on pelvic morphology, and an iron bridle bit was found with the horse bones (Leifsson, 2018, pp. 74–75). Burial mound III contained a human, a dog and a bridled horse. A shield boss was found in the burial along with metal and wood remains. 35 horse elements survive from this burial. The horse was estimated to be around six years old and its height 1.39 m (Leifsson, 2018, p. 76). There was no surviving pelvis or canine teeth to enable sexing of this horse (Leifsson, 2018, p. 75).
[bookmark: _Toc530053664]2.1.14. Ytra-Garðshorn
Ytra-Garðshorn is a burial ground excavated between 1954 and 1958 by Kristján Eldjárn. A total of 10 burials were excavated and eight included horse bones (Eldjárn, 2016, p. 153; Leifsson, 2018, p. 152). We sampled three horses from burials I, VII, and X. Burial I included a human male (>46 years) with two horses (143 elements), some beads, a chess piece and scale weight. The horses were of different stature and age, and we sampled the younger (approx. 5 years), larger animal (height of 1.34 m). One pelvis could be sexed as male but it is not certain if it belonged to the younger or older horse (Leifsson, 2018, pp. 152, 157–158). Burial VII contained a 10-year-old horse that was buried with a harness. 25 horse elements were recorded but no canines or pelvis fragments were among the bone material from the burial preserved at the NMI (Leifsson, 2018, p. 161). A number of weights were found in the burial, but the human bone was badly preserved (Eldjárn, 2016, pp. 159–160). In burial X the human bones had been removed, but beads and wooden remains were found (Eldjárn, 2016, pp. 161–162). The horse skeleton was in excellent condition at the time of excavation but only ten elements from it were kept. The horse was likely buried with a saddle and was approximately 10 years old. No fragments of a pelvis or canine teeth from this burial are preserved at the NMI (Leifsson, 2018, pp. 163–164).

[bookmark: _Toc530053665]2.1.15. Ytra-Hvarf
At Ytra-Hvarf a burial with two horses was excavated in 1949 after a chance find during road construction. A broken spear was found in the burial, but no human bones were recovered and there was evidence of past disturbance of the burial (Eldjárn, 2016, p. 151). The burial contained two horses, represented by 41 elements, that were likely buried with harnesses and saddles. The younger horse was 7-8 years old and the other 13-15 years old, but neither could be sexed from the elements preserved at the NMI (Leifsson, 2018, pp. 164–165). For this study we sampled the lower molar from the younger horse.

[bookmark: _Toc530053666]2.2. Farm site
[bookmark: _Toc530053667]2.2.1. Granastaðir
Granastaðir in Eyjafjörður is a Viking Age farm site dating to the 10th century. The site was excavated between 1987 and 1991 by archaeologist Bjarni F. Einarsson. Granastaðir is interpreted as a single occupation farm site, dated through tephrochronology, radiocarbon dating, and artefacts (Einarsson, 1995; Schmid et al., 2017 supplement). The well-preserved archaeofauna, with 5495 animal bone fragments recorded, has been completely analysed with 1657 number of identified specimens (NISP) recorded. Identified bones were from cattle, sheep, goat, horse, pig, and a variety of wild species. A total of 54 horse bones were recovered at the site, equating to 3.26% of the total NISP and 4.4% of the NISP from domestic species (Amorosi, 1996, pp. 346, 728; Amorosi and McGovern, 1995), which is an unusually high ratio of horse bones for an Icelandic Viking Age farm site (Leifsson, 2018, pp. 263–264). However, the animal bone collection from Granastaðir was not sieved and it is unclear if a systematic retrieval strategy was used. 
Butchery marks were found on horse bones and they were interpreted as evidence of horse meat consumption at the site (Amorosi, 1996, pp. 346, 728; Amorosi and McGovern, 1995). Height could not be calculated from any of the Granastaðir horse bones. The publication does not give a full element list but there is no mention of canines or pelvis fragments so there is no morphological information about the sex of the Granastaðir horses (Amorosi, 1996, pp. 345–346, 733). Two teeth were sampled from this site, an incisor and an upper molar (Table1). The molar was also sent for radiocarbon dating and returned a date of cal AD 895-1025 (Supplementary material, Table S2).

[bookmark: _Toc530053668]2.3. Cave site
[bookmark: _Toc530053669]2.3.1. Leynir cave
The Leynir cave site was found by cave explorers in 2014 (Magnússon, 2014) and subsequently investigated by archaeologists from The Cultural Heritage Agency of Iceland. The cave was briefly occupied during or shortly after the Viking Age. It contains a hearth with associated cooking stones for heating water and a sleeping area. A number of horse long bones, but no pelvis fragments or canine teeth, from a single individual were found on the cave floor close to a hearth representing food remains (pers. comm. Rúnar Leifsson). Horse bone from the site has been radiocarbon dated to cal. AD 1022-1155 AD and 983-1151 (Supplementary material, Table S2).

[bookmark: _Toc530053670]3. Table S1. Sample information
Detailed information about horse bones sampled, date of find, find circumstances and basis of morphological sexing information. Information about find circumstances from Eldjárn (2016). Typological dates from Leifsson (2018, p. 291). Sex and age of human bones from Gestsdóttir (1998). Zones of the pelvis follow the York system (Harland et al., 2003). Withers height calculated following May (1985).

Excel file available online.
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[bookmark: _Toc530053671]4. Table S2. Radiocarbon dates
Radiocarbon dates obtained in this study. The Leynir cave dates are provided by The Cultural Heritage Agency of Iceland. All dates are calibrated to OxCal4 (Bronk Ramsey, 2009). The bones from Leynir cave sampled for dating are not the same as calcaneus VHR105 that was used for DNA analysis.

	UiO aDNA lab number
	Site
	Species
	Element
	National Museum of Iceland number
	Laboratory Code
	Radiocarbon Age BP
	δ¹³C relative to VPDB
	δ¹⁵N relative to air
	C/N ratio (Molar)
	Calibrated date (95% probability)

	VHR031
	Granastaðir
	Equus caballus
	Molar 3, upper
	2011-49-252
	SUERC-75061 (GU44936)
	1060 ± 33
	-22.1 ‰
	1.3 ‰
	3,1
	AD 895-1025

	VHR094
	Álfsstaðir
	Equus caballus
	Molar, lower
	13478
	SUERC-75062 (GU44937)
	1090 ± 33
	-21.8 ‰
	0.5 ‰
	3,0
	AD 891-1016

	VHR102
	Berufjörður 1898
	Equus caballus
	Molar, upper
	4489
	SUERC-75063 (GU44938)
	1094 ± 33
	-22.0 ‰
	2.5 ‰
	3,1
	AD 890-1015

	
	Leynir cave
	Equus caballus
	Calcaneus
	Sample 1 - from cave floor
	SUERC-58722 (GU36719)
	956 ± 31
	-22.3 ‰
	2.0 ‰
	3,3
	AD 1022-1155

	
	Leynir cave
	Equus caballus
	Astragalus
	Sample 2 - from cave floor
	SUERC-58723 (GU36720)
	1002 ± 28
	-22.2 ‰
	2.3 ‰
	3,2
	AD 983-1151







[bookmark: _Toc530053672]5. Table S3. Read characteristics of negative controls. 
We report the numbers of unique reads that mapped post filtering to the EquCab 2.0 genome; the ratio of coverage of the X chromosome to the mean autosome coverage (X:A); the ratio of coverage of the Y chromosome to the mean autosome coverage (Y:A) and the percentage of endogenous DNA recovered. The files are available under ENA project number PRJEB29661.

	
Sample
	ENA accession
	Mapped reads
	X/autosome ratio
	Y/autosome ratio
	Endogenous DNA (%)

	AG085ENC
	ERS2890518
	62
	0.27
	0
	0.02

	HN064ENC
	ERS2890517
	258
	0.32
	0
	0.04

	HN066ENC
	ERS2890519
	32
	0.42
	0
	0.02





[bookmark: _Toc530053673]6. Figure S1. Ancient DNA fragmentation and mis-incorporation patterns

[image: ]

Figure S1. Overlap of MapDamage (Jonsson et al., 2013) profiles generated for the 22 Viking Age horse specimens in this study showing post-mortem damage consistent with expected depurination and cytosine deamination signatures for aDNA.



[bookmark: _Toc530053674]7. Figure S2. The robustness of classifying genetic males assuming cross-sample contamination

[image: ]
Figure S2. Ratio of X chromosome to mean autosome coverage (X:A) for a female specimen (VHR105) contaminated with 10% male reads (VHR102). This 10% contamination rate is the maximum observed rate based on our negative controls. The artificially contaminated BAM file was down-sampled from 20 000 to 500 reads in 500 reads increments. At each interval the down-sampling is iterated 20 times to generate a confidence distribution. Box plots represent the median (solid line), the 25th and 75th percentiles (box) and the entire range (dotted lines) of the X:A ratio at each read interval bin. The X:A ratios of five male individuals (red stars), with low endogenous DNA content (< 2.4%) and read number (< 20 000) fall outside the ratio range of the artificially contaminated female, showing that these specimens are not misclassified females.
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