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REPORT ON GENETIC ANALYSES
OF IRON AGE SAMPLES FROM SLOVAKIA

Joscha Gretzinger — Stephan Schiffels

INTRODUCTION

Genetic analyses of archaeological skeletal human remains have become routine thanks to next genera-
tion sequencing methodology, which allows us to analyze hundreds of millions of short DNA fragments
in parallel. We obtained genetic data from 8 of 9 analyzed individuals from three archaeological sites in
Slovakia (Palarikovo, Chotin, and Dubnik), dating to the La Tene period. These analyses allowed us to
confidently obtain the genetic sex of the 8 successful samples, as well as to identify preliminary ancestry
information for two of the analyzed samples.

SAMPLE OVERVIEW

The following table shows a summary of the data, including individual CHT002 for which extremely few
human DNA molecules could be found, and thus we did not analyze this individual further. The column
“Unique mapped reads’ gives the number of sequenced DNA molecules that map to the human genome,
i.e,, which are likely of human origin. The endogenous DNA% indicates the fraction of human reads in
the total DNA sample.

Table 1. Summary of the genetic analyses data.

TRe | emsonip | Sowemed || unae | Endegenon | Cor | Oamsolis | o so
1-2877 12/71 CHTO001 6004618 282888 7.21 0.0046 0.18 male
1-2907 30/72 CHT002 4905954 874 0.04 0 0.15 unassigned

24/83 DUBO001 6276704 677669 16.78 0.0106 0.16 male
73172 PALOO1 6368302 3173262 76.42 0.0562 0.14 male
53/71 PAL002 5080732 2203866 69.08 0.0369 0.18 female
5/70 PAL003 5105819 547189 16.87 0.008 0.15 male
70/72 PAL00O4 5394002 1382497 45.07 0.0195 017 male
58/72 PAL005 6167315 91183 2.41 0.0015 0.13 female
18/70 PALOO6 7158739 372547 8.05 0.0055 017 male

Sample processing and sequencing

There are two established approaches to sampling the human petrous bone (pars petrosa) for DNA: Cut-
ting the bone and drilling into the inside, or drilling into the bone from the outside. In this project, we have
chosen the method of drilling from the outside, which is less invasive, but can sometimes lead to a lower
yield of DNA or higher contamination. Figure 1 illustrates the two approaches before and after sampling.
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drillhole
after
sampling

Fig. 1. Sampling the petrous bone for DNA. A — petrous bone before sampling; B — Petrous bone after sampling, and cut

in half; C — Similar as in B but with marked drill hole. For illustrative purposes, images B and C show both the invasive

and the non-invasive sampling procedures. The bones shown are not from the specimens analyzed here. Images kindly
provided by Marie Himmel, MPI-SHH.

DNA from 9 samples from Chotin, Palarikovo, and Dubnik was extracted in the ancient DNA facili-
ties of the Max Planck Institute for the Science of Human History (MPI-SHH) in Jena, Germany. For each
specimen, ~50 mg of dentine powder was used for an extraction procedure specifically designed for
ancient DNA retrieval (Dabney et al. 2013). Extraction buffer containing 0.45 M EDTA, pH 8.0 (Life Tech-
nologies) and 0.25 mg/ml Proteinase K (Sigma-Aldrich) was added to the bone powder and incubated
at 37 °C with rotation overnight. The supernatant was separated from the pellet of bone powder by
centrifugation (14,000 rpm). A binding buffer consisting of 5 M GuHCL (Sigma Aldrich) and 40% Isopro-
panol (Merck), together with 400 ul of 1 M sodium acetate (pH 5.5) was added to the supernatant, and
the solution purified by spinning it through a purification column attached to a High Pure Extender As-
sembly funnel (8 min in 1500 rpm, with slow acceleration). The column was then spun into a collection
tube (1 min 14,000 rpm) 1-2 times to maximize the yield. This was followed by two subsequent washing
steps of 450 ul of wash buffer (High Pure Viral Nucleic Acid Large Volume Kit) and two dry spin steps of
1 min centrifugation at 14,000 rpm. The final total volume of 100 pl eluate was reached by two separate
elution rounds of 50 ul of TET (10 mMTris-HCL, 1 mM EDTA pH 8.0, 0.1% Tween20), each spun for 1 min
at 14,000 rpm into a fresh Eppendorf 1.5 ml tube. Negative controls (buffer instead of sample) were pro-
cessed in parallel at a ratio of 1 control per 7 samples.

