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Introduction

In the last two decades, it has become clear that DNA
survival is not unlimited and that, even under ideal
conditions such as a cold and dry environment, DNA does
not survive for more than a million years in fossil samples
(Paabo et al., 2004). Strict guidelines were established to
ensure the authenticity of obtained results. Nevertheless,
ancient DNA research remained limited due to several
reasons: first, the small amount of available material,
second, the highly degraded and fragmented nature of the
ancient DNA, and third, problems of contamination with
contemporary DNA, Only recently, when new technologies
and methodological approaches became available, the field
of ancient DNA started experiencing a new era. Studies
once thought to be impossible are now feasible: large-scale
population genetic surveys (Shapiro et al,, 2004), functional
analysis of extinct genes (Campbell et al,, 2004), whole
genome sequencing of extinct organisms (Green et al,
2010; Rasmussen et al, 2010) and genetic investigations

on early modern humans (Krause et al, 2010). High
throughput sequencing can also help overcoming the
contamination problem in ancient DNA studies and
eliminating possible doubts on the authenticity of the
obtained results as often occurred (Handt et al, 2004a;
Paabo et al, 2004; Krause et al, 2010). Only well-preserved
samples from the permafrost such as the ice man (Handt et
al, 2004b; Ermini et al, 2008) or Eskimos from Greenland
(Gilbert et al, 2008; Rasmussen et al, 2010) have enough
DNA to minimize the risk of contamination which could
alter sequencing results. Nevertheless this restriction

limits research to exceptional cases and circumvents the

usage of thousands of modern human remains. It would
therefore be quite useful to consider other properties

of the DNA that would allow distinguishing ancient
endogenous molecules from modern human exogenous
contamination. In this regard an important contribution
has been provided by Briggs et al. (2007) who for the
first time were able to investigate the DNA sequence
context around strand breaks in ancient DNA by using
the 454 sequencing technology. This analysis has not been
previously possible because, using PCR technique, primers
that target particular DNA sequences are generally used,
and thus the ends of the ancient DNA molecules are not
revealed. Therefore, the 454 sequencing process is of
crucial importance for these analyses. The high frequency
of C to T misincorporations at the 5’-ends of ancient
DNA sequences and the correspondingly high frequency
of G to A misincorporations at the 3'-ends imply that
deamination of cytosine residues is significantly elevated
at the 5’-ends of ancient DNA molecules (Briggs et al,
2007).These changes could be caused either by a tendency .
of cytosine residues at the ends of molecules to undergo
deamination or by a tendency of strand breaks to occur
near deaminated cytosine residues. The authors proposed
that this pattern consists in a preferential fragmentation

of ancient DNA at purine bases, while modern human
contaminants show no increase in frequency of purines

or pyrimidines on either side of the fragment (Fig. 1), and
that cytosine residues close to the ends of ancient DNA
molecules are more susceptible to deamination than

the internal cytosine residues. In conclusion, fragment
length, deamination-induced sequence errors at the

ends of molecules and purine-associated fragmentation
represent features by which endogenous and contaminating
populations of DNA molecules can be distinguished in

at least some late Pleistocene specimens (Briggs et dl,
2007).The combination of ancient DNA properties and
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Fig. 1. Fragmentation pattern obtained in endogenous ancient DNA sequences (Neanderthal DNA) and in modern human contaminants (from

Krause et al. 2010, modified).

identification of a single biological source to study early
modern human DNA was first used on a Cro-Magnon
sample from the Kostenki site in VWestern Russia (Krause et
al, 2010).

In this study we applied recently developed methodologies,
namely genomic selection by oligo-capture and next
generation sequencing, to the analysis of a human

specimen of the Upper Palaeolithic (Paglicci of the layer
23) previously successfully characterized by PCR and
standard ancient DNA procedure for the mitochondrial
DNA HVR-| region and for some nuclear loci. Enrichment
capture probes were designed as in Fig.2 and synthesized
as oligonucleotides using an in-situ customized synthesis
(Customarray -TM- platform).
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Fig. 2. Capture probes design.

The principal aims of this work are to: i. test probe design
and synthesis by converting oligonucleotide probes in a
454 library and sequencing it; ii. perform a capture control
of modern DNA target capture following the scheme
summarized in Fig.3;iii. enrich and sequence libraries from
the ancient DNA sample.

454 s o i ]
sequencing _ | ?

Fig. 3. Experimental design.

Materials and Methods

Modern DNA isolated from human blood was extracted
with QIAmp DNA Blood Mini QlAcube Kit. Ancient DNA
was extracted by a silica based method as described in
Rohland and Hofreiter (2007). Preparation of 454 libraries
was performed following the procedure described in
Briggs et al. (2009).The capture approach consists in a
“in-liquido™ strategy that occurs using the hybridization

of an adaptor-ligated DNA library onto RNA biotinylated
probes. In liquido hybridization needs a specific probe
design, hybridization of adaptor-ligated DNA library,
washing of contaminant non-specific DNA and recovery
of enriched sample. After capture, the RNA probes will be
then digested so that the only remaining nucleotide is the
targeted DNA of interest. Target region for probe design
encompassed the entire human mitochondrial genome and



several nuclear loci (Tab.1 and Tab.2) in order to provide a
phylogenetic classification. Genomic enrichment targeted
also several genes involved in the expression of features
that may have played an important role in the evolution

of humans such as skin and hair pigmentation, cognitive,
cardiac and respiratory function, perception of different

Genomic Selection by Oligo-Capture and Next Generation Sequencing for Genetic Characterization

tastes as reported in Tab. 2.

reads percentage (set at 50%), indicating a heterogeneous
composition of captured fragments. Figs. 4 and 5 show
examples of reads from oligopool and modern DNA
libraries mapping on mtDNA. Modern DNA results
allowed us to perform aDNA capture and sequencing, data
analysis is still in progress.

