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This volume
This volume, in two parts, is the fi fth and last preliminary report on the excavations conducted at the Bronze 
Age site of Kephali tou Agiou Antoniou at Sissi in the nomos of Lasithi, Crete. It covers the campaigns during the 
summers of 2017, 2018 and 2019 with quite detailed reports on the diff erent areas excavated, including the 
cemetery, the residential structures and the Court-Centred Building. We also report on the tests conducted 
and the three survey campaigns in the east part of the Sissi basin, with additional attention to the ammouda
quarry and WW II remains. The volume also includes a series of scientifi c analyses that have been made on 
some of the material (ceramics, seals, gold, plaster, coins) and a brief presentation of the consolidation eff orts 
that have been done on the remains discovered thus far. Since the study of the architecture, stratigraphy and 
fi nds is still on-going, all results should be considered as provisional. The fi nal excavation reports that are in 
progress may modify some of the opinions expressed in this volume or the previous ones.

The authors
The excavations are carried out under the direction of Prof. Jan Driessen of the UCLouvain (INCAL-CEMA-
AEGIS) with which several of the collaborating authors are affi  liated or associated (Dr. C. Langohr, 
Dr. Q. Letesson, Dr. M. Devolder, Dr. S. Déderix, Dr. F. Gaignerot-Driessen, Dr. O. Mouthuy, 
Dr. I. Mathioudaki, T. Claeys, N. Kress, L.M. Magno, D. Wolf, E. Tsafou, R. Dubois, T. Terrana). 
Dr. A. Schmitt is at the CNRS (U. of Marseille), with which also A. Delliste, C. Girardi and E. Sperandio are 
associated.  Dr. M. Anastasiadou is at the University of Vienna and Dr. I. Caloi at the University of Ca’Foscari in 
Venice. Dr. Sarris was at Forth in Rethymnon (with M. Manataki) but is now at the University of Cyprus; 
Dr. B. Legarra Herrero, E. Hayter & colleagues are at University College London, Dr. P. Iossif is deputy-director 
of the EBSA, while T. Sager is at the University of Toronto.

The AEGIS (Aegean Interdisciplinary Studies) series attempts to make the results of new archaeological 
research on Aegean and especially Minoan societies available to the scientifi c and wider public at a rapid 
pace. Monographs, PhD dissertations, proceedings of scientifi c meetings and excavation reports complete 
each other to off er a general view of this time frame which is of primary importance to understand the 
ancient world and its historical, political, symbolical and social sequences.
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1.	 Introduction

During the 2011 excavation campaign in Zones 1, 2 and 9 at Sissi, 14 human bone and tooth samples were 
selected from the remaining skeletal assemblage in an attempt to extract ancient DNA (table 3.3.1). 
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 Introduction 
 
 During the 2011 excavation campaign in Zone 1, Zone 2 and Zone 9 of the Sissi archaeological 
site, fourteen human bone and tooth samples were selected from the remaining skeletal assemblage 
in an attempt to extract ancient DNA (Table 1).  
 