Of the 100 pl extract, 20 pl was used to immortalize the sample DNA as a double-stranded library. The
procedure included a blunt-end repair, adapter ligation, and adapter fill-in steps, as described by Meyer
and Kircher (Meyer/Kircher 2010). During the blunt-end repair step, a mixture of 0.4 U/ul T4 PNK (polynu-
cleotide kinase) and 0.024 U/ul T4 DNA polymerase, 1x NEB buffer 2 (NEB), 100 pM dNTP mix (Thermo
Scientific), 1 mM ATP (NEB) and 0.8 mg/ml BSA (NEB) was added to the template DNA, followed by incu-
bation in a thermocycler (15 min 15 °C, 15 min 25 °C) and purification with a MinElute kit (QIAGEN). The
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product was eluted in 18 pl TET buffer. The adapter ligation step included a mixture of 1x Quick Ligase
Buffer (NEB), 250 nM Illumina Adapters (Sigma-Aldrich) and 0.125 U/ul Quick Ligase (NEB), added to the
18 pl eluate, followed by a 20 min incubation, and second purification step with MinElute columns, this
time in 20 pl eluate. For the fill-in step, a mixture of 0.4 U/ulBst-polymerase and 125 uM dNTP mix was
added and the mixture then incubated in a thermocycler (30 min 37 °C, 10 min 80 °C). To introduce the
UDG-half treatment, an initial stage was included in the library preparation, in which 250 U USER enzyme
(NEB) was added into the 20 ul of extract, followed by an incubation at 37 °C for 30 min, and then 12 °C for
1 min. This again was followed by the addition of 200 U UGI (Uracil Glycosylase inhibitor, by NEB) and
another identical incubation to stop the enzymatic excision of deaminated sites, as described in (Rohland
et al. 2015). For each library, a unique pair of eight-bp-long indexes was incorporated using a Pfu Turbo
CxHotstart DNA Polymerase and a thermocycling program with the temperature profile as follows: ini-
tial denaturation (98 °C for 30 sec), cycle of denaturation/annealing/ elongation (98 °C for 10 sec/ 60 °C for
20 sec/ 72 °C for 20 sec) and final extension at 72 °C for 10 min (Kircher/Sawyer/Meyer 2012). Bone powder
from a cave bear was processed in parallel serving as a positive control. Negative controls for both extrac-
tion and library preparation stages were kept alongside the samples throughout the entire workflow.

Experiment efficiency was ensured by quantifying the concentration of the libraries on gPCR (Roche)
using aliquots from libraries before and after indexing. The molecular copy number in pre-indexed li-
braries ranged from ~ 10E8 to ~ 10E9 copies/ul, indicating a successful library preparation, whereas the
indexed libraries ranged from ~ 10E10 to ~ 10E12 copies/pl, stating an admissible indexing efficiency. The
negative controls showed 45 orders of magnitude lower concentration than the samples, indicating low
contamination levels from the laboratory processing stages.

The libraries were amplified with PCR, for the amount of cycles corresponding to the concentrations of
the indexed libraries, using AccuPrimePfx polymerase (5 pl of library template, 2 U AccuPrimePfx DNA
polymerase by Invitrogen, 1 U of readymade 10x PCR mastermix, and 0.3 M of primers IS5 and 1S6, for
each 100 ul reaction) with thermal profile of 2 min denaturation at 95 °C, 3-9 cycles consisting of 15 sec de-
naturation at 95 °C, 30 sec annealing at 60 °C, 2 min elongation at 68 °C and 5 min elongation at 68 °C. The
amplified libraries were purified using MinElute spin columns with the standard protocol provided by the
manufacturer (Qiagen), and quantified for sequencing using an Agilent 2100 Bioanalyzer DNA 1000 chip.