Target class Target description N‘:’:r::: of Targ:.::)angth N:’;‘;:d b::T:;::::: d
1 Single nucleotide (SN) 233 100 2330 46600

2 Coding region (CDS) 1 954 96 1054

3 Short Tandem Repeat (STR) 1 362 37 462

4 ;z':ﬂ:t(em’:gﬁfz;’"d”a' 1 16569 1657 16569
Total 236 17985 4120 64685

Tab. 1. Target regions for probes design.

n° target Target description
62 Autosomal SNPs related to evolutionary important physiological and metabolic functions (skin and hair pigmentation,
cognitive, cardiac, respiratory and muscular function, taste perception)
33 Autosomal loci fixed and derivate in human genome but ancestral in Neanderthals
120 Y chromosome SNPs
46 X chromosome SNPs

Tab. 2. Target selection.

454 total reads appin % n° average average
PTP (after mapping mapping matched | mapping reads 8
reads coverage
lanes nrdb) reads references length (bp)
Oligo pool 2/16 40477 36471 90.1% 220 106.66 76.36
Captured modern DNA 1/8 114068 48782 42.7% 81 24517 457.87
(enriched)
Captured modern DNA 1/8 111191 53199 47.8% 85 256.3 515.12
(not enriched)

Tab. 3. Results from oligo pool and captured modern DNA sequencing.

Results and Discussion

Reads obtained by oligopool sequencing matched on
almost all reference sequences (220 out of 236) reflecting
a homogeneous composition of oligo probe mixture
(Tab.3). Synthesis specificity was high, 80.1% of reads
mapped on reference sequences. This value allowed
performing the capture test on modern DNA.Two libraries
were considered, one obtained by amplifying the 454
library (enriched in Tab. 3) with 14 PCR cycles and one
using the library not enriched. Comparison of results
obtained by these two modern DNA libraries allowed
excluding bias in the amplification step.The obtained
results are just below the expected value of mapping

The present data show the feasibility of the in-situ
customized synthesis by Customarray (TM) platform

to produce capture oligonucleotide probes. In contrast

to other technologies, Customarray (TM) platform

can synthesize probes up to 100 bp long; in addition,
modification of the experimental design and probes re-
synthesis after control experiment are fast and cheap.

This versatility of the platform makes Customarray (TM)
oligonucleotide probes a promising tool for capture studies
on ancient samples.
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Consensus ATTCCGATAAAATCACCTTCCACCCTTACTACAC-AATCAAA-GACGC-CCTCGGCTTACTTCTCTTCCTTCTCTCCTTAATH
iy

ATTCCGATAAARATCAC ACCCTTACTACAC-AATCAAA TTARTTCTCTTCCTTCTCTCCTTAATL
ATTCCGATAAAATCACCTTCCACCCTTACTACAC-AATCAAA- GACGCICCTCGGCTTACTTCTC‘TCCTTCTCTCCTTAAT\
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TAATCAAA-GACGC-CCTCOGGCTTACTTCTCTTCCTTCTCTCCTTAATG)
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AATCAAA-GACGC-CCTCGGLTTACTTC-CTTCCTTCTCTCCTTAATG
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ATTCCGAT -AAATCACCTTCCACCCTTACTACAC-AATCAAA-GACG

AATCAAA-GACGC-CCTCGGCTTACTTCTCTTCCTTCTCTCCTT
ATTCCGAT -AAATCACCTT-CACCCTTACTACAC-AATCAAA-GACGC-CCTCGGETTACTICTCTTCCTTCTCT
ATTCCGATAAAATCACCTTCCACCCTTACTACAC-AATCAAA-GACGC-CCTCGGCTTACTTCTCTTCCTTCTCTCCTTAAT
ACCGA TCACCTTCCACCCTTACTACAC-AATCAAA«GACGC -CCTCGGCTTACTTCTCTTCCTTCTCTCCTTAAT
ATTCCGAT-AAATCACCTTCCACCCTTACTACAC-AATCAAA -GACGC-CCTCOGCTTACTTCTCTTCCTTCTCTCCTT
ATTCCGAT -AAATCACCTTCCACCCTTA-TACAC-AATC -AA-GACGC-CCTCGGCTTACTTCTCTTCCTTCTYCTCCTTAT C A
ATTCCGAT-AAATCACCTTCCACCCTTACTACAC-AATCAAA-GACGC-CCTCGGCTTACT - -TCTTCCTTCTCTCCTTAA
ATTCCGAT -AAATCACCTTCCACCCTTACTACAC-AATCAAA-GACGC-CCTCGGCTT-CTTCTCTTCC-TCTCTCCTTAA
ATTCCGATAAAATC-CCTTCCACCCTT-CTACAC-AATCAAA-GACGC-CCTCGGCTTACTTCTC-TCCTTCTCTCCTTAAT
TTCCA-CCTTACTACAC-AATCAAA-GACGC-CCTC-GCTTACTTCTCTTCCTTCTCTCCTTAATC
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ATTCCGATAAAATCACCTTCCACCCTT-CTACAC TG
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