Zone - 
Room 

Period Contai-
ner 

Ind. 
N° 

Sample N° Nature Identification Excavator DNA extract 
Label 

1.18 S MM IB / 
IIA pithos 1 11-01-9521/OB 003 Tooth Right alveolar bone 

with LRI2 to LRP1 Crevecoeur D1/D2 

1.18 S MM IB / 
IIA pithos 1 11-01-9509/OB 001 Tooth ULM2 and ULM3 Crevecoeur K1/K2 

1.29 MM IIA pithos 4 11-01-9574/SA 005 Tooth Left alveolar bone with 
ULC to ULP2 Crevecoeur C1/C2 

9.2 MM IB / 
MM II  1 11-09-9827/SA005 Tooth UC and UP1 Lambert H1/H2 

9.2 MM IB / 
MM II  2 11-09-9833/SA005 Bone Right clavicle Schmitt L1/L2 

9.2 MM IB / 
MM II  5 11-09-9857/OB 008 Bone Right radius Schmitt F1/F2 

9.2 MM IB / 
MM II  6 11-09-9866/OB 016 Bone Left clavicle Schmitt B1/B2 

9.2 MM IB / 
MM II larnax 7 11-09-9682/OB 001 Tooth LLC to LLP2 Lambert G1/G2 

9.2 MM IB / 
MM II  8 11-09-9888/SA 005 Tooth Left alveolar bone with 

ULI1 to ULM3 Schmitt J1/J2 

9.2 MM IB / 
MM II   11-09-9854/OB 002 Tooth ULC, ULP2 and ULdm2 Schmitt E1/E2 

9.2 MM IB / 
MM II   11-09-9890/OB 001 Bone Right ulna Schmitt A1/A2 

2.6 LM I pyxis 09-02-1258/OB 018 Bone Right femur Crevecoeur N1/N2 

2.8 LM I pyxis 1 10-02-2225/OB 007 Tooth Ldc to Ldm1 Civetta M1/M2 

2.8 LM I pyxis 1 10-02-2225/OB 014 Bone Femur Civetta I1/I2 

 
Table 1

 

: Details of the Sissi samples submitted to genetic analyses and labels of the DNA extracts obtained. MM 
= Middle Minoan, LM = Late Minoan. Tooth identification as follow: i.e. LRI2 = Lower Right second Incisor, 

ULdm2 = Upper Left deciduous second molar, C/c = canine, P = premolar. 

The sampling was done directly in the field for the human remains from Zone 1 and 9. Their 
excavation for DNA extraction purposes followed the required protocol to limit contamination. The 
focus was on dental remains or the best-preserved long bone when teeth were unavailable. As soon 
as skeleton pieces related to the maxilla or the mandible were appeared, the excavator cleaned the 
tools with alcohol and wore a mask, hygiene cap and two pairs of plastic gloves. When relevant 
material was identified, it was contained in a plastic bag which was put in another one containing the 
labels. The material was then transported in a cooler and stored in a freezer. Regarding Zone 2, the 

Tab. 3.3.1	 Details of the Sissi samples submitted to genetic analyses and labels of the DNA extracts 
obtained. MM = Middle Minoan, LM = Late Minoan. Tooth identification as follow: i.e. LRI2 = 
Lower Right second Incisor, ULdm2 = Upper Left deciduous second molar, C/c = canine, P = 
premolar

1	 UMR 5199 PACEA, Université de Bordeaux, Palaeogenetic Platform, France.
2	 UMR 5140, Archéologie des Sociétés Méditerranéennes, Université Paul-Valéry, CNRS, Ministère de la Culture, Montpellier, 

France. 
3	 Department of Archaeology, KU Leuven, Belgium.
4	 UMR 5199 PACEA, CNRS, Université de Bordeaux, France.
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The sampling was done directly in the field for the human remains from Zones 1 and 95. Their excavation 
for DNA extraction purposes followed the required protocol to limit contamination. The focus was on dental 
remains or the best-preserved long bone when teeth were unavailable. As soon as skeleton pieces related to the 
maxilla or the mandible appeared, the excavator cleaned the tools with alcohol and wore a mask, hygiene cap 
and two pairs of plastic gloves. When relevant material was identified, it was contained in a plastic bag which 
was put in another one containing the labels. The material was then transported in a cooler and stored in a 
freezer. Regarding Zone 2, the sampling of two immature individuals (two children) was done in the apothiki 
in 2011. The 14 samples were kept in the same freezer until the permit for exportation and DNA extraction was 
issued, two years later.

A total of €5000 (TTC) was provided for the genetic analysis of the 14 human remains originating from the 
site thanks to the funding support of the KULeuven. The main goals of the analyses were to document both 
population origin and potential kinship relations between individuals recovered in specific funerary structures. 
All analyses presented hereafter have been conducted in the Paleogenetic platform of the UMR 5199-PACEA. 
DNA results will be presented in chronological order (the analyses were conducted between 2015-2018) and 
DNA extraction labels will be used in the discussion for the sake of clarity.