We used EAGER (Peltzer et al. 2016; version 1.92.50) to process the sequenced reads, using default pa-
rameters (see below) for human-originated, UDG-half treated, single-end sequencing data. Specifically,
AdapterRemoval was used to trim the sequencing adapters from our reads, with a minimum overlap of
1 bp, and using a minimum base quality of 20 and minimum sequence length of 30 bp. BWA aln (version
0.7.12-r1039, https://sourceforge.net/projects/bio-bwa/files). Li/Durbin (2009) was used to map the reads to
the GRCh37 hgl9 human reference sequence, with a seed length (-1) of 32, max number of differences (-n)

of 0.01 while applying a quality filter (-q) of 30.
s Duplicate removal was carried out using DeDup
,,:::;f.,. v0.12.1. Terminal base deamination damage cal-
XY odat culation was done using mapDamage, specifying
e a length (-I) of 100 bp.
For downstream analyses, we used bamutils
(version 1.0.13, https://github.com/ statgen/ba-
mUtil.git) TrimBam to trim two bases at the start
and end of all reads. This procedure eliminates
the positions that are affected by deamination,
thus removing genotyping errors that could
- gz XX arise due to ancient DNA damage.

0s
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Chromosome Y ralo
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Cheomosome X rate GENETIC SEX DETERMINATION

Fig. 2. Illustration of coverage on the X and Y chromosome.
Shown are relative genomic coverages of the sex chromo-

somes relative to the autosomes. In males, we expect both We used the short-read alignments to the hu-

the X and the Y relative coverage at 1/2 of the autosomes. In man genome to measure mean coverage on
females, we expect Y coverage to be close to zero, and the X the X and Y chromosomes, relative to the auto-
coverage to be around the same as that for the autosomes. somes. Since male individuals have one Y and
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Fig. 3. Principal components analysis with 623 published modern European samples (Lazaridis et al. 2014)
and several other published ancient individuals (Damgaard et al. 2018; Gamba et al. 2014; Mathieson et al. 2015).

one X chromosome, but two of each autosome, we expect both X and Y to have relative genomic cover-
age of %2. In contrast, females have two copies of the X chromosome, and no Y chromosome, so their
relative coverage on X should be 1 (relative to autosomes) and 0 on the Y (Fig. 2).

With the exception of CHT002, which failed and produced not enough human DNA, we indeed find two
clusters of samples, with only two female samples (PAL002 and PAL005) and all other samples being male.

PRELIMINARY ANCESTRY ANALYSIS

We used Principal Components Analysis to analyze the ancestry of the two best preserved individu-
als. We first computed principal components of 623 modern European samples from 37 populations
(Lazaridis et al. 2014), and then projected the genetic data from PAL001 and PAL002 onto those princi-
pal components (Fig. 3). The analysis reveals some heterogeneity of the two individuals, with PAL001
falling more towards the south/southeast, clustering together with present-day Romanians and Croa-
tians, whereas PALO02 clusters with present-day Sorbian and Polish people.

218



OUTLOOK AND CONCLUSION

DNA Preservation in the three analyzed sites was remarkably good. We could successfully retrieve hu-
man DNA, reaching up to 60% in PAL001, from all but one individual. This proved sufficient for accurate
determination of the genetic sex of the successful eight sample. At this stage, only small fractions of the
human genomes of these individuals were reconstructed, and deeper shotgun sequencing, or applica-
tion of Capture Enrichment technology (Haak et al. 2015; Mathieson et al. 2015), to retrieve the complete ge-
nomes of these individuals, which reveal fine-scale population ancestry of all samples. At this point, we
could however already obtain ancestry estimates for two of the eight successful samples, which revealed
an overall Central European ancestry, with some difference between the two, spanning from Polish/Sorb
genetic ancestry towards more southern Croatian or Romanian ancestry. Deeper sequencing will reveal
whether this difference reflects a single outlier, or a general pattern of heterogeneity in these three Iron

Age populations.
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