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Abstract. The DNA is present in every cell of a person’s body, not only in the cell’s nucleus but also in its 
cytoplasm, in mitochondria. Of great importance is the fact that, except for the rare occurrence of a 
mutation, the DNA in every cell of the person’s body is identical. As a result, DNA can be taken from saliva, 
sweat, blood, hair, skin or bone cells for individual identification. The many opportunities to obtain DNA 
evidence can be seen, for example, in the number of places where saliva has been identified: a bite mark, an 
area licked, bed linens, a mask worn, paper tissue, a washcloth, a cigarette butt, a toothpick, the rim of a 
bottle or glass, but all of those sources are available just for present DNA. In the case of old DNA, also called 
ancient DNA (aDNA), the things are different and the possibilities to analyse the substrate of genetic 
information are limited to bone fragments or teeth. Even in these conditions, the DNA analysis is a very 
accurate and powerful tool for getting useful information in Archaeology. 
 
Rezumat. Fiecare celulă dintr-un organism conține ADN (Acid dezoxiribonucleic) care este prezent atât în 
nucleu, cât și în mitocondriile din citoplasmă. Cu excepția unor mutații genetice, ADN-ul este identic în 
toate celulele unui organism. Din acest motiv există foarte multe posibilități de obținere a ADN-ului cum ar 
fi: analiza salivei, a transpirației, a sângelui, a părului, a pielii sau a oaselor. Multiplele posibilități de 
obținere a ADN-ului pot fi exemplificate foarte bine prin numeroasele locuri din care poate fi recuperată 
saliva unui individ: o mușcătură, o zonă linsă, lenjeria de pat, o mască purtată, șervețel, prosop, țigară, 
scobitoare, sticlă sau pahar. Dar toate acestea sunt valabile doar pentru ADN-ului actual. În cazul probelor 
vechi, obținerea informației genetice se poate face, în general, doar prin analiza oaselor și a dinților. Chiar 
și în aceste condiții, analizele ADN reprezintă o importantă sursă de informații pentru arheologie. 
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Introduction 
 
DNA analysis can describe the latest developments in different scientific areas, with a 

clear and accessible discussion of the results of mitochondrial DNA and Y-chromosome 
analysis and of their integration with the archaeological5 and geo-climatic records6. 

If we are interested in peoples of a specific region7, like countries8 or even continents, 
how long ago the peoples move into this specific area9, how many peoples moved, how many 
times they moved, we can get the genetic data (mainly the mitochondrial DNA sequences) 
that will show us the patterns of variations in population and we can compare this data with 
patterns of variation from different populations10, but we need calibration points from 
archaeological records11, to know when we see evidences of past societies and how they are 
related with other communities12. Generally, it is a comparative process involving genetics, 
archaeology and sometimes linguistics or even fossil records if we are going back deep in 
time13, which requires a multidisciplinary analysis, because we need to create a complete 
image of that times. Even if genetics is a powerful tool to look into the history, it couldn’t tell 
us anything by itself, it has to be integrated in a comparative framework14. 

The analysis of ancient DNA (aDNA) is a relative new research tool in a wide variety of 
fields, from history and anthropology through genetics and emerging diseases to forensic 
medicine15. The human evolution and population history was often investigated using aDNA 
study16. During the last three decades since the first genetic data supporting the recently out 
of Africa hypothesis were produced17, hundreds of analyses of mtDNA, Y chromosome, and 
nuclear markers have largely continued to develop the model. The degree in which the 
molecular studies have included, in general, other anthropological information18, and the 
degree in which all this data where included in the archaeological models, is still highly 
variable19. However, in the introduction to a volume dedicated to reviews of human 

                                                      
5 BADRO et al. 2013, 1–11. 
6 van ANDEL 2003, 31–39. 
7 de-la-RUA et al. 2015, 306–311. 
8 CHILVERS et al. 2008, 2707–2713. 
9 IZAGIRRE, de la RÚA 1999, 199–205. 
10 REICH et al. 2009, 489–494; MILLER et al. 2011, 12348–12353; NOVEMBRE et al. 2008, 98–101; YANG et al. 2012, 725–731. 
11 HELED and DRUMMOND 2012, 138–149; DORNBURG et al. 2011, 519–527; WILKINSON et al. 2011, 16–31; NOWAK et al. 
2013, e66245. 
12 DODGE 2012, 22–30. 
13 GREEN, SHAPIRO, 2013, 286–288. 
14 FU et al. 2013, 553–559. 
15 ELANGO 2007, 28–36; KUMAR, RAO 2007, 36–77. 
16 DASKALAKI 2014, 14–15; KIRSANOW, BURGER 2012, 121–129. 
17 CANN et al. 1987, 31–36. 
18 GREALY et al. 2015, 37–47. 
19 MATISOO-SMITH, HORSBURGH 2012, 112. 
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dispersals, C. Renfrew identified the out of Africa hypothesis as an archaeo-genetic very 
inspiring story which take into considerations the genetic, archaeological, and linguistic data 
in the pursuit of more accurate and nuanced reconstructions of early prehistory20. 

The aDNA analysis contributed to the understanding of human evolution, studying 
various hominids and their relation to modern humans21. The Denisovans and Neanderthals 
complete mitochondrial genome22 and the draft nuclear genome for both species23 has led to 
the evaluation of their contribution to present-day ancestry and their geographic ancestor 
area24. Later studies demonstrated the origin of Denisovans and Neanderthals in Africa that 
migrated to Eurasia, much earlier than the modern humans25. 

Also, the picture of the Neolithic process in Europe was mostly revealed by mtDNA 
analysis of human remains from Central Europe, Northern Europe and Iberia26. The aDNA was 
an important tool in understanding the process of plants and animals’ domestication. Recent 
studies show that dogs are derived from wolves of Europe27, contradicting the theories that 
suggest dogs were domesticated either in the Middle East or in East Asia28. All these results 
were possible because the researchers working on human genetics and the one doing 
archaeology have moved to a more balanced understanding of the potential and limits within 
both disciplines29 

Recently, K. Kristiansen considers that the next generation of sequencing of ancient DNA 
which is now able to produce genomic data represents an important part of the so-called 
Third Science Revolution30. The mtDNA provided interesting information about major changes 
in the genetic composition of Europeans during the Neolithic31. The increasing data generated 
new haplogroups, some with possible origins in the east32, others in the Iberian Peninsula33. 
All these changes where almost completed by the Bronze Age34. 

                                                      
20 RENFREW 2010, 162–165. 
21 DASKALAKI 2014, 14–15. 
22 REICH et al. 2010, 1053–1060; GREEN et al. 2008, 416–426. 
23 MEYER et al. 2012, 222–226; GREEN et al. 2010, 710–722. 
24 NOONAN et al. 2006, 1113–1118. 
25 KRAUSE et al. 2010, 231–236; LALUEZA-FOX, GILBERT 2011, 1002–1009; LOWERY et al. 2013, 83–94; REICH et al. 2010, 
1053–1060; 
26 BRAMANTI et al. 2009, 137–140; HERVELLA et al. 2012, e34417; LEE et al. 2012, 571–579; MALMSTRÖM et al. 2009, 
1758–1762. 
27 THALMANN et al. 2013, 871–874. 
28 DASKALAKI 2014, 14–15. 
29 BROWN, PLUCIENNINK 2001, 101–104. 
30 KRISTIANSEN 2014, 13. 
31 HAAK et al. 2015, 207–211. 
32 HAAK et al. 2010, 1–16. 
33 OLALDE et al. 2015, 1–11. 
34 ALLENTOFT et al. 2015, 167–172.  
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Within the Genetic Evolution: New Evidences for the Study of Interconnected Structures. A 
Biomolecular Journey around the Carpathians from Ancient to Medieval Times (GENESIS) project we 
intend to create a database which will give us the possibility to connect our genetic approach 
and results with other European research programs which are targeting South-eastern 
Europe35. We are focusing on understanding at a regional scale the genetic characteristics, the 
appearance of different haplogroups and the dynamic of some communities from prehistory 
to the Middle Ages. A timespan that yielded major genetic changes at a European scale and 
represents a central theme of our investigations is Early Bronze Age. One can say that some of 
the moving communities which can be traced archaeologically from the Steppes towards 
Central European regions originate in the Steppes Pit Grave culture36. 

Despite its huge potential, the archaeological genetics has a variety of challenges, from 
DNA preservation and contamination to the sample access37. These challenges, have led this 
field to become stricter and more highly method oriented, in order to overcome this issues 
and to recover all genetic information that can be obtained from a specimen. 

In this study we will describe technical aspects associated with successful, authentic and 
reliable DNA recovery from old samples. We hope to give an interesting and comprehensive 
overview of the process of analyzing DNA obtained from archaeological remains and of their 
possible use in the archaeological analysis. 

 
The basic DNA structure 
 
DNA, or deoxyribonucleic acid, is the hereditary material in almost all living organisms, a 

small percent being RNA based organism. Every human cell has the same genetic information 
and the same DNA structure. Most DNA is located in the cell nucleus (referred as nuclear 
DNA) and a small amount of DNA can also be found in the mitochondria (referred as 
mitochondrial DNA or mtDNA). 

DNA consists of two parallel spiral strands that form a double-helix38. Each strand is 
actually a linked chain in which the links consist of a very large number of units called 
nucleotides, representing the genetic information stored as a code made up of four chemical 
bases. Every nucleotide is made up of three smaller chemical compounds: a phosphate, a 
sugar, and a base39. There are four different bases, which are referred to by using the first 
letter of their names: A (adenine), T (thymine), G (guanine), and C (cytosine). A and G are 
double-ringed nitrogen-containing compounds, called purines; T and C are single-ringed 

                                                      
35 Excellence Cluster Topoi, Research Project A-2-1. Pastoralism on the Eurasian Steppe. www.topoi.org/project/a-2-1/. 
36 BOLOHAN et al., 2014; BOLOHAN et al., 2015. 
37 DASKALAKI 2014, 15. 
38 LODISH et al. 2004, 102–108. 
39 ANTHONY-CAHILL et al. 2012. 
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nitrogen-containing compounds, called pyrimidines40. The base is the important identifying 
part of a nucleotide41. Each phosphate group is linked to a sugar molecule, which, in turn, is 
attached to one of the four nitrogen-containing bases. The phosphate group of each 
nucleotide is also chemically bonded to the sugar molecule of the adjacent nucleotide, 
forming the polynucleotide chain42. 

 
Nuclear and mitochondrial DNA 
 
The offspring of sexually reproducing organisms inherit approximately half of their DNA 

from each parent. In a diploid, sexually reproducing organism for example, this means that 
within the nuclear genome one allele at each locus came from the mother and the other allele 
came from the father43. This is known as biparental inheritance. However, even in sexually 
reproducing species, not all DNA is inherited from both parents. Two important exceptions 
are the uniparentally inherited organelle genomes of mitochondria (mtDNA) and plastids, 
with the latter including chloroplasts (cpDNA)44. These are both located outside the cell 
nucleus. Mitochondria are found in both plants and animals, whereas plastids are found only 
in plants. Organelle DNA typically occurs in the form of supercoiled circles of double-stranded 
DNA, and these genomes are much smaller than the nuclear genome. For example, at between 
15000 and 17000bp the mammalian mitochondrial genome is approximately 1/10000 the size 
of the smallest animal nuclear genome45, but what they lack in size they partially make up for 
in number – a single human cell normally contains anywhere from 1000 to 10000 
mitochondria. Molecular markers from organelle genomes, particularly animal mtDNA, have 
been exceedingly popular in ecological studies46 because, as we shall see below, they have a 
number of useful attributes that are not found in nuclear genomes. Nuclear and 
mitochondrial chromosomes consist of two types of nucleotides: (1) those that make up the 
genes, called coding sequences, and (2) those whose function is largely unknown, referred to 
as noncoding regions47. The nucleotides in coding and noncoding portions of a chromosome 
are exactly alike in chemical composition and bonding characteristics; they differ solely in 
whether or not they contribute to one or more of the individual’s traits (phenotype). 

                                                      
40 ALBERTS et al. 2002. 
41 MAO 2004, 2036–2038. 
42 ANTHONY-CAHILL et al. 2012. 
43 RIDLEY 2006. 
44 BUTLER 2005, 123–145. 
45 LEWIN 2004; GREGORY et al. 2007. 
46 HARRISON 1989, 6–11. 
47 WATERS 2013. 
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Finally, the nuclear chromosomes and cytoplasmic mitochondria are transferred from one 
generation to the next along different paths, which greatly affects their applications in 
Archaeology. 

In the last decade, advances in genomic sequencing are starting to provide insight into the 
complex narrative of human ancestry embedded in human DNA, particularly through genetic 
variation. Genetic variants are sequences of DNA base pairs that differ from more common 
ancestral sequences and can be traced to specific human populations, either present or past 
by ancient DNA. The genetic analysis of human ancestry is a search for variants in an 
individual’s genetic code and determine how related that person is to specific ethnic and 
geographic populations. For males, if the samples are very good preserved, the Y 
chromosome is sequenced since this allele is always passed down from father to son; for 
females, mitochondrial DNA is sequenced, since a daughter inherits the DNA from her 
mother. Genetic variants found in these sequencing data can be used to construct a paternal 
or maternal evolutionary tree, showing how certain human populations connect to each 
other. 

 

 
 

Figure 1. Graphical representation of the normal human karyotype showing the organization of the 
genome into chromosomes. The karyotype indicates the number and morphology of chromosomes  

in a eukaryotic cell undergoing mitosis (44 somatic autosomes and 2 sex chromosomes XX for females  
or XY for males). 
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Nuclear DNA 
 
Although DNA in the nuclear chromosome and the cytoplasmic mitochondria of a cell are 

composed of complementary poly-nucleotide chains, their numbers, sizes, and geometric 
arrangements are quite different. A normal human somatic cell has 46 or, 23 pairs of 
chromosomes (Figure 1), having received one of every pair of homologous chromosomes from 
each parent. The number varies slightly depending on whether the set of chromosomes being 
considered includes the X, resulting in more base pairs, or the Y chromosome. 

The total human genome, or 99.9% of it, was originally decoded and published in 2001 and 
updated in 2002 and 200448. This was the culmination of a joint multinational effort and 
nearly 10 years of work. The total size of the human genome was found to be approximately 
3.2 billion bp.  

In nuclear chromosomes, the coding and noncoding sequences are distributed 
intermittently along the length of each DNA double helix (Figure 2). 

 
 

 
 

Figure 2. Chromosome internal structure. 

                                                      
48 LANDER et al. 2001, 860–921; VENTER et al. 2001, 1304–1351; COLLINS et al., 2004, 931–945. 
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The ability to designate whether a sample originated from a male or female contributor is 
extremely valuable in case of incomplete human remains, bone fragments, if sex 
identification is required. The most popular method for sex typing is the short tandem repeat 
(STR) analysis. Recently, Y chromosome-STR analysis has become available and has provided 
identification where STR analysis was not definitive. Several genetic markers have been 
identified on the Y chromosome that are distinct from autosomes markers, being useful for 
human (male) identification. The Y-STR markers are found on the noncoding region located 
on both arms of the Y chromosome. The Y-STR markers produce a haplotype profile when 
amplified from male DNA and are extremely valuable in the analysis of lineage and the 
reconstruction of family relationships. Because these markers are only paternally inherited, 
they are useful in paternity-related matters. In order to determine the sex of the individuals 
studied a dimorphism in the amelogenin gene can be analysed. This gene encodes a protein 
involved in the formation of dental enamel; it is a single copy gene located at position Yp11.2 
of Y chromosome with its counterpart in the region Xp22.3–p.22.1 the X chromosome. In the 
X chromosome a 6bp deletion is present. This marker is used in forensic studies and it is of 
great importance in archaeology, allowing sexing individuals even when not all the skeletal 
parts are available to establish it by their morphological characteristics. In this case, a small 
region where the dimorphism is located can be amplified and the sizes of the fragments 
obtained can be compared in 2.5% agarose electrophoresis. 

In addition, Y-STR markers’ use and effectiveness in lineage studies can extend to 
answering questions of common ancestral geographical origin. Y-STR markers, together with 
mitochondrial DNA (mtDNA) markers will complement each other in these ancestral analyses. 

 
Mitochondrial DNA 
 
The mitochondria (singular, mitochondrion) are cytoplasmic structures (organelles) 

involved in cells’ energy production49. Although mitochondria contain their own DNA 
genomes, mitochondrial genes are inherited in a different manner from nuclear genes 
because the zygote’s mitochondria come only from the mother’s egg, because the father’s 
sperm contributes only nuclear DNA to the new embryo. For this reason, all sons and 
daughters have the same mitochondrial DNA (mtDNA) as their mothers, and mtDNA is passed 
on, virtually unchanged, from one generation to the next through the maternal line of a 
family. No meiosis is involved in mtDNA replication, and therefore no segregation of alleles or 
independent assortment takes place. Since little to no genetic recombination occurs on the 
mitochondrial chromosome50, all genes are inherited as if they were a single unit. Because 
only maternal DNA is present, mtDNA can be considered haploid for mitochondrial genes.  

                                                      
49 HENZE, MARTIN 2003, 127–128. 
50 EYRE-WALKER et al. 1999, 477–483; AWADALLA et al. 1999, 2524–2525. 
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The number of mitochondria varies greatly with the type of cell and stage of its 
development, ranging usually between 200 and 1000; the number of nucleotides in a 
mitochondrial DNA molecule is fixed at 16569 base pairs51 (Figure 3). Each mitochondrion, 
however, typically contains two or three DNA molecules. 

In a mitochondrial ring chromosome, the coding and noncoding areas are entirely 
separate, with the noncoding portion of the chromosome being located in a region referred to 
as the control region (also called the displacement loop or D-loop). The control region 
contains about 1,100 base pairs and is divided into 2 distinct sections, hypervariable 1 (HV1) 
and hypervariable 2 (HV2). The various base sequences of the control region nucleotides are 
the most useful in identifying a, human genetic variation and population genetics, but also 
the human populations migration. 

 

 
 

Figure 3. Human mitochondrial DNA. 

 

                                                      
51 ANDERSON et al. 1981, 457–465. 
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Furthermore, the ends of each mitochondrial DNA molecule are bonded together, forming 
a total of two or three circular DNA rings per mitochondrion. By common agreement, the ring 
chromosome is viewed as the face of a clock with the base pairs numbered from 1 at the 12 
o’clock position and proceeding clockwise to 16569. 

In addition, mtDNA contains no STRs (Single Tandem Repeats) and is analysed, instead, for 
the sequence of bases in its DNA. STR DNA typing does not work for all biological samples. 
MtDNA analysis can, however, frequently be used to obtain some DNA typing information 
when samples contain DNA that is highly degraded or insufficient for nuclear DNA STR 
analysis. Older biological samples that contain very little nucleated cellular material (for 
example, hair, bones, and teeth) cannot be analysed for STRs, but such samples can 
frequently be analysed for mtDNA52. Although nuclear DNA contains much more information 
than mtDNA, it is present in only two copies per cell; a cell contains hundreds to thousands of 
copies of mtDNA. For archaeological purposes, mtDNA is considered to be inherited solely 
from one’s mother. Because a mother passes her mtDNA to all of her children, all siblings and 
maternal relatives have the same mtDNA sequence, and unlike nuclear DNA, mtDNA is not 
unique to an individual. This pattern of maternal inheritance is helpful in identifying the 
genetic structure of human populations at different moments in time and the evolution of 
these populations from an ancient time to present, also the estimation of the admixture 
degree between populations53. 

MtDNA is analysed by sequencing, a process that determines the order (sequence) of the 
DNA nucleotides in a DNA segment. The particular regions of the mtDNA genome sequenced 
are those that are the most variable among individuals, that is, the hypervariable control 
regions HV1 and HV254. Methods for sequencing DNA are usually performed with the same CE 
instruments that are used for STR analysis; different PCR and CE analysis strategies, however, 
are used for this type of DNA analysis. 

For mtDNA sequencing, the DNA of each hypervariable region is first amplified. The 
amplified PCR product for each particular region is then individually used in another PCR 
reaction, in which, in addition to the usual dNTP building blocks, special types of nucleotides 
that stop DNA replication (dideoxyribonucleotide triphosphates: ddNTPs) are also present. 
Each of the four ddNTPs is labelled with a fluorescent dye of a different colour. When a ddNTP 
is added to a growing segment of DNA instead of a dNTP, DNA extension stops immediately, 
and no new nucleotides are added. Because both types of NTPs are present, different PCR 
products will be terminated at different points on the DNA template, and a mixture 
containing a series of DNA fragments, each differing by one base pair in length, is formed. CE 
then separates these fragments, and because each has the label of the last base (ddNTP) 

                                                      
52 RENFREW 2001, 4830–4832. 
53 ELHAIK et al. 2014. 
54 STONEKING 2000, 1029–1032. 
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added, the entire sequence of bases in the DNA region examined can be obtained. After the 
sequence is generated, it is compared to a reference sequence for mtDNA, and differences are 
noted. MtDNA coming from the same person or from a person with the same maternal lineage 
is expected to have the same DNA sequence and therefore the same differences from the 
reference sequence. 

 
The analysis of mtDNA 
 
When sample size is limited, as is the case when only a small segment of bone or a tooth is 

found, mitochondrial DNA sequencing is the method of choice to determine the origin of such 
samples55. Mitochondrial DNA sequencing is also useful when an evidentiary biological 
specimen is degraded by environmental factors or aging, and nuclear DNA testing fails. Unlike 
nuclear DNA, mtDNA is present in high copy number, with hundreds of mitochondria present 
in most cells. 

The mitochondrial genome is a closed circle of DNA that consists of 16569 base pairs. The 
two strands of the molecule are referred to as the heavy (H) and light (L) strands. The former 
strand has the largest number of guanine nucleotides. These bases have the largest molecular 
weight of all four DNA building blocks. As a result, the H strand can easily be separated from 
the L strand by centrifugation. The genome contains regions that code for 36 gene products, 
including specific proteins and ribonucleic acids that are involved in the structure and 
function of the mitochondrion as well as a control region, whose purpose is to regulate 
mitochondrial DNA replication. The control region contains two segments of DNA that are 
highly polymorphic and described as hypervariable (HV). Thus, the researcher is primarily 
interested in regions HV1 and HV2. The first, HV1, has a sequence of 342 bp (16,024–16,365) 
and the second, HV2, has a sequence of 268 bp (73–340)56. All of these bases (610 bp combined) 
are sequenced in ancient mtDNA analysis. 

It would be very difficult to totally sequence exemplars (known reference samples) and 
evidentiary items and then report this total sequence information from beginning to end. To 
avoid any confusion in the comparison of two specimens, the researcher compares each 
specimen’s mtDNA sequence to a reference sequence, and then describes differences found at 
specific sites. These differences are used for identifying the haplotypes. 

A haplotype is a group of genes within an organism that was inherited together from a 
single parent. The word ”haplotype“ is derived from the word ”haploid”, which describes 
cells with only one set of chromosomes, and from the word ”genotype”, which refers to the 
genetic makeup of an organism. A haplotype can describe a pair of genes inherited together 
from one parent on one chromosome, or it can describe all of the genes on a chromosome 

                                                      
55 LUTZ et al. 1996, 205–209. 
56 STONEKING 2000, 1029–1032. 
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that was inherited together from a single parent. This group of genes was inherited together 
because of genetic linkage, or the phenomenon by which genes that are close to each other on 
the same chromosome are often inherited together. In addition, the term "haplotype" can 
also refer to the inheritance of a cluster of single nucleotide polymorphisms (SNPs), which are 
variations at single positions in the DNA sequence among individuals57. 

In human genetics, a human mitochondrial DNA haplogroup is a group of similar 
haplotypes that share a common ancestor having the same single nucleotide polymorphism 
(SNP) mutation in all haplotypes58. Because a haplogroup consists of similar haplotypes, it is 
possible to predict a haplogroup from haplotypes. An SNP test confirms a haplogroup. 
Haplogroups are assigned letters of the alphabet, and refinements consist of additional 
number and letter combinations. Haplogroups are used to represent the major branch points 
on the mitochondrial phylogenetic tree59. Understanding the evolutionary path of the female 
lineage has helped population geneticists trace the matrilineal inheritance of modern 
humans back to human origins in Africa and the subsequent spread around the globe60. 

The letter names of the haplogroups (not just mitochondrial DNA haplogroups) run from 
A to Z. As haplogroups were named in the order of their discovery, they (meaning the 
accidental dictionary ordering of the letters) do not reflect the actual genetic relationships. 

The hypothetical woman at the root of all these groups (meaning just the mitochondrial 
DNA haplogroups) is the matrilineal most recent common ancestor (MRCA) for all currently 
living humans. She is commonly called Mitochondrial Eve61. 

 
aDNA recovery 
 
Initially, the development of the polymerase chain reaction (PCR) induced an early trend 

of DNA recovery reports from various source like plant fossils62, dinosaurs63 and insects 
trapped in amber64. Throughout time, more of these early reports are regarded with caution 
and considered to be products of contamination or artefacts65. However, despite its 
controversial past, the field of archaeogenetics is a reliable research area due to recent 
methodological improvements66. Due to the recent PCR development, that allows 

                                                      
57 The International HapMap Consortium 2003, 789–796. 
58 SHARMA et al. 2005, 497–506. 
59 Van OVEN, KAYSER 2009, E386–E394. 
60 TOLK et al. 2001, 717–723; BEKADA et al. 2013, e56775. 
61 SHARMA et al. 2005, 497–506. 
62 GOLENBERG et al. 1990, 656–658; SOLTIS et al. 1992, 449–451. 
63 WOODWARD et al. 1994, 1229–1232. 
64 CANO et al. 1993, 536–538; DeSALLE et al. 1992, 1933–1936. 
65 AUSTIN et al. 1997, 467–474; PÄÄBO et al. 2004, 645–679; HEBSGAARD et al. 2005, 212–220; PENNEY et al. 2013, e73150. 
66 RIZZI et al. 2012, 21–29. 
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amplification of aDNA even if a small number or just a single copy is available, a rapid 
increase and diversification of ancient DNA research67 was observed. However, the aDNA 
recovery is still a challenge, mainly determined by the aDNA damage and the contamination 
with modern DNA68.The archaeological remains presents, in general, a small amount of 
endogenous genetic material, ancient DNA, able to be amplified by PCR. Mainly two types of 
damage are likely to affect DNA in archaeological deposits. The DNA macromolecule possess a 
limited chemical stability without a repair mechanisms69. After cell death, the DNA is cut into 
fragments by nucleases70 or is digested by micro-organisms71. Long-term degradation of the 
DNA is done by the hydrolysis of amino groups, resulting the loss of purine or pyrimidine 
residues72, or by oxidative damage mediated by free radicals73. 

Another major issues in aDNA recovery is the contamination risk, especially when dealing 
with human ancient DNA than with animal or plant ancient DNA74. Several studies reported 
that modern human DNA contamination is the top priority in the amplification process from 
aDNA template75. Also, it is impossible to completely remove modern human DNA from 
ancient bones even with extensive UV or bleach treatments76. An alternative in order to avoid 
contamination with modern DNA is to use teeth when are well preserved and directly 
removed from the jaw or maxilla. They present a lower risk of contamination in comparison 
with bone remains. Several studies77 recommend hair as a more reliable source for studies on 
human ancient DNA, even if its presence is less common in ancient specimens. 

Overall, the main source of sample contamination seems to be the human handling during 
and after excavation. Washing procedures and direct handling more often contaminate the 
both sample surfaces and depending on the porosity, also the interior of bones78. To avoid 
contamination, samples should be collected at the archaeological site using disposable gloves 
(changed between different samples), facemask, head-dress gown and lab coat. Another, 
important factors are the storage conditions (preferably at -20°C and as dry is possible), in  
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Figure 4. Researchers required dress code in aDNA analysis. 
 

 
 

Figure 4. Samples preparation steps: (A) drying after sodium hypochlorite wash,  
(B) UV exposure, and (C) bone powder sampling. 

 

 
 

Figure 5. Graphical abstract of aDNA extraction steps. 
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order to minimize further DNA damage79. Finally, if a sample is susceptible to contamination, 
saliva samples should be taken from each person who has handled the material, as a control. 

 
aDNA extraction: millstones and limitations 
 
DNA extraction is probably the most crucial step in any ancient DNA analysis80. In this 

prior phase there is a huge risk to lose all potential genetic information. Even if the extraction 
is by far the most important step, there are few debates about the most appropriate method81. 

The extraction of aDNA from bone remains involves two main activities: samples 
preparation and extraction protocol. Behind the strict condition needed in the extraction 
room, like total isolation, positive pressure and UV decontamination overnight, the 
researcher himself could and most often represent a contamination source, therefore some 
measures must be followed (facemask, gloves, disposable lab coat and other accessories so 
that no layer of skin remains uncovered, Figure 4). 

Sample preparation also requires specific steps to avoid the contamination. After the 
cleaning of the potential debris with a dry brush of the bones remains82, two supplementary 
steps are needed: washing with sodium hypochlorite (NaOCl) and UV exposure. In a different 
study83, was shown that the NaOCl treatment minimizes the risk of modern DNA 
contamination. UV irradiation for short time also minimizes the risk of contamination with 
modern DNA, damaging all potential exogenous DNA. Finally, with a dedicated bone drill in a 
small area the bone surface is removed and then bone powder can be sampled (Figure 5). 

Extraction protocol of aDNA from bone remains has transformed over the years, known 
many variants that have been developed and used for accessing DNA from ancient material. 
Some methods utilize somewhat unusual reagents, for example Coca Cola84, but the most 
prevalently used in recent years are the silica based approaches85 and phenol/chloroform 
extraction and its derivatives. Regardless of the extraction method used, is necessary a prior 
demineralization step86, total or just partially. After aDNA extraction one more 
supplementary step is required, DNA quality assessment (Figure 6). PCR application is a 
crucial step after extraction, being able to infer if the aDNA is or it is not contaminated. 
Furthermore, the inclusion of many blank controls in all processing stages is important in 
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order to control for potential lab contamination87. Even if all precautions are taken, 
periodically contamination can be observed in negative controls88, in which case all the 
samples have to be discarded89. 

Exogenous DNA was an important issue since the beginning of archaeogenetics studies90, 
leading to establishment of specific guidelines (Textbox 1) by the pioneers of the field91. 
 

 
 

Textbox 1. The golden rule ― guidelines for aDNA good laboratory practice by Cooper and Poinar 2000. 
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2003, 355–364. 
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“Ancient DNA: Do It Right or Not at All” 
 

“Physically isolated work area. To avoid contamination, it is essential that, prior to the amplification stage, all 
ancient DNA research is carried out in a dedicated, isolated environment. A building in which large amounts of 
the target DNA are routinely amplified is obviously undesirable. 
Control amplifications. Multiple extraction and PCR controls must be performed to detect sporadic or low-
copy number contamination, although carrier effects do limit their efficacy. All contaminated results should be 
reported, and positive controls should generally be avoided, as they provide a contamination risk. 
Appropriate molecular behavior. PCR amplification strength should be inversely related to product size 
(large 500- to 1000-base pair products are unusual). Reproducible mitochondrial DNA (mtDNA) results should be 
obtainable if single-copy nuclear or pathogen DNA is detected. Deviations from these expectations should be 
justified; e.g., with biochemical data. Sequences should make phylogenetic sense. 
Reproducibility. Results should be repeatable from the same, and different, DNA extracts of a specimen. 
Different, overlapping primer pairs should be used to increase the chance of detecting numts or contamination 
by a PCR product. 
Cloning. Direct PCR sequences must be verified by cloning amplified products to determine the ratio of 
endogenous to exogenous sequences, damage-induced errors, and to detect the presence of numts. Overlapping 
fragments are desirable to confirm that sequence variation is authentic and not the product of errors introduced 
when PCR amplification starts from a small number of damaged templates. 
Independent replication. Intra-laboratory contamination can only be discounted when separate samples of a 
specimen are extracted and sequenced in independent laboratories. This is particularly important with human 
remains or novel, unexpected results. 
Biochemical preservation. Indirect evidence for DNA survival in a specimen can be provided by assessing the 
total amount, composition, and relative extent of diagenetic change in amino acids and other residues. 
Quantitation. The copy number of the DNA target should be assessed using competitive PCR. When the number 
of starting templates is low (<1,000), it may be impossible to exclude the possibility of sporadic contamination, 
especially for human DNA studies. 
Associated remains. In studies of human remains where contamination is especially problematic, evidence 
that similar DNA targets survive in associated faunal material is critical supporting evidence. Faunal remains also 
make good negative controls for human PCR amplifications.” 
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Even when all the golden rules are respected and all laboratory restrictions are satisfied, 
still the contamination can appear. In this case the contamination occurred during 
excavation and post-excavation and this is a limit that cannot be exceeded in the lab. The 
communication between geneticists, archaeologists and anthropologists seems to be the only 
solution able to overcome the limits of the archaeogenetics. 

As Mende considered in 200692, the application of scientific results in the interpretation of 
historical processes is frequently influenced by major difficulties and limitations. It is 
therefore necessary to analyse these limitations which determine the direct applicability of 
results obtained by archaeogenetic research: 

 

• limitations on conclusions and difficulties of interpretation and chronology, mainly due to 
the fact that samples subjected to genetic analysis already represent an archaeological-
historical, consequently also chronological, preconception. 
 
 

• limitations posed by the ”inaccuracy“ of databases – during the results evaluation, it is 
also important to consider the relationships between the available databases, which shall be 
evaluated according to geographical and chronological aspects. The majority of reference 
databases are built on ”modern“ samples, which means that the information concerning the 
population of a given area either has little or no time depth, or offers possibilities of 
interpretation of extremely long time spans, as is the case of mtDNA haplogroups. 
 

• limitations raised by diachronic and taphonomic processes on DNA preservation, 
depending on the microenvironment and the significance of sampling problems either should 
not be underestimated. These aspects are mostly important when there are no opportunities 
to select the best of several samples. Previous studies have shown that the relationship 
between the DNA preservation potential of bones (and the related success of analysis) and 
time of deposition is not as important as the effects of micro- and macro-environmental 
factors, burial rite and isolation that all influence the success of the PCR reaction. It is also 
problematic to evaluate the remains of children, because in the case of juvenile skeletons, 
which already contain only a negligible amount of cortical bone, it is more difficult to take 
non-contaminated samples, being a fundamental issue upon the success of viable DNA 
isolation and amplification. Meanwhile, in order to clarify internal kinship relations and 
chronological sequences within groups of burials, one should know their genetic affiliations 
as well. An additional difficulty is posed by the unfortunate fact that many physical 
anthropologists are hesitant when destructive sampling techniques must be used, even on a 
relatively small scale. 
 

• limitations of technology and financing research. 
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Applications of DNA analysis in archaeology 
 
One of the most intriguing questions in archaeology is the possible reconstruction of 

phylogeny and the elucidation of the evolutionary processes. The genetic relationship between 
extinct hominins, mostly Neanderthals and modern humans represents a very contentious 
subject in archaeology93. Even if some inferences about the human population’s history were 
done already by the pioneering study of Cann and co-workers94, the determination of 
phylogenetic relationship between modern humans and extinct hominins can get more 
reliable results using aDNA analysis. Because there are no Pleistocene anatomically modern 
human’s genomes, the detection and quantification of levels of interbreeding between 
anatomically modern humans and Neanderthals is approached by comparing modern human 
DNA and Neanderthal aDNA95. The limits of this approach are due to the fact that Homo sapiens 
sapiens and Homo sapiens neanderthalensis had a close evolutionary relationship and the 
number of the expected differences between the two is small96. In order to clarify the 
phylogenetic relationship and possible patterns of interactions or degrees of affinity between 
hominin groups , mitochondrial and nuclear DNA have been used to estimate population and 
genomic divergences between Neanderthals, early modern humans and the archaic hominins 
of the Denisova cave97. Even if most of the physical evidence of hominin evolutionary history 
lies irretrievably beyond the limits of aDNA molecular survival, palaeogenetic analysis of non-
Neanderthal extinct hominins has the potential to extend our knowledge on the hominin 
evolutionary history98. Palaeogenetic data have also influenced the study of hominin 
philogeography, offering important information about the ecological and geographic context 
of archaic hominins. mtDNA data have been used to determine the eastward extent of the 
Neanderthals99, while Denisovans aDNA data has been used to compare the putative range of 
these archaic hominins with that of the Neanderthals100. For a better image on the spatial 
distribution of the modern human genetic lineages it was used also the mitochondrial 
sequence data obtained from archaeological modern human specimen such as the Tirolean 
Iceman (Ötzi) even if the informational content obtained from a single human lineages in 
space and time are very limited101. 
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aDNA recovered from specimens representing a diachronic sequence can be used to 
interpret the development of population structure102, changes in diversity103, population 
movements104 and the relationship of these factors to cultural development and 
socioeconomic exchange patterns105. Data obtained from aDNA were used in the debate 
concerning the nature of the transition from foraging to agriculture in Europe. Depending on 
the model proposed for the transmission of agricultural technology, different models for the 
genetic relationships between hunter-gatherers and farmers were inferred. The demic 
diffusion model considers that farming may have become established through the replacement 
of indigenous hunter-gatherers by immigrant farmers, while the cultural diffusion model does 
not take into consideration population replacement and is compatible with genetic continuity 
from pre-Neolithic times to present106. Based on the aDNA analysis it has been argued that 
modern Central and Northern Europeans bear regionally variable proportions of ancestry 
from both original hunter-gatherers and early farmers107. Recent data from the Iberian 
Peninsula found similar haplogroup compositions in the Neolithic populations and modern 
Iberians, which is compatible with the demic diffusion model of agriculture to region108. mtDNA 
from Scandinavian hunter-gatherers reveals a genetic discontinuity between prehistoric 
hunter-gatherers and modern Scandinavians, supporting a population shift with the adoption 
of agriculture, which, also, supports the demic diffusion model109. Recent data obtained for the 
Neolithic from Central Europe indicate a demic influence from the steppe and point to a more 
complex and dynamic process of the Neolithic transition in some regions of Europe110. The 
complexity and dynamism of the demic diffusion model in South-eastern Europe is supported, 
also, by the recently published mtDNA from Romania111. If the Neolithic agricultural 
transition was more similar to a mosaic which supports also the demic diffusion model and the 
cultural diffusion model, this has to be supported by future regional aDNA datasets.  

 
Conclusions 
 
There are several reasons why the mtDNA markers have been used extensively in 

archaeological investigations. First of all, mtDNA is relatively easy to work with. Its small size, 
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coupled with the conserved arrangement of genes, means that many pairs of universal 
primers will amplify regions of the mitochondria in a wide variety of vertebrates and 
invertebrates. This means that data often can be obtained without any a priori knowledge 
about a particular species’ mitochondrial DNA sequence. Second, although the arrangement 
of genes is conserved, the overall mutation rate is high. The rate of synonymous substitutions 
in mammalian mtDNA has been estimated at 5:7 × 10-8 substitutions per site per year112, which 
is around ten times the average rate of synonymous substitutions in protein-coding nuclear 
genes. The non-coding control region, which includes the displacement (D) loop, evolves 
particularly rapidly in many taxa. The high mutation rate in mtDNA may be due partly to the 
by-products of metabolic respiration and also to less-stringent repair mechanisms compared 
with those acting on nuclear DNA113. Regardless of the cause, these high mutation rates mean 
that mtDNA generally shows relatively high levels of polymorphism and therefore will often 
reveal multiple genetic lineages both within and among populations.  

The third relevant property of mtDNA is its general lack of recombination, which means 
that offspring usually will have (barring mutation) exactly the same mitochondrial genome as 
the mother. As a result, mtDNA is effectively a single haplotype that is transmitted from 
mothers to their offspring. This means that mitochondrial lineages can be identified in a 
much more straightforward manner than nuclear lineages, which, in sexually reproducing 
species, are continuously pooling genes from two individuals and undergoing recombination. 
The effectively clonal inheritance of mtDNA means that individual lineages can be tracked 
over time and space with relative ease, and this is why, as we will see later, mtDNA sequences 
are commonly used in studies of phylogeny and phylogeography. 

Finally, because mtDNA is haploid and uniparentally inherited, it is effectively a quarter of 
the population size of diploid nuclear DNA. Because there are fewer copies of mtDNA to start 
with, it is relatively sensitive to demographic events such as bottlenecks. These occur when 
the size of a population is temporarily reduced, e.g. following a disease outbreak or a 
catastrophic event. Even if the population recovers quickly, it will have relatively few 
surviving mitochondrial haplotypes compared with nuclear genotypes. As we will see in later, 
inferring past bottlenecks can make an important contribution towards understanding the 
current genetic make-up of populations. 

The ability to genotype from bone and teeth remains depends entirely on whether DNA 
can be recovered from these calcified tissues. It is often the case that only small fragments of 
bone or teeth can be recovered and thus methods of extraction must be efficient and 
nondamaging to the endogenous DNA available. The anthropology and archaeology alike 
have benefited from the genetic analyses of DNA contained in fragments of well-preserved 

                                                      
112 BROWN et al., 1982, 225–239. 
113 WILSON et al., 1985, 375–400. 



Neculai Bolohan, Mitică Ciorpac, Florica Mățău, Dragoș Lucian Gorgan 

177 

bone or tooth. Such DNA can provide invaluable links to the past and help to determine 
indigenous foundations and reveal ancestral flow. 

aDNA data can be used to clarify the evolutionary relationships between hominin species 
and to understand the evolutionary processes affecting the hominin lineage, answering to the 
previously formulated questions by the archaeologists. Except this, aDNA analyses are very 
useful for exploring the affinities and interactions between members of the same populations, 
and between hominin populations and their hypothetical ancestors and descendants. By 
adding aDNA data to archaeological and linguistic evidences we can investigate the 
relationship between population dynamics and sociocultural change. 

 
 

References 
 

ALBERTS, B., JOHNSON, A., LEWIS, J., RAFF, M., ROBERTS, K., WLATER, P. 2002. Molecular Biology of the Cell, 
4th edition. New York. 

ALLENTOFT, M.E., SIKORA, M., SJÖGREN, K.-G., RASMUSSEN, S., RASMUSSEN, M., STENDERUP, J., 
DAMGAARD, P.B., SCHROEDER, H., AHLSTRÖM, T., VINNER, L., MALASPINAS, A.-S., MARGARYAN, A., 
HIGHAM, T., CHIVALL, D., LYNNERUP, N., HARVIG, L., BARON, J., Della CASA, P., DĄBROWSKI, P., 
DUFFY, P.R., EBEL, A.V., EPIMAKHOV, A., FREI, K., FURMANEK, M., GRALAK, T., GROMOV, A., 
GRONKIEWICZ, S., GRUPE, G., HAJDU, T., JARYSZ, R., KHARTANOVICH, V., KHOKHLOV, A., KISS, V., 
KOLÁŘ, J., KRIISKA, A., LASAK, I., LONGHI, C., MCGLYNN, G., MERKEVICIUS, A., MERKYTE, I., 
METSPALU, M., MKRTCHYAN, R.,MOISEYEV, V., PAJA, L., PÁLFI, G., POKUTTA, D., POSPIESZNY, Ł., 
PRICE, T. D., SAAG, L., SABLIN, M., SHISHLINA, N., SMRČKA, V., SOENOV, V. I., SZEVERÉNYI, V., TÓTH, 
G., TRIFANOVA, S.V., VARUL, L., VICZE, M., YEPISKOPOSYAN, L., ZHITENEV, V., ORLANDO, L., 
SICHERITZ-PONTÉN, T., BRUNAK, S., NIELSEN, R., KRISTIANSEN, K., WILLERSLEV, E. 2015. Population 
genomics of Bronze Age Eurasia. Nature 522 (7555), 167–172. DOI: 10.1038/nature14507. 

van ANDEL, T.H. 2003. Where Received Wisdom Fails: the Mid-Palaeolithic and Early Neolithic Climates, In: C. 
Renfrew, K. Boyle (eds.), Archaeogenetics: DNA and the population prehistory of Europe, 31–39. Oxford. 

ANDERSON, S., BANKIER, A.T., BARRELL, B.G., DE BRUIJN, M., COULSON, A.R., DROUIN, J., EPERON, I., 
NIERLICH, D., ROE, B.A., SANGER, F., SCHREIER, P.H., SMITH, A.J.H., STADEN, R., YOUNG, I.G. 1981. 
Sequence and organization of the human mitochondrial genome. Nature 290, 457–465. 
DOI:10.1038/290457a0. 

ANTHONY-CAHILL, S.J.; MATHEWS, C.K., van HOLDE, K.E., APPLING, D.R. 2012. Biochemistry, 4th Edition. 
Prentice Hall. 

AUSTIN, J.J., ROSS, A.J., SMITH, A.B., FORTEY, R.A., THOMAS, R.H. 1997. Problems of reproducibility ― does 
geologically ancient DNA survive in amber-preserved insects? Proceedings of the Royal Society B: 
Biological Sciences 264 (1381), 467–474. DOI: 10.1098/rspb.1997.0067. 

AWADALLA, P., EYRE-WALKER, A., SMITH, J.M. 1999. Linkage disequilibrium and recombination in 
hominid mitochondrial DNA. Science 286 (5449), 2524–2525. DOI: 10.1126/science.286.5449.2524. 

BADRO, D.A, DOUAIHY, B., HABER, M., YOUHANNA, S.C., SALLOUM, A., GHASSIBE-SABBAGH, M., 
JOHNSRUD, B., KHAZEN, G., MATISOO-SMITH, E., SORIA-HERNANZ, D.F., SPENCER WELLS, R., TYLER-



Ancestral DNA ― an incontestable source of data for Archaeology 

178 

SMITH, C., PLATT, D.E., ZALLOUA, P.A. 2013. Y-Chromosome and mtDNA Genetics Reveal Significant 
Contrasts in Affinities of Modern Middle Eastern Populations with European and African 
Populations. PLoS ONE 8 (1), e54616. DOI: 10.1371/journal.pone.0054616. 

BEKADA, A., FREGEL, R., CABRERA, V.M., LARRUGA, J.M., PESTANO, J., BENHAMAMOUCH, S., GONZÁLEZ, 
A.M. 2013. Introducing the Algerian Mitochondrial DNA and Y-Chromosome Profiles into the North 
African Landscape. PLoS ONE 8 (2), e56775. DOI: 10.1371/journal.pone.0056775. 

BOLOHAN, N., GORGAN, L., CIORPAC, M. 2014. Analysis of a Funerary Context and the Evaluation of DNA 
Recovery from EBA Human Bones by Different Isolation Methods. European Association of Archaeologists 
20th Annual Meeting, Istanbul, 10–14 September 2014.  

BOLOHAN, N., RUSU, I., GORGAN, L., MĂȚĂU, F. 2015. A scientific story about an EBA funerary context in 
Eastern Romania. European Association of Archaeologists 21st Annual Meeting, Glasgow, 2–5 
September 2015. 

BRAMANTI, B., THOMAS, M., HAAK, W., UNTERLAENDER, M., JORES, P., TAMBETS, K., ANTANAITIS-
JACOBS, I., HAIDLE, M., JANKAUSKAS, R., KIND, C.-J. 2009. Genetic discontinuity between local 
hunter-gatherers and central Europe’s first farmers. Science 326 (5949), 137–140. 
DOI:10.1126/science.1176869. 

BRANDT, G., SZÉCSÉNYI-NAGY, A., ROTH, C., ALT, K.W., HAAK, W. 2015. Human palaeogenetics of Europe 
– The known knows and the known unknowns. Journal of Human Evolution 79, 73–92. DOI: 
http://dx.doi.org/10.1016/j.jhevol.2014.06.017. 

BROTHERTON, P., HAAK, W., TEMPELTON, J., BRANDT, G., SOUBRIER, J., ADLER, C.J., RICHARDS, S.M., Der 
SARKISSIAN, C., GANSLMEIER, R., FRIEDERICH, S., DRESELY, V., van OVEN, M., KENYON, R., Van der 
HOEK, M.B., KORLACH, J., LUONG, K., HO, S.Y.W., QUINTANA-MURCI, L., BEHAR, D.M., MELLER, ALT, 
K.W., COOPER, A. ADHIKARLA, S., GANESH PRASAD, A.K., PITCHAPPAN, R., SANTHAKUMARI, A.V., 
BALANOVSKA, E., BALANOVSKY, O., BERTRANPETIT, J., COMAS, D., MARTÍNEZ-CRUZ, B., MELÉ, M., 
CLARKE, A.C., MATISOO-SMITH, E.A., DULIK, M.C., GAIESKI, J.B., OWINGS, A.C., SCHURR, T.G., VILAR, 
M.G., HOBBS, A., SOODYALL, H., JAVED, A., PARIDA, L., PLATT, D.E., ROYYURU, A.K., JIN, L., LI, S., 
KAPLAN, M.E., MERCHANT, N.C., MITCHELL, R.J., RENFREW, C., LACERDA, D.R., SANTOS, F.R., 
HERNANZ, D.F.S., WELLS, R.S., SWAMIKRISHNAN, P., TYLER-SMITH, C., VIEIRA, P.P., ZIEGLE, J.S. for 
The Genographic Consortium 2013. Neolitihic mitochondrial haplogroup H genomes and the genetic 
orogins of Europeans. Nature Communications 4, 1764. DOI: 10.1038/ncomms2656. 

BROWN, K.A., PLUCIENNIK, M. 2001. Archaeology and human genetics: lessons for both. Antiquity 75 
(287), 101–106. DOI: dx.doi.org/10.1017/S0003598X00052790. 

BROWN, W.M., PRAGER, E.M., WANG, A., WILSON, A.C. 1982. Mitochondrial DNA sequences of primates: 
tempo and mode of evolution. Journal of Molecular Evolution 18 (4), 225–239. DOI: 10.1007/BF01734101. 

BUTLER, J.M. 2005. Forensic DNA typing: biology, technology, and genetics of STR markers, 2nd Edition. 
Cambridge Mss. 

CANN, R.L., STONEKING, M., WILSON, A.C. 1987. Mitocondrial DNA and Human Evolution. Nature 325 
(6099), 31–36. DOI: 10.1038/325031a0. 

CANO R.J., POINAR H.N., PIENIAZEK N. J., ACRA A., POINAR G.O., Jr. 1993. Amplification and sequencing 
of DNA from a 120–135-million-year-old weevil. Nature 363 (6429), 536–538. DOI: 10.1038/363536a0. 

CATTANEO, C., CRAIG, O.E., JAMES, N.T., SOKOL, R.J. 1997. Comparison of three DNA extraction methods 
on bone and blood stains up to 43 years old and amplification of three different gene sequences. 
Journal of Forensic Sciences 42 (6), 1126–1135. DOI: 10.1520/JFS14273J. 



Neculai Bolohan, Mitică Ciorpac, Florica Mățău, Dragoș Lucian Gorgan 

179 

CHILVERS, E.R., BOUWMAN, A.S., BROWN, K.A., ARNOTT, R.G., PRAG, A.J.N.W., BROWN, T. 2008. Ancient 
DNA in human bones from Neoltihic and Bronze Age sites in Greece and Crete. Journal of 
Archaeological Science 35 (10), 2707–2714. DOI: 10.1016/j.jas.2008.04.019. 

COLLINS, F.S., LANDER, E.S., ROGERS, J., WATERSTON, R.H., The International Human Genome 
Sequencing Consortium 2004. Finishing the euchromatic sequence of the human genome. Nature 431 
(7011), 931–945.  DOI: 10.1038/nature03001. 

COOPER, A., POINAR, H.N. 2000. Ancient DNA: do it right or not at all. Science, 289 (5482), 1139–1139. DOI: 
10.1126/science.289.5482.1139b. 

DARZYNKIEWICZ, Z., JUAN, G., LI, X., GORCZYCA, W., MURAKAMI, T., TRAGANOS, F. 1997. Cytometry in 
cell necrobiology: analysis of apoptosis and accidental cell death (necrosis). Cytometry 27 (1), 1–20. 
DOI: 10.1002/(SICI)1097-0320(19970101)27:1<1::AID-CYTO2>3.0.CO;2-L 

DASKALAKI, E. 2014. Archaeological Genetics-Approaching Human History through DNA Analysis. Digital 
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Science and Technology 
1101, Acta Universitatis Upsaliensis, uu.diva-portal.org/smash/get/diva2:667495/FULLTEXT01.pdf. 

DIZDAROGLU, M. 1992. Oxidative damage to DNA in mammalian chromatin. Mutation Research/DNAging 
275 (3), 331–342. DOI: 10.1016/0921-8734(92)90036-O. 

DODGE, D.R. 2012. A molecular approach to Neanderthal extinction. Quaternary International 259, 22–32. 
DOI: 10.1016/j.quaint.2010.11.003. 

DORNBURG, A., BEAULIEU, J.M., OLIVER, J.C., NEAR, T.J. 2011. Integrating fossil preservation biases in the 
selection of calibrations for molecular divergence time estimation. Systematic Biology 60, 519–527. 
DOI: 10.1093/sysbio/syr019. 

EGLINTON, G., LOGAN, G.A., AMBLER, R.P., BOON, J.J., PERIZONIUS, W.R.K. 1991. Molecular Preservation 
[and Discussion]. Philosophical Transactions of the Royal Society B: Biological Sciences 333 (1268), 315–328. 
DOI: 10.1098/rstb.1991.0081. 

ELANGO, E.M. 2007. Human Genome Project: A Molecular Edition on Homo Sapiens. In: Sankhyan, A. R., Rao, 
V. R. (eds.) Human Origins, Genome and People of India: Genomic, Palaeontological and Archaeological 
Perspectives, 28–36. Kolkata. 

ELHAIK, E., TATARINOVA, T., CHEBOTAREV, D., PIRAS, I.S., CALÒ, C.M., DE MONTIS, A., ATZORI, M., 
MARINI, M., TOFANELLI, S., FRANCALACCI, P., PAGANI, L. TYLER-SMITH, C., XUE, Y., CUCCA, F., 
SCHURR, T.G., GAIESKI, J.B., MELENDEZ, C., VILAR, M.G., OWINGS, A.C., GÓMEZ, R., FUJITA, R. 
SANTOS, F.R., COMAS, D., BALANOVSKY, O., BALANOVSKA, E., ZALLOUA, P., SOODYALL, H., 
PITCHAPPAN, R., KUMAR A., PRASAD, G., HAMMER, M., MATISOO-SMITH, L., WELLS, R.S., THE 
GENOGRAPHIC CONSORTIUM 2014. Geographic population structure analysis of worldwide human 
populations infers their biogeographical origins. Nature Communications 5, 3513. DOI: 
10.1038/ncomms4513. 

ERMINI, L., OLIVIERI, C., RIZZI, E., CORTI, G., BONNAL, R., SOARES, P., LUCIANI, S., MAROTA, I., DE BELLIS, 
G., RICHARDS, M.B., ROLLO, F. 2008. Complete mitochondrial genome sequence of the Tyrolean 
Iceman. Current Biology 18 (21), 1687–1693. DOI: 10.1016/j.cub.2008.09.028. 

ERMINI, L., Der SARKISSIAN, C., WILLERSLEV, E., ORLANDO, L. 2015. Major transitions in human 
evolution revisited: A tribute to ancient DNA. Journal of Human Evolution 79, 4–20. DOI: 
dx.doi.org/10.1016/j.jhevol.2014.06.015.  

EYRE–WALKER, A., SMITH, N. H., SMITH, J.M. 1999. How clonal are human mitochondria?. Proceedings of 
the Royal Society of London B: Biological Sciences 266 (1418), 477–483. DOI: 10.1098/rspb.1999.0662. 



Ancestral DNA ― an incontestable source of data for Archaeology 

180 

FISHER, D.L., HOLLAND, M.M., MITCHELL, L., SLEDZIK, P.S., WILCOX, A.W., WADHAMS, M., WEEDN, V. W. 
1993. Extraction, evaluation, and amplification of DNA from decalcified and undecalcified United 
States Civil War bone.. Journal of Forensic Sciences 38 (1), 60–68. DOI: 10.1520/JFS13376J. 

FU, Q., MITTNIK, A., JOHNSON, P.L., BOS, K., LARI, M., BOLLONGINO, R., SUN, C., GIEMSCH, L., SCHMITZ, 
R., BURGER, J. 2013. A revised timescale for human evolution based on ancient mitochondrial 
genomes. Current Biology 23 (7), 553–559. DOI: 10.1016/j.cub.2013.02.044. 

GILBERT, M.T.P., WILSON, A.S., BUNCE, M., HANSEN, A.J., WILLERSLEV, E., SHAPIRO, B., HIGHAM, T.F., 
RICHARDS, M.P., O’CONNELL, T.C., TOBIN, D.J. 2004. Ancient mitochondrial DNA from hair. Current 
Biology 14 (12), R463–R464. DOI: 10.1016/j.cub.2004.06.008. 

GILBERT, M.T., BANDELT, H.J., HOFREITER, M., BARNES, I. 2005. Assessing ancient DNA studies, Trends in 
Ecology & Evolution 20 (10), 541–544. DOI: http://dx.doi.org/10.1016/j.tree.2005.07.005. 

GILBERT, M.T.P., HANSEN, A.J., WILLERSLEV, E., TURNER‐WALKER, G., COLLINS, M. 2006. Insights into 
the processes behind the contamination of degraded human teeth and bone samples with exogenous 
sources of DNA. International Journal of Osteoarchaeology 16 (2), 156–164. DOI: 10.1002/oa.832. 

GOLENBERG, E.M., GIANNASI, D.E., CLEGG, M.T., SMILEY, C.J., DURBIN, M., HENDERSON, D., ZURAWSKI, 
G. 1990. Chloroplast DNA sequence from a Miocene Magnolia species. Nature 344, 656–658. DOI: 
10.1038/344656a0. 

GREALY, A.C., McDOWELL, M.C., SCOFIELD, P., MURRAY, D.C., FUSCO, D.A., HAILE, J., PRIDEAUX, G.J., 
BUNCE, M. 2015. A critical evaluation of how ancient DNA bulk bone metabarcoding complements 
traditional morphological analysis of fossil assemblages. Quaternary Science Reviews 128, 37–47. DOI: 
dx.doi.org/10.1016/j.quascirev.2015.09.014. 

GREEN, R.E., KRAUSE, J., PTAK, S.E., BRIGGS, A.W., RONAN, M.T., SIMONS, J.F., DU, L., EGHOLM, M., 
ROTHBERG, J.M., PAUNOVIC, M., PÄÄBO, S. 2006. Analysis of one million base pairs of Neanderthal 
DNA. Nature 444 (7117), 330–336. DOI: 10.1038/nature05336. 

GREEN, R.E., MALASPINAS, A.S., KRAUSE, J., BRIGGS, A.W., JOHNSON, P.L., UHLER, C., MEYER, M., GOOD, 
J.M., MARICIC, T., STENZEL, U., PRÜFER, K., SIEBAUER, M., BURBANO, H.A., RONAN, M., ROTHBERG, 
J.M., EGHOLM, M., RUDAN, P., BRAJKOVIĆ, D., KUĆAN, Z., GUSIĆ, I., WIKSTRÖM, M., LAAKKONEN, L., 
KELSO, J., SLATKIN, M., PÄÄBO, S. 2008. A Complete Neandertal Mitochondrial Genome Sequence 
Determined by High-Throughput Sequencing. Cell 134, 416–426. DOI: 10.1016/j.cell.2008.06.021. 

GREEN, R.E., BRIGGS, A.W., KRAUSE, J., PRUFER, K., BURBANO, H.A., SIEBAUER, M., LACHMANN, M., 
PÄÄBO, S. 2009. The Neandertal genome and ancient DNA authenticity. The EMBO Journal 28 (17), 
2494–2502. DOI: 10.1038/emboj.2009.222. 

GREEN, R.E., KRAUSE, J., BRIGGS, A.W., MARICIC, T., STENZEL, U., KIRCHER, M., PATTERSON, N., LI, H., 
ZHAI, W., FRITZ, M.H., HANSEN, N.F., DURAND, E.Y., MALASPINAS, A.S., JENSEN, J.D., MARQUES-
BONET, T., ALKAN, C., PRÜFER, K., MEYER, M., BURBANO, H.A., GOOD, J.M., SCHULTZ, R., AXIMU-
PETRI, A., BUTTHOF, A., HÖBER, B., HÖFFNER, B., SIEGEMUND, M., WEIHMANN, A., NUSBAUM, C., 
LANDER, E.S., RUSS, C., NOVOD, N., AFFOURTIT, J., EGHOLM, M., VERNA, C., RUDAN, P., BRAJKOVIC, 
D., KUCAN, Z., GUSIC, I., DORONICHEV, V.B., GOLOVANOVA, L.V., LALUEZA-FOX, C., DE LA RASILLA, 
M., FORTEA, J., ROSAS, A., SCHMITZ, R.W., JOHNSON, P.L., EICHLER, E.E., FALUSH, D., BIRNEY, E., 
MULLIKIN, J.C., SLATKIN, M., NIELSEN, R., KELSO, J., LACHMANN, M., REICH, D., PÄÄBO, S. 2010. A 
draft sequence of the Neandertal genome. Science 328 (5979), 710–722. DOI: 10.1126/science.1188021. 

GREEN, R.E., SHAPIRO, B. 2013. Human evolution: Turning back the clock. Current Biology 23 (7), R286–
R288. DOI:10.1016/j.cub.2013.02.050. 



Neculai Bolohan, Mitică Ciorpac, Florica Mățău, Dragoș Lucian Gorgan 

181 

GREGORY, T.R., NICOL, J.A., TAMM, H., KULLMAN, B., KULLMAN, K., LEITCH, I.J., BENNETT, M.D. 2007. 
Eukaryotic genome size databases. Nucleic acids research, 35 (Supplementum 1), D332–D338. DOI: 
10.1093/nar/gkl828. 

HAAK, W., FORSTER, P., BRAMANTI, B., MATSUMURA, S., BRANDT, G., TANZER, M., VILLEMS, R., 
RENFREW, C., GRONENBORN, D., ALT, K.W., BURGER, J., 2005. Ancient DNA from the first European 
farmers in 7500-year-old Neolithic sites. Science 310 (5750), 1016–1018. DOI: 10.1126/science.1118725. 

HAAK, W., BALANOVSKY, O., SANCHEZ, J.J., KOSHEL, S., ZAPOROZHCHENKO, V., ADLER, C.J., Der 
SARKISSIAN, C.S.I., BRANDT, G., SCHWARTZ, C., NICKLISCH, DRESELY, V., FRITSCH, B., BALANOVSKA, 
E., VILLEMS, R., MELLER, H., ALT, K.W., COOPER, A., The Genographic Consortium 2010. Ancient DNA 
from European Early Neolithic Farmers Reveals Their Near Eastern Affinities. PLoS Biology 8 (11), 
e1000536. DOI: 10.1371/journal.pbio.1000536. 

HAAK, W., LAZARIDIS, I., PATTERSON, N., ROHLAND, N., MALLICK, S., LLAMAS, B., BRANDT, G., 
NORDENFELT, S., HARNEY, E., STEWARDSON, K., FU, Q., MITTNIK, A., BÁNFFY, E., ECONOMU, C., 
FRANCKEN, M., FRIEDERICH, S., PENA, R.G., HALLGREN, F., KHARTANOVICH, V., KHOKHLOV, A., 
KUNST, M., KUZNETSOV, P., MELLER, H., MOCHALOV, O., MOISEYEV, V., NICKLISCH, N., PICHLER, 
S.L., RISCH, R., ROJO GUERRA, M.A., ROTH, C., SZÉCSÉNYI-NAGY, A., WAHL, J., MEYER, M., KRAUSE, J., 
BROWN, D., ANTHONY, D., COOPER, A., ALT, K.W., REICH, D. 2015. Massive migration from steppe was 
a source for Indo-European languages in Europe. Nature 522 (7555), 207–211. DOI: 
10.1038/nature14317. 

HANDT, O., KRINGS, M., WARD, R.H., PÄÄBO, S. 1996. The retrieval of ancient human DNA sequences. 
American Journal of Human Genetics, 59 (2), 368. DOI: PMC1914746. 

HARRISON, R.G. 1989. Animal mitochondrial DNA as a genetic marker in population and evolutionary 
biology. Trends in Ecology & Evolution 4 (1), 6–11, DOI: 10.1016/0169-5347(89)9000. 

HEBSGAARD, M.B., PHILLIPS, M.J., WILLERSLEV, E. 2005. Geologically ancient DNA: fact or artefact?. 
Trends in Microbiology 13 (5), 212–220. DOI: 10.1016/j.tim.2005.03.010. 

HELED, J., DRUMMOND, A.J. 2012. Calibrated tree priors for relaxed phylogenetics and divergence time 
estimation. Systematic Biology 61, 138–149. DOI: 10.1093/sysbio/syr087. 

HENZE, K., MARTIN, W. 2003. Evolutionary biology: essence of mitochondria. Nature 426 (6963), 127–128. 
DOI: 10.1038/426127a. 

HERVELLA, M., IZAGIRRE, N., ALONSO, S., ROSA FREGEL, ALONSO, A., CABRERA, V.M., DE LA RÚA, C. 2012. 
Ancient DNA from Hunter-Gatherer and Farmer Groups from Northern Spain Supports a Random 
Dispersion Model for the Neolithic Expansion into Europe. PLoS ONE 7, e34417. DOI: 
10.1371/journal.pone.0034417. 

HERVELLA, M., ROTEA, M., IZAGIRRE, N., CONSTANTINESCU, M., ALONSO, S., IOANA, M., LAZĂR, C., 
RIDICHE, F., SOFICARU, A.D., NETEA, M.G. 2015. Ancient DNA from South-East Europe Reveals 
Different Events during Early and Middle Neolithic Influencing the European Genetic Heritage.PLoS 
ONE. DOI: 10.1371/journal.pone.0128810. 

HIGUCHI, R.G., WRISCHNIK, L.A., OAKES, E., GEORGE, M., TONG, B., WILSON, A.C. 1987. Mitochondrial 
DNA of the extinct quagga: relatedness and extent of postmortem change. Journal of Molecular 
Evolution 25 (4), 283–287. DOI: 10.1007/BF02603111. 

HOFREITER, M., SERRE, D., POINAR, H.N., KUCH, M., PAABO, S. 2001. Ancient DNA. Nature Reviews Genetics 
2, 353–359. DOI: 10.1038/35072071. 



Ancestral DNA ― an incontestable source of data for Archaeology 

182 

HÖSS, M., JARUGA, P., ZASTAWNY, T.H., DIZDAROGLU, M., PAABO, S. 1996. DNA damage and DNA 
sequence retrieval from ancient tissues. Nucleic Acids Research 24 (7), 1304–1307, DOI: PMC145783. 

HUMMEL, S. 2003. Ancient DNA Typing. Methods, Strategies and Applications. Berlin. 
IÑIGUEZ, A.M., REINHARD, K.J., ARAÚJO, A., FERREIRA, L.F., VICENTE, A.C.P. 2003. Enterobius 

vermicularis: ancient DNA from North and South American human coprolites. Memórias do Instituto 
Oswaldo Cruz 98 (1), 67–69. DOI: dx.doi.org/10.1590/S0074-02762003000900013. 

The International HapMap Consortium 2003, The International HapMap Project. Nature 426 (6968), 789–796. 
DOI: 10.1038/02168. 

IZAGIRRE, N., DE LA RÙA, C. 1999. An mtDNA analysis in ancient Basque populations: implications for 
haplogroup V as a marker for a major Paleolithic expansion from southwestern Europe. The American 
Journal of Human Genetics 65 (1), 199–207. DOI: 10.1086/302442. 

JAKUBOWSKA, J., MACIEJEWSKA, A., PAWLOWSKI, R. 2012. Comparison of three methods of DNA 
extraction from human bones with different degrees of degradation. International Journal of Legal 
Medicine 126 (1), 173–178. DOI: 10.1007/s00414-011-0590-5. 

KIRSANOW, K., BURGER, J. 2012. Ancient human DNA. Annnals of Anatomy 194 (1), 121–132. DOI: 
10.1016/j.aanat.2011.11.002, 

KOLMAN, C.J., TUROSS, N. 2000. Ancient DNA analysis of human populations. American Journal of Physical 
Anthropology 111 (1), 5–23. DOI: 10.1002/(SICI)1096-8644(200001)111:1<5::AID-AJPA2>3.0.CO;2-3. 

KRAUSE, J., BRIGGS, A.W., KIRCHER, M., MARICIC, T., ZWYNS, N., DEREVIANKO, A., PÄÄBO, S. 2010. A 
Complete mtDNA Genome of an Early Modern Human from Kostenki, Russia. Current Biology 20, 231–
236. DOI:10.1016/j.cub.2009.11.068. 

KRAUSE, J., FU, Q., GOOD, J.M., VIOLA, B., SHUNKOV, M.V., DEREVIANKO, A.P., PÄÄBO, S. 2010. The 
complete mitochondrial DNA genome of an unknown hominin from southern Siberia. Nature 464 
(7290), 894–897, DOI: 10.1038/nature08976. 

KRINGS, M., BAUER, K., GEISERT, H., MALEK, A.K., CHAIX, L., SIMON, C., WELSBY, D., DI RIENZO, A., 
UTERMANN, G., SAJANTILA, A. 1999. mtDNA analysis of Nile River Valley populations: A genetic 
corridor or a barrier to migration?. The American Journal of Human Genetics 64 (4), 1166–1176. DOI: 
PMC1377841. 

KRISTIANSEN, K. 2014. Towards a New Paradigm? The Third Science Revolution and its Possible 
Consequences in Archaeology. Current Swedish Archaeology 22, 11–34. 

KUMAR, S. RAO, V.R. 2007. Ancient DNA Methods and Applications: A Review. In: Sankhyan, A.R., Rao, 
V.R. (eds.) Human Origins, Genome and People of India: Genomic, Palaeontological and Archaeological 
Perspectives, 36–77. Kolkata. 

LALU, K., KARHUNEN, P.J., SAJANTILA, A. 1994. Comparison of DNA-extraction methods from compact 
bone tissue. In: W. Bär, A. Fiori, U. Rossi (eds.), Advances in Forensic Haemogenetics 5, 160–163. DOI: 
10.1007/978-3-642-78782-9_36. 

LALUEZA-FOX, C., GILBERT, M.T.P. 2011. Paleogenomics of archaic hominins. Current Biology 21 (24), 
1002–1009, DOI:10.1016/j.cub.2011.11.021. 

LANDER, E.S., LINTON, L.M., BIRREN, B., NUSBAUM, C., ZODY, M.C., BALDWIN, J., DEVON, K., DEWAR, K., 
DOYLE, M., FITZHUGH, W., FUNKE, R., GAGE, D., HARRIS, K., HEAFORD, A., HOWLAND, J., KANN, L., 
LEHOCZKY, J., LEVINE, R., McEWAN, P., McKERNAN, K., MELDRIM, J., MESIROV, J.P., MIRANDA, C., 
MORRIS, W., NAYLOR, J., RAYMOND, C., ROSETTI, M., SANTOS, R., SHERIDAN, A., SOUGNEZ, C., 
STANGE,-THOMANN, Y., STOJANOVIC, N., SUBRAMANIAN, A., WYMAN, D., ROGERS, J., SULSTON, J., 



Neculai Bolohan, Mitică Ciorpac, Florica Mățău, Dragoș Lucian Gorgan 

183 

AINSCOