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Abstract: In 2021, we published the results of genomic analyses carried out on the famous bishop
of Lund, Peder Winstrup, and the mummified remains of a 5-6-month-old fetus discovered in the
same burial. We concluded that the two individuals were second-degree relatives and explored the
genealogy of Peder Winstrup to further understand the possible relation between them. Through
this analysis, we found that the boy was most probably Winstrup’s grandson and that the two were
equally likely related either through Winstrup’s son, Peder, or his daughter, Anna Maria von Bohnen.
To further resolve the specific kinship relation, we generated more genomic data from both Winstrup
and the boy and implemented more recently published analytical tools in detailed Y chromosome- and
X chromosome-based kinship analyses to distinguish between the competing hypotheses regarding
maternal and paternal relatedness. We found that the individuals’ Y chromosome lineages belonged
to different sub-lineages and that the X-chromosomal kinship coefficient calculated between the two
individuals were elevated, suggesting a grandparent-grandchild relation through a female, i.e., Anna
Maria von Bohnen. Finally, we also performed metagenomic analyses, which did not identify any
pathogens that could be unambiguously associated with the fatalities.
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1. Introduction

Peder Pedersen Winstrup (1605-1679) was a prominent figure in the Protestant church
and was an accomplished scholar. He lived in both Denmark and Sweden at various
stages of his life, and, following his demise, he was interred in Lund Cathedral [1-3].
In the early 19th (and then 20th) century, his coffin was unsealed, and there have been
accounts of remarkably well-preserved remains. (Figure 1A). In 2012, when Winstrup’s
coffin was being moved to a cemetery outside the church, an opportunity arose to initiate a
multidisciplinary research project in collaboration with the church, the Historical Museum,
and Lund University [3]. The project involved various analyses of Winstrup’s remains and
the contents of his coffin, including CT scanning and X-ray, genetic and epidemiological
analyses, and examinations of his clothing, artifacts, and the plant and insect remains found
in the coffin (e.g., [3-5]).
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Figure 1. (A) Mummified body of bishop Peder Winstrup in his coffin; (B) the bundle containing

mummified remains of the fetus and a CT scan image of the contents; (C) genealogical reconstruction
of Peder Winstrup’s family tree. Images adapted from [1].

In the course of extensive research, mummified remains of a 5-6-month-old human
fetus placed below Winstrup’s right tibia were discovered [3] (Figure 1B). The surprising
find sparked a discussion concerning the possible kin relationship between Winstrup
and the fetus. As it was fairly common for children to be buried with unrelated adult
individuals during the Middle Ages [6,7] it was deemed highly probable the two were
unrelated. This appeared especially plausible as the fetus was seemingly hurriedly placed
in the coffin, hidden underneath the silken lining and displacing the bishop’s legs in the
process. However, seeing that the coffin was placed in a vaulted family tomb, it could not
be ruled out that the fetus was placed in the coffin sometime later, possibly by a relative of
Peder Winstrup.

We have explored the question using genomic data and concluded the two were
second-degree relatives [1]. Detailed genealogical analyses of the bishop Peder Winstrup’s
family tree (Figure 1C) revealed the most feasible 2nd-degree-kin relation in this case
would be that of grandparent-grandchild. As Peder himself had both daughters and a son,
we were unable to distinguish conclusively between the maternal and paternal relation
using the tools implemented at the time. To further enhance the analyses, we generated
more sequencing data from the best performing libraries and used a novel approach to
Y chromosome identification. We also estimated kinship between two individuals using
two recently developed tools, KIN [8] and NgsRelate [9], where the latter allowed us to
focus on X chromosomal degree of relatedness (NgsRelate). Furthermore, we performed
metagenomic screening with aMeta [10]. This second analysis provided new insights into
the kinship relation of the individuals.
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2. Materials and Methods
2.1. Wet Laboratory Processing

The sample handling and processing procedures, outlined in detail in [1], were con-
ducted as part of the earlier published study. In brief, the steps involved anthropological
analysis utilizing a CT scan generated at Lund University Hospital [5]. The DNA was
extracted from the right femur of the Bishop and the left femur of the fetus. Both bones
had traces of desiccated soft tissue (periosteum), which was also used in a separate DNA
extraction. The procedure was undertaken at the clean ancient DNA facilities at the Archae-
ological Research Laboratory, Stockholm University. Samples were decontaminated via
UV irradiation (254 nm) at approximately J/cm? per side. The hard tissues (bones) were
drilled with a Dremel tool at 5000 rpm, while fragments of soft tissue were removed with
decontaminated forceps. Thereafter, the DNA was extracted from 93 mg (Winstrup) and
46 mg (fetus) of bone powders and from 7 mg (Winstrup) and 8 mg (fetus) of collected
fragments of soft tissue covering the skeletal elements sampled.

We used our standard DNA extraction and purification protocols [11,12], followed by
preparation of double-stranded DNA libraries [13] and qPCR validation. The libraries were
indexed in a 3 x 50 uL PCR reaction. Finally, libraries were purified with magnetic beads
(AmPure XP, Beckman Coulter, Indianapolis, IN, USA) and quantified on a bioanalyzer
(Agilent Technologies™, Sundbyberg, Sweden). The libraries were shotgun-sequenced
both on the Illumina HiSeq X and the NovaSeq 6000 (Illumina, Inc., San Diego, CA,
USA). All sequencing was performed at the SciLifeLab DNA NGI sequencing facility,
Stockholm, Sweden.

2.2. In Silico Processing

After de-multiplexing at NGI (https:/ /github.com/NationalGenomicsInfrastructure/
ngi_pipeline (accessed on 6 June 2021)), the forward and reverse pair-end fastq reads were
merged with 11 bp overlap and trimmed with cutadapt v. 2.3, Adapter Removal v. 2.1.7 [14],
or MergeReadsFastq_cc.py script [15]. The BWA aln (-1 16500 -n 0.01 -0 2) v. 0.7.13 [16]
was used to map the sequences to the human reference genome build 37 (version hs37d5),
and the FilterUnigSAMCons_cc.py [15] was used for PCR duplicate removal. A minimum
matching of 90% to the reference genome, a minimum read length of 35 bp, and a minimum
mapping quality of 30 were requirements for reads to be incorporated in further analyses.
The individual sex was estimated using Ry ratio [17].

We verified the presence of aDNA templates [18-22] using PMDtools [23]. Finally,
the levels of contamination were measured both in the mitochondrial DNA [24,25] and in
the X chromosome (Angsd; [26]). Mitochondrial DNA (mtDNA) haplogroups were called
using HaploGrep 2.1.16 [27] on consensus mtDNA genomes generated with mpileup and
samtools software (version 1.5) [28], including only sequences of a minimum mapping
score and base quality of 30.

2.3. 'Y Chromosome Analyses

For Y chromosome lineage identification, we adopted a two-fold approach: we used
the newly published pathPhynder method [29] and the methodology utilized by the R&D
Team at FamilyTreeDNA (FTDNA) specializing in Y-chromosomal analyses and Y tree re-
finement. The latter approach involved putting less weight on SNPs in certain parts of the Y
chromosome and also to G>A and C>T mutations in aDNA, while considering all published
and unpublished SNP variants available in the FTDNA database. The methodology was
earlier described in [30]. In short, Y chromosome reads were aligned to hg38 using BWA-
ALN, while mapDamage2.0 was used to downscale the base quality of transitions in aDNA
reads. Thereafter, base and map qualities of 30 were used in variant calling. Haplogroup
assignment was completed by identification of known branch-defining variants while
putting less weight on non-private mutations identified as highly recurrent variants in ei-
ther modern and ancient datasets and on variants occurring in problematic Y chromosome
regions (e.g., the centromere, DYZ19 repeat, and Yq12 heterochromatic region).
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Secondly, we used pathPhynder (2020-12-19-b8532c0) best path method with BigTreeY
SNP data provided with the program (BigTree.Y.201219.vcf.gz) [29]. We first trimmed the
sequencing reads 10 bp at both ends and used both transitions and transversions in the
“best path method” with default settings, i.e., base quality of 20, mapping quality of 25,
and removing singleton transversions. We then used untrimmed BAM files, restricting
the analyses to only transversion SNPs. We ran the analyses twice, setting the maximum

number of alternative alleles tolerated while traversing the tree to the default 3 and to a
very broad 100 (Table S3).

2.4. Kinship Analysis

In order to estimate kinship between the studied individuals, first we used NgsRe-
late software (version 2.0) [9]. We ran NgsRelate using BAM files as input with default
parameters using a panel of 1,554,712 autosomal transversion SNPs from the Estonian
Genome Diversity Project (EGDP) [31]. We calculated population allele frequencies from
two different datasets of individuals from various archeological contexts in Sweden: Viking
Age to Medieval dataset (n = 163) dataset covering three different sites, i.e., Sigtuna (n = 64),
Fjalkinge (n = 11), and Vasterhus (n = 88) [7,32], and a 17th century dataset (n = 44) [33].
All samples in the ancient reference panels were generated in a similar manner as the
individuals tested here. We also tested different SNP filtering with various settings, in-
cluding with minimum allele frequencies of 0.15 (15%), 0.10 (10%), and 0.05 (5%), using
the above-mentioned ancient DNA reference panels. Secondly, we used KIN [8] to further
verify the degree of relatedness between the tested individuals (Table 54).

Finally, to infer pedigree relationship between 2nd-degree related individuals, we ran
NgsRelate on X-chromosomal loci using a panel of 74,045 transversion SNPs from EGDP,
following the same method described above.

2.5. ROH

Elevated consanguinity levels can influence kinship coefficients (k0, k1, k2) [34], there-
fore it is important to take this information into account before inferring kinship relations.

We employed hapROH (v 3.0), a software developed by Ringbauer et al. in 2021, to
compute regions of homozygosity (ROH) in ancient DNA data. We executed hapROH
following the guidelines provided by the authors at https://pypi.org/project/hapROH/
(accessed on 15 November 2023) [35].

2.6. Metagenomic Analyses

The metagenomic screening was performed using an aMeta v.1.0.0 pipeline [10].
We restricted the analyses to the first step, which involved using a KrakenUniq k-mer
classifier [36]. This allowed to screen for potential pathogenic microbes using a custom
query database containing all NCBI NT microbial sequences (bacteria, fungi, and viruses)
and selected eukaryotic genomes [10]. KrakenUniq outputs were then filtered to exclude
microbial species with less than 1000 k-mers and 200 taxReads to minimize false positives.
Based on the outputs, we calculated k-mer to taxReads proportion and used a conservative
cut-off of 9 and average read length below 120 bp as means to identify authentic ancient
microorganisms (Table S6).

The computations were performed on resources provided by NAISS/SNIC from the
Uppsala Multidisciplinary Center for Advanced Computational Science (UPPMAX) [37].

3. Results

As previously described, we generated and merged data from bone and soft tissue.
For resequencing, we used libraries generated from bone samples as they had higher
indigenous content then the soft tissue [1]. We sequenced the two libraries in 1/13 of a
NovaSeq 54 lane, resulting in an additional 2,890,673 reads in win001 and 12,147,341 reads
in win002. In accordance with published protocols, we used the consistent mtDNA results
obtained across different extractions and library builds as proof of sample integrity and
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then merged the total of nine files for each of the two individuals tested, resulting in the
final genome coverage of 0.78 x for the adult and 0.98 x for the fetus. Mitochondrial DNA
(mtDNA) coverage varied significantly and was 9487.38 x in the adult and 812.27x in
the fetal remains. MtDNA haplogroups were assigned using HaploGrep 2 (v2.4.0) [27],
confirming that the two males were carriers of different mitochondrial DNA lineages
(Tables 1 and S3).

Table 1. Summary statistics.

Sample_ID

Genome
Coverage

MEDNA Biol. MtDNA pathPhynder
Coverage Sex Hg FTDNA Y Hg Y Hg

Winstrup

0.79

9487.38 XY H3b7 R-Z209 (R-BY54766) Rlblalblala2alalal~

Fetus

0.96

812.27 XY Ubalal + 152 R-DF17 (R-BY1806) Rlblalblala2ala2~

3.1. Y Chromosome Analyses

The Y chromosome was assigned using the FTDNA algorithm and the best path
pathPhynder method (Tables 1 and S3) [29]. As a result of additional sequencing, we
generated 25,398 more Y chromosome reads (a 7.5% increase) for individual win001 and
100,301 more reads (36.9% increase) for individual win002. The first approach, relying on
detailed analyses of presence and absence of branch-supporting SNPs, showed that, other
than carrying SNPs supporting different branches, win001 was negative for four of the
R-DF17 SNPs, while win002 was negative for four of the R-Z209 SNPs (Table S3).

The pathPhynder (2020-12-19-b8532c0) best path method results suggested that win001 be-
longed to lineage Rlblalblala2 or Rlblalblala2alalal~, while win002 belonged to
Rlblalblala2ala2~, pointing to the possibility of the lineages being different (Tables 1 and S3).

3.2. Kinship Analyses

In order to better understand previously detected kinship, we employed additional
previously not used tools, KIN [8] and NgsRelate [9], to estimate the degree of relatedness
and possible pedigree relationship between the two individuals. For the NgsRelate allele
frequency estimation, we used various ancient genomic reference datasets, all consisting
of genomic data generated from ancient samples from Sweden dated to the medieval
period (n = 163) and the 17th century (n = 44) [7,32,33]. Finally, we assumed a minimum
of 5000 overlapping SNPs as a cut-off value, as this has been shown to be a reliable and
conservative value allowing for kinship estimation up to the third-degree [38]. Based
on obtained autosomal kinship coefficients (6) (0.09-0.15), associated kO (0.31-0.58), k1
(0.36-0.56), and k2 (0.08-0.01) values (Tables 2 and S4), and results from KIN (Table S5),
we noted that the two individuals were most probably second-degree relatives, as shown
earlier [1]. The X-chromosomal kinship coefficient (f) calculated with NgsRelate resulted in
elevated values (0.40-0.48), consistent with relatedness through a female (Table S4).

Table 2. Summary results of NgsRelate analyses testing the kinship relation between Peder Winstrup
and the fetus with two different reference populations from Sweden: medieval (n = 163) and 17th
century (n = 44) [7,33].

Reference
Panel

NgsRelate
(Autosomal

Chromosomes)

NgsRelate (X
Chromosome)

N

Maf

# SNPs kO k1 k2 0 # SNPs 0

163

0.05

485,784 0.35663 0.521772  0.0178331  0.150689 6293 0.490875

44

5

437,721 0.608852 0.364639 0.010957 0.09666 4529 0.406657
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3.3. ROH

We executed hapROH following the authors at https:/ /pypi.org/project/hapROH/
(accessed on 15 November 2023) [35]. Our findings revealed that neither of the two analyzed
individuals exhibited cumulative ROH lengths exceeding 3 cM.

3.4. Metagenomic Analyses

We performed metagenomic screening using an aMeta pipeline [10]. First, we gener-
ated KrakenUniq outputs [36] for individual libraries (Table S6). Numerous potentially
pathogenic species were identified in the initial screening step. We then used a stringent fil-
tering step to select the most probable ancient pathogens (k-mer to taxReads proportion > 9)
before continuing with MALT [39]. As no unusual human pathogens were identified in
any of the sequenced libraries after implementing the ratio threshold, the MALT database
and mapping steps were omitted.

4. Discussion

Our previous findings suggested a second-degree relatedness (i.e., half-siblings, uncle—
nephew, grandfather-grandson) between the fetus and bishop Peder Winstrup. As the two
did not share maternally inherited mitochondrial DNA (H3b7 vs. U5alal + 152, Tables 1
and S3A) the kin relation could only be paternal if we considered Winstrup’s family history
(Figure 1C). Peder had four sisters, all of whom married and settled in Zealand, and a
brother [40], who died unmarried in 1633. We therefore excluded an uncle-nephew relation,
as the infant could not have been any of Winstrup sisters’ child, otherwise they would
share mtDNA, while his brother, Elias, likely fathered no children at all. Furthermore,
since both Winstrup’s parents died decades before him, we considered the possibility of
a half-sibling relation as highly unlikely. The most parsimonious explanation is that the
fetus was Winstrup’s grandson. In this case, the likely connection would be either through
daughter Anna Maria von Bohnen or son Peder, both of whom were married and lived in
Lund. As members of the bishop’s immediate family, they would also likely have access to
the family crypt.

To test this hypothesis, we first reanalyzed the Y chromosome haplotypes and showed
that win001 belonged to lineage R-Z209 (R-BY54766), while win002 was confirmed to
belong to R-DF17 (R-BY1806). Both are different lineages of R-Z274, which are estimated to
be about 4100 years old. The findings were further confirmed by results from pathPhynder,
suggesting the two lineages were closely related but not identical, i.e., Rlblalblala2alalal~
(win001) and R1blalblala2ala2~ (win002) (Tables 1 and S3B,C). This finding would align
better with the explanation that win002 was more likely one of Peder Winstrup daughters’
children. Therefore, we next used NgsRelate and KIN software to estimate autosomal 6, and
NgsRelate to estimate X-chromosomal 6 between the two individuals. We inferred this pair
as grandfather—grandson due to their relatively high X-chromosomal 6 (Tables 1 and S4).
We also noted that X-chromosomal 6 (0.40) between the two individuals was higher than
expected; however, this higher value of the X-chromosomal 6 could be explained by
randomness in recombination, as the value of 0.25 represented the average expectation [34].
Similarly, inflated X-chromosomal 6 could potentially reflect the overall smaller number of
SNPs from the X chromosome. However, this value would be null if the two were related
through Peder junior. An alternative explanation of the observed elevated X-chromosomal
6 could involve inbreeding; however, hapROH analysis revealed there were no notable
levels of inbreeding in the parents of the bishop and the fetus.

Taken together, the evidence suggests it is likely that the child was that of Anna Maria
von Bohnen. Anna Maria died in 1684, only five years after Winstrup, and, in 1837, it
was discovered by Nils Henrik Lovén that she likely died during childbirth [3]. If the boy
was indeed Anna Maria’s, his remains may have been placed in the coffin sometime after
Winstrup’s death.
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Finally, the metagenomic screening did not detect any unusual pathogenic species.
Although the femur is not an optimal skeletal element for mining for ancient bacteria, we
performed the aMeta screening to obtain a general microbiological profile of the tested
samples. We identified numerous environmental microorganisms and plant pathogens,
which could probably be associated with the decaying plant material deposited in the
coffin. We also found a number of potentially pathogenic strains known to cause infections
in humans, many of which are a usual part of human microbiota (oral, gut, and skin
flora) or are widespread in the environment, i.e., Histoplasma capsulatum, Nocardia nova,
Nocardia otitidiscaviarum, Staphylococcus aureus, Staphylococcus epidermidis, Acinetobacter
johnsonii, Enterococcus faecalis, Streptococcus sanguinis, Acinetobacter lwoffii, and numerous
species of Pseudomonas, etc. (Table S6). Perhaps unsurprisingly, we found no evidence
of Mycobacterium tuberculosis, despite the fact Sabin et al. (2020) [41] used samples taken
from Peder Winstrup to generate the highest coverage ancient genome of Mycobacterium
tuberculosis to date. This false negative emphasizes the difficulties associated with ancient
metagenomic analyses and the need for appropriate sampling strategies when attempting
to investigate specific diseases. Here, samples taken from the femur vs. the lung nodule
resulted in significantly different microbiological profiles.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /heritage7020027/s1, Table S1. Updated sequence statistics; Table S2.
Contamination estimates of merged genomic libraries from individuals presented in this study;
Table S3. Uniparental haplogroup estimates; Table S4. NgsRelate results summary; Table S5. KIN
analysis results where the two tested individuals were compared to the 17th century reference panel
(N = 44); Table S6. KrakenUniq results and metrics obtained from the different genomic libraries.

Author Contributions: Conceptualization, M.K,, J.S., A.G., TA. and C.A A ; methodology, G.R.,, M.S,,
R.R.-V,, RY. and M.V;; software, R.R.-V., R.Y. and M.V,; validation, RR.-V,, R.Y,, G.R,, M.S. and M.K;;
formal analysis, M.K,, R.R.-V,, RY,, G.R.,, M.S. and M.V,; investigation, T.A. and N.H.; resources, A.G.;
data curation, M.V.; writing—original draft preparation, M.K.; writing—review and editing, M.K,,
with input from all authors; visualization, M.K., C.A.A., T.A. and N.H.; supervision, A.G. and ].S;
funding acquisition, A.G. and M.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This project was partially supported by Riksbankens Jubileumsfond (grant no. P16-
0553:1) Erik Philip-Sorensen Foundation, the Crafoord Foundation, the Knut and Alice Wallenberg
Foundation (1000 Ancient Genomes Project Grant 2016), and the Swedish Research Council (2013-
4959, 2019-00849). The computations were enabled by resources provided by the National Academic
Infrastructure for Supercomputing in Sweden (NAISS) and the Swedish National Infrastructure for
Computing (SNIC) at UPPMAX partially funded by the Swedish Research Council through grant
agreements no. 2022-06725 and no. 2018-05973. The analyses were performed under the following
projects: SNIC 2021/22-182, and naiss2023-22-378.

Data Availability Statement: The genome data can be downloaded from the European Nucleotide
Archive (ENA) using the following project accession numbers PRJEB43107 and PRJEB71912.

Acknowledgments: We thank Per Karsten for initiating this project, Gunnar Menander for pho-
tographs, and Carolina Bernhardsson from the Department of Organismal Biology at Uppsala
University for help with the processing and curation of data. The authors acknowledge support from
the National Genomics Infrastructure in Stockholm funded by Science for Life Laboratory, the Knut
and Alice Wallenberg Foundation and the Swedish Research Council, and SNIC/NAISS/Uppsala
Multidisciplinary Center for Advanced Computational Science for assistance with massively parallel
sequencing and access to the UPPMAX computational infrastructure.

Conflicts of Interest: Author Goéran Runfeldt and Michael Sager were employed by FamilyTreeDNA,
Gene by Gene. The remaining authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.


https://www.mdpi.com/article/10.3390/heritage7020027/s1
https://www.mdpi.com/article/10.3390/heritage7020027/s1

Heritage 2024, 7 583

References

1.

G PN

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Krzewinska, M.; Rodriguez-Varela, R.; Ahlstrom Arcini, C.; Ahlstrom, T.; Hertzman, N.; Stord, J.; Gotherstrom, A. Related in
death? A curious case of a foetus hidden in bishop Peder Winstrup’s coffin in Lund, Sweden. J. Archaeol. Sci. Rep. 2021, 37, 102939.
[CrossRef]

Hansson, K.F. Lundabiskopen Peder Winstrup fore 1658; CWK Gleerup: Lund, Sweden, 1950.

Manhag, A.; Karsten, P. Peder Winstrup; Lunds Universitets Historiska Museum: Lund, Sweden, 2017.

Lageras, P. Fran Tradgard till Grav: Viéxterna i Biskop Peder Winstrups Kista. Ale 2016, 4, 15-28.

Ahlstrom, T.; Arcini, C.; Bozovic, G.; Siemund, R.; Krantz, P.; Geijer, M.; Gustavsson, P.; Pellby, D.; Wingren, P.; Mitchell, P.
Vetenskapliga undersokningar av Peder Winstrups mumie. In Antikvarisk Rapport Gillande Undersokningen av Biskop Peder
Winstrups Kista och Mumifierade Kvarlevor; Karsten, P., Manhag, A., Eds.; Lunds Universitets Historiska Museum: Lund, Sweden,
2018; pp. 16-17.

Kyhlberg, O.; Ahlstrom, T. (Eds.) Gdnget ur Min Hand: Riddarholmskyrkans Stiftargravar; Almquist & Wiksel: Stockholm,
Sweden, 1997.

Krzewiniska, M.; Kjellstrom, A.; Rodriguez-Varela, R.; Yaka, R.; Pochon, Z.; Lagerholm, V.K.; Sobrado, V.; Kashuba, N.; Kiling, G.M.;
Kirdok, E.; et al. Equal in Death? Investigating Differential Treatment of Children in Early Christian Traditions through Multiple
Burials. Centre for Palaeogenetics, Stockholm, Sweden; Department of Archaeology and Classical Studies, Stockholm University,
Stockholm, Sweden. 2024; manuscript in preparation.

Popli, D.; Peyrégne, S.; Peter, B.M. KIN: A method to infer relatedness from low-coverage ancient DNA. Genome Biol. 2023, 24, 10.
[CrossRef] [PubMed]

Hanghoj, K.; Moltke, I.; Andersen, P.A.; Manica, A.; Korneliussen, T.S. Fast and accurate relatedness estimation from high-
throughput sequencing data in the presence of inbreeding. GigaScience 2019, 8, giz034. [CrossRef] [PubMed]

Pochon, Z.; Bergfeldt, N.; Kirdok, E.; Vicente, M.; Naidoo, T.; van der Valk, T.; Altimisik, N.E.; Krzewinska, M.; Dalén, L.;
Gotherstrom, A.; et al. aMeta: An accurate and memory-efficient ancient metagenomic profiling workflow. Genome Biol. 2023,
24,242, [CrossRef]

Svensson, E.M.; Anderung, C.; Baubliene, J.; Persson, P.; Malmstrom, H.; Smith, C.; Vretemark, M.; Daugnora, L.; Gotherstrom, A.
Tracing genetic change over time using nuclear SNPs in ancient and modern cattle. Anim. Genet. 2007, 38, 378-383. [CrossRef]
Yang, D.Y.; Eng, B.; Waye, ].S.; Dudar, J.C.; Saunders, S.R. Technical note: Improved DNA extraction from ancient bones using
silica-based spin columns. Am. J. Phys. Anthropol. 1998, 105, 539-543. [CrossRef]

Meyer, M.; Kircher, M. Illumina sequencing library preparation for highly multiplexed target capture and sequencing. Cold Spring
Harb. Protoc. 2010, pdb.prot5448. [CrossRef]

Schubert, M.; Lindgreen, S.; Orlando, L. AdapterRemoval v2: Rapid adapter trimming, identification, and read merging. BMC
Res. Notes 2016, 9, 88. [CrossRef]

Kircher, M. Analysis of High-Throughput Ancient DNA Sequencing Data. In Ancient DNA SE—23 Methods in Molecular Biology;
Shapiro, B., Hofreiter, M., Eds.; Humana Press: Totowa, NJ, USA, 2012; pp. 197-228. [CrossRef]

Li, H.; Durbin, R. Fast and accurate short read alignment with Burrows-Wheeler transform. Bioinformatics 2009, 25, 1754-1760.
[CrossRef]

Skoglund, P,; Stor3, J.; Gotherstrom, A.; Jakobsson, M. Accurate sex identification of ancient human remains using DNA shotgun
sequencing. J. Archaeol. Sci. 2009, 40, 4477-4482. [CrossRef]

Briggs, A.W.; Stenzel, U.; Johnson, PL.E; Green, R.E.; Kelso, ].; Priifer, K.; Meyer, M.; Krause, ].; Ronan, M.T.; Lachmann, M.; et al.
Patterns of damage in genomic DNA sequences from a Neandertal. Proc. Natl. Acad. Sci. USA 2007, 104, 14616-14621. [CrossRef]
[PubMed]

Hansen, A.; Willerslev, E.; Wiuf, C.; Mourier, T.; Arctander, P. Statistical evidence for miscoding lesions in ancient DNA templates.
Mol. Biol. Evol. 2001, 18, 262-265. [CrossRef] [PubMed]

Hofreiter, M.; Jaenicke, V.; Serre, D.; von Haeseler, A.; Pddbo, S. DNA sequences from multiple amplifications reveal artifacts
induced by cytosine deamination in ancient DNA. Nucleic Acids Res. 2001, 29, 4793-4799. [CrossRef] [PubMed]

Orlando, L.; Ginolhac, A.; Raghavan, M.; Vilstrup, J.; Rasmussen, M.; Magnussen, K.; Steinmann, K.E.; Kapranov, P;
Thompson, J.F.; Zazula, G.; et al. True single-molecule DNA sequencing of a pleistocene horse bone. Genome Res. 2011, 21,
1705-1719. [CrossRef] [PubMed]

Sawyer, S.; Krause, J.; Guschanski, K.; Savolainen, V.; Pdédbo, S. Temporal Patterns of Nucleotide Misincorporations and DNA
Fragmentation in Ancient DNA. PLoS ONE 2012, 7, e34131. [CrossRef] [PubMed]

Skoglund, P.; Northoff, B.H.; Shunkov, M.V.; Derevianko, A.P.; Paabo, S.; Krause, J.; Jakobsson, M. Separating endogenous ancient
DNA from modern day contamination in a Siberian Neandertal. Proc. Natl. Acad. Sci. USA 2014, 111, 2229-2234. [CrossRef]
Green, R.E.; Malaspinas, A.S.; Krause, J.; Briggs, A.W.; Johnson, P.L.; Uhler, C.; Meyer, M.; Good, ].M.; Maricic, T.; Stenzel, U.; et al.
A complete Neandertal mitochondrial genome sequence determined by high-throughput sequencing. Cell 2008, 134, 416-426.
[CrossRef]

Fu, Q.; Mittnik, A.; Johnson, P.L.F; Bos, K.; Lari, M.; Bollongino, R.; Sun, C.; Giemsch, L.; Schmitz, R.; Burger, ].; et al. A revised
timescale for human evolution based on ancient mitochondrial genomes. Curr. Biol. 2013, 23, 553-559. [CrossRef]


https://doi.org/10.1016/j.jasrep.2021.102939
https://doi.org/10.1186/s13059-023-02847-7
https://www.ncbi.nlm.nih.gov/pubmed/36650598
https://doi.org/10.1093/gigascience/giz034
https://www.ncbi.nlm.nih.gov/pubmed/31042285
https://doi.org/10.1186/s13059-023-03083-9
https://doi.org/10.1111/j.1365-2052.2007.01620.x
https://doi.org/10.1002/(SICI)1096-8644(199804)105:4%3C539::AID-AJPA10%3E3.0.CO;2-1
https://doi.org/10.1101/pdb.prot5448
https://doi.org/10.1186/s13104-016-1900-2
https://doi.org/10.1007/978-1-61779-516-9_23
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1016/j.jas.2013.07.004
https://doi.org/10.1073/pnas.0704665104
https://www.ncbi.nlm.nih.gov/pubmed/17715061
https://doi.org/10.1093/oxfordjournals.molbev.a003800
https://www.ncbi.nlm.nih.gov/pubmed/11158385
https://doi.org/10.1093/nar/29.23.4793
https://www.ncbi.nlm.nih.gov/pubmed/11726688
https://doi.org/10.1101/gr.122747.111
https://www.ncbi.nlm.nih.gov/pubmed/21803858
https://doi.org/10.1371/journal.pone.0034131
https://www.ncbi.nlm.nih.gov/pubmed/22479540
https://doi.org/10.1073/pnas.1318934111
https://doi.org/10.1016/j.cell.2008.06.021
https://doi.org/10.1016/j.cub.2013.02.044

Heritage 2024, 7 584

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rasmussen, M.; Guo, X.; Wang, Y.; Lohmueller, K.E.; Rasmussen, S.; Albrechtsen, A.; Skotte, L.; Lindgreen, S.; Metspalu, M.;
Jombart, T.; et al. An Aboriginal Australian Genome Reveals Separate Human Dispersals into Asia. Science 2011, 334, 94-98.
[CrossRef]

Weissensteiner, H.; Pacher, D.; Kloss-Brandstétter, A.; Forer, L.; Specht, G.; Bandelt, H.-].; Kronenberg, F.; Salas, A.; Schénherr, S.
HaploGrep 2: Mitochondrial haplogroup classification in the era of high-throughput sequencing. Nucleic Acids Res. 2016, 44,
W58-W63. [CrossRef] [PubMed]

Li, H.; Handsaker, B.; Wysoker, A.; Fennell, T.; Ruan, J.; Homer, N.; Marth, G.; Abecasis, G.; Durbin, R. 1000 Genome Project
Data Processing Subgroup. The Sequence Alignment/Map format and SAMtools. Bioinformatics 2009, 25, 2078-2079. [CrossRef]
[PubMed]

Martiniano, R.; De Sanctis, B.; Hallast, P.; Durbin, R. Placing Ancient DNA Sequences into Reference Phylogenies. Mol. Biol. Evol.
2022, 39, msac017. [CrossRef] [PubMed]

Begg, T.J.A.; Schmidt, A.; Kocher, A.; Larmuseau, M.H.D.; Runfeldt, G.; Maier, P.A.; Wilson, ].D.; Barquera, R.; Maj, C,;
Szolek, A.; et al. Genomic analyses of hair from Ludwig van Beethoven. Curr. Biol. 2023, 33, 1431-1447.e22. [CrossRef] [PubMed]
Pagani, L.; Lawson, D.J.; Jagoda, E.; Morseburg, A.; Eriksson, A.; Mitt, M.; Clemente, F.; Hudjashov, G.; DeGiorgio, M.;
Saag, L.; et al. Genomic analyses inform on migration events during the peopling of Eurasia. Nature 2016, 538, 238. [CrossRef]
Rodriguez-Varela, R.; Moore, K.H.S.; Ebenesersdoéttir, S.S.; Kilinc, G.M.; Kjellstrom, A.; Papmehl-Dufay, L.; Alfsdotter, C,;
Berglund, B.; Alrawi, L.; Kashuba, N.; et al. The genetic history of Scandinavia from the Roman Iron Age to the present. Cell 2023,
186, 32—46.e19. [CrossRef]

Yaka, R.; et al. Centre for Palaeogenetics, Stockholm, Sweden; Department of Archaeology and Classical Studies, Stockholm
University, Stockholm, Sweden. 2025; manuscript in preparation.

Weir, B.S.; Anderson, A.D.; Hepler, A.B. Genetic relatedness analysis: Modern data and new challenges. Nat. Rev. Genet. 2006, 7,
771-780. [CrossRef]

Ringbauer, H.; Novembre, J.; Steinriicken, M. Parental relatedness through time revealed by runs of homozygosity in ancient
DNA. Nat. Commun. 2021, 12, 5425. [CrossRef]

Breitwieser, EP.; Baker, D.N.; Salzberg, S.L. KrakenUniq: Confident and fast metagenomics classification using unique k-mer
counts. Genome Biol. 2018, 19, 198. [CrossRef]

Lampa, S.; Dahlo, M.; Olason, P.; Hagberg, J.; Spjuth, O. Lessons learned from implementing a national infrastructure in Sweden
for storage and analysis of next-generation sequencing data. GigaScience 2013, 2, 9. [CrossRef]

Yaka, R.; Mapelli, I.; Kaptan, D.; Dogu, A.; Chyleniski, M.; Erdal, OD,; Koptekin, D.; Vural, K.B.; Bayliss, A.; Mazzucato, C.; et al.
Variable kinship patterns in Neolithic Anatolia revealed by ancient genomes. Curr. Biol. 2021, 31, 2455-2468.e18. [CrossRef]
[PubMed]

Herbig, A.; Maixner, F; Bos, K.I; Zink, A.; Krause, J.; Huson, D.H. MALT: Fast alignment and analysis of metagenomic DNA
sequence data applied to the Tyrolean Iceman. bioRxiv 2016, 050559. [CrossRef]

Riddarhuset: Akersteins Genealogier | ArkivDigital 2020. Riddarhuset: Akersteins genealogier | ArkivDigital. Available online:
https:/ /www.arkivdigital.se (accessed on 15 November 2023).

Sabin, S.; Herbig, A.; Vagene, A.].; Ahlstrom, T.; Bozovic, G.; Arcini, C.; Kiithnert, D.; Bos, K.I. A seventeenth-century Myco-
bacterium tuberculosis genome supports a Neolithic emergence of the Mycobacterium tuberculosis complex. Genome Biol. 2020,
21, 201. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1126/science.1211177
https://doi.org/10.1093/nar/gkw233
https://www.ncbi.nlm.nih.gov/pubmed/27084951
https://doi.org/10.1093/bioinformatics/btp352
https://www.ncbi.nlm.nih.gov/pubmed/19505943
https://doi.org/10.1093/molbev/msac017
https://www.ncbi.nlm.nih.gov/pubmed/35084493
https://doi.org/10.1016/j.cub.2023.02.041
https://www.ncbi.nlm.nih.gov/pubmed/36958333
https://doi.org/10.1038/nature19792
https://doi.org/10.1016/j.cell.2022.11.024
https://doi.org/10.1038/nrg1960
https://doi.org/10.1038/s41467-021-25289-w
https://doi.org/10.1186/s13059-018-1568-0
https://doi.org/10.1186/2047-217X-2-9
https://doi.org/10.1016/j.cub.2021.03.050
https://www.ncbi.nlm.nih.gov/pubmed/33857427
https://doi.org/10.1101/050559
https://www.arkivdigital.se
https://doi.org/10.1186/s13059-020-02112-1

	Introduction 
	Materials and Methods 
	Wet Laboratory Processing 
	In Silico Processing 
	Y Chromosome Analyses 
	Kinship Analysis 
	ROH 
	Metagenomic Analyses 

	Results 
	Y Chromosome Analyses 
	Kinship Analyses 
	ROH 
	Metagenomic Analyses 

	Discussion 
	References