2.	 2015-2016 – Classical paleogenetic analyses

The genetic analyses first targeted uni-parental markers. We conducted the simultaneous genotyping of 18 
SNPs (Single Nucleotide Polymorphisms) of the mitochondrial genome (mtDNA) coding region and 10 SNPs 
of the Y chromosome, permitting the characterization of main European maternal and paternal lineages. This 
analysis uses the iPlextechnique (Sequenom® technology), which is particularly sensitive and well adapted 
to the study of highly degraded DNA as was expected for the Sissi human remains. This genotyping enables 
the testing of DNA conservation in the samples and to determine maternal and paternal lineages (for men) 
simultaneously if DNA is sufficiently conserved.

The samples were decontaminated with diluted bleach and exposed to UV lights to destroy potential DNA 
molecules present on the samples’ surfaces. A first set of DNA extracts was obtained for each sample (DNA 
extracts A1 to N1) and was submitted to SNPs genotyping. It is important noting that extracts D1-K1, on the one 
hand, and I1-M1, on the other, were obtained from remains corresponding to the same individual. Results of this 
genotyping are presented in table 3.3.2. Since no Y chromosome SNPs could be genotyped, only mitochondrial 
genome SNPs are presented.

The majority of the mtDNA SNPs profiles obtained were fragmentary. This observation, combined with the 
impossibility of recovering any Y chromosome SNPs, demonstrated a severe degradation of the DNA molecules 
in the Sissi human remains. Moreover, several SNPs profiles were problematic since they consisted of a mix of 
different alleles for several mtDNA genome positions, corresponding to distinct maternal lineages. This type of 
‘mix’ profile is usually indicative of highly fragmented/degraded DNA (leading to the presence of artefactual 
alleles) or of contamination by people with a maternal lineage distinct from that of the sample. 

In order to test the presence of contamination of the Sissi human remains, we decided to characterize the 
maternal lineages of all the individuals (number 1 to 4) that manipulated the samples from the field to the lab 
and compare their haplogroups to those observed in the ‘mix’ profiles. The maternal lineage of manipulating 
individual n° 4 could not be determined since we could not obtain a sample, but this individual manipulated 
only two of the Sissi samples (the M1 and I1 DNA extracts) corresponding to the same individual found in 
Space 2.8. The haplogroups of the remaining manipulators was never detected in the ‘mix’ profiles, permitting 
us to exclude their implication in potential contamination. We could notably note that haplogroup H1 could be 
determined, despite partial SNPs profiles, on five different DNA extracts (extracts B1, C1, D1, E1 and N1) and 
that this maternal lineage could not correspond to contamination by the different persons having handled them. 
Concerning the extract M1, a complete SNPs profile could be obtained and permitted to determine a lineage N1a 
or I. Unfortunately, in this specific case, we cannot exclude that this lineage corresponds to the manipulator n° 

5	 Permit 134536/80459/5208/1393 of 27/05/2014. The authors thank the Ministry of Culture and EFALAS as well as Dr. P. Iossif 
for their help.
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4 since we could not genotype this person. Notably, this manipulator has also handled the sample for which we 
obtained the extract I1 and for which the SNPs profile indicated a mixture of H1 and N1a/I haplogroups.

To go further in the maternal lineages’ characterization, we analysed the first hypervariable region of the 
mitochondrial genome (HVR-I, nps 16,024 - 16,380) permitting to determine the haplotypes of the individuals. 
Four overlapping fragments (HVRIa / b / c / d) were amplified and sequenced following the procedures described 
in Rivollat et al. (2015). No reproducible result for HVR-I sequences could be obtained for all Sissi individuals. 
Unfortunately, all data in hands indicate major DNA degradation that impede to precise the Sissi individuals’ 
maternal and paternal lineages.

Giving the difficulty to access the endogenous DNA of the Sissi human remains and given the potential 
contamination, we conducted a second process of DNA isolation on all samples (the A2 to N2 DNA extracts) 
including a short step of soaking in diluted bleach, followed by a short lysis step, before the usual isolation 
procedure (Boessenkool et al. 2017). The addition of these steps was reported as peculiarly efficient for 
eliminating contaminations (the bleach should destroy the contaminating DNA molecules attached to the surface 
of the mineral structure) and to recover endogenous DNA (attached more strongly to the mineral structure and 
consequently recovered during the second lysis step). Unfortunately, the SNPs genotyping conducted on this 
second set of DNA extracts gave no result which supports the hypothesis of very poor DNA concentration in the 
Sissi human remains that was apparently lost during these supplementary steps.

Thus, the first set of classical paleogenetic analyses conducted on the Sissi human remains demonstrated poor 
concentration of endogenous DNA in only a few samples. Very partial and non-conclusive results indicated the 
possible presence of H1 and N1a/I mitochondrial haplogroups in the Sissi community. It is worth noting that 
these maternal lineages have been encountered in notable frequencies among Minoan groups from the Lasithi 
plateau and dated between 4400 and 3700 BP (43.2 % haplogroup H, 8.1 % haplogroup I; Hughey et al. 2013). 
However, poor DNA conservation indications compelled us to use paleogenomic analyses more adapted to 
highly degraded DNA.

3.	 2017-2018 – Paleogenomic analyses 

DNA libraries were constructed from 12 different DNA extracts, with the QIAseq Ultra Low Input kit 
(QIAGEN). We targeted five DNA extracts obtained during the first process of DNA isolation (the D1-F1-I1-
M1-N1 extracts) and seven extracts obtained during the second process of DNA isolation (the B2-C2-E2-F2-
G2-I2-K2 extracts) in order to assess DNA conservation for samples that had given no SNPs results (second 
set of DNA extracts), problematic SNPs profiles (the F1-I1 extracts) or complete/satisfying SNPs profiles (the 
D1-M1-N1 extracts).

Of the 12 libraries constructed, three gave no signal during the Bio Analyzer quantification, indicating the total 
absence of DNA. These extracts derived from the second set of DNA extractions (the C2-G2-K2 extracts). The 
remaining libraries (N=9) were submitted to shotgun sequencing on a Next Seq sequencer (75pb, paired-end). 
The results obtained for these nine libraries are compiled in Table 3.3.3. 

The number of reads obtained for DNA libraries B2, F2 and N1 were too low to be exploitable (explaining the 
aberrant percentage of endogenous DNA content measured for them). Shotgun sequencing allowed us to obtain 
more than 200000 reads for the six remaining DNA libraries although several problems should be highlighted: 

The presence of an important number of adapter dimers, which we did not manage to eliminate during selection 
size steps, due to very low DNA concentration in the extracts thus explaining the very low number of merged 
reads.

A low rate of reads mapping on the human genome reference (hg19), including an important rate of duplicates 
(i.e. reads present in several copies) indicating libraries with minimal complexity (low diversity of sequences). 
This low complexity causes a very important ‘cluster factor’.

A low percentage of endogenous human DNA for all exploitable libraries. Only the libraries constructed from 
the I1 and M1 extracts yielded more than 1 % of endogenous DNA. The recovered human DNA showed typical 
ancient DNA characteristics (such as the presence of contaminations and short reads) but the limited complexity 
of these libraries excluded any further exploitation.
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Tab. 3.3.2	 Results of mtDNA SNPs genotyping. Each DNA extract was genotyped twice to check for 
results reproducibility. Capital letters represent maternal lineages (haplogroups), numbers 
correspond to the analysed genome positions, A/C/G/T correspond to the alleles identified for 
each sample at the given position (ancestral alleles are in black whereas derived alleles are in 
red). The mtDNA haplogroups of the individuals that manipulated the samples are indicated
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7

deaminations and short reads) but the limited complexity of these libraries excluded any 
further exploitation. 

 

Sample 
Name 

DNA 
extract 

Total 
number of 

reads 

Number of 
mergedreads 

Number 
of reads 
mapped 
on Hg19 

Number 
of reads 
mapped 
on Hg19 
without 

duplicates 

% 
duplicates 

% 
endogenous 

DNA 

Cluster 
Factor 

A99-Sissi B2 16 4 4 4 0.00 28.57 1.000 
A102-Sissi E2 201 154 91 482 2 196 1 076 51.00 1.90 2.041 
A103-Sissi F2 99 42 28 28 0.00 28.57 1.000 
A106-Sissi I2 283 675 138 911 1 389 435 68.68 0.74 3.193 
T766-Sissi F1 383 764 75 001 2 701 241 91.08 0.93 11.207 
T767-Sissi M1 280 596 35 778 15 090 3 385 77.57 5.77 4.458 
T768-Sissi N1 33 6 7 7 0.00 41.18 1.000 
T773-Sissi D1 535 073 75 836 4 079 281 93.11 0.87 14.516 
T775-Sissi I1 271 629 10 097 4 227 297 92.97 8.82 14.232 
 

Table 3

 Although sampled and extracted with maximal precaution and analytical care, the fourteen 
human remains from Sissi did not meet the required level of endogenous ancient DNA content needed 
for further investigation. As a consequence, the maternal lineages characterized for the Sissi group could 
not be fully authenticated. We may nevertheless note that the mtDNA haplogroups potentially 
identified were already described in ancient Minoan population (Hughey et al. 2013) and may indicate 
genetic homogeneity for the Sissi community through time and space. Indeed, the main maternal 
lineage identified (haplogroup H1) was found in the three site zones (Zone 1, 2 and 9), with the 
exception of one child from zone 2. However, the maternal lineage of the latter one might be related to 
contamination. 
 

Finally, we should highlight that at the time of sampling the potential of inner ear parts of the 
petrous bone as the best part of the body to retain ancient DNA was not yet known (Pinhasi et al., 
2015). Given the state of preservation of the Sissi human remains, any further sampling should only 
focus on this anatomical part after its virtual preservation through micro-tomographic acquisitions. 
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: Results of shotgun sequencing of the Sissi DNA libraries. Bioinformatic analyses were performed with 
EAGER. 

 
Overall, the genetic and genomic results obtained confirmed the very low rate or even the 

absence of endogenous human DNA in the Sissi human remains. For the rare samples that did provide 
satisfying rates of endogenous DNA, the low complexity of the libraries at hand (indicating a very low 
diversity of the human sequences recovered) excluded further genetic exploitation of these remains. 
 

Conclusions 
 

Tab. 3.3.3	 Results of shotgun sequencing of the Sissi DNA libraries. Bioinformatic analyses were 
performed with EAGER

Overall, the genetic and genomic results obtained confirmed the very low rate or even the absence of endogenous 
human DNA in the Sissi human remains. For the rare samples that did provide satisfying rates of endogenous DNA, 
the low complexity of the libraries at hand (indicating a very low diversity of the human sequences recovered) 
excluded further genetic exploitation of these remains.

4.	 Conclusions

Although sampled and extracted with maximal precaution and analytical care, the 14 human remains from 
Sissi did not meet the required level of endogenous ancient DNA content needed for further investigation. As a 
consequence, the maternal lineages characterized for the Sissi group could not be fully authenticated. We may 
nevertheless note that the mtDNA haplogroups potentially identified were already described in the ancient Minoan 
population (Hughey et al. 2013) and may indicate genetic homogeneity for the Sissi community through time and 
space. Indeed, the main maternal lineage identified (haplogroup H1) was found in three zones of the site (Zone 1, 
2 and 9), with the exception of one child from Zone 2. However, the maternal lineage of the latter one might be 
related to contamination.

Finally, we should highlight that, at the time of sampling, the potential of inner ear parts of the petrous bone 
as the best part of the body to retain ancient DNA was not yet known (Pinhasi et al. 2015). Given the state of 
preservation of the Sissi human remains, any further sampling should only focus on this anatomical part after its 
virtual preservation through micro-tomographic acquisitions.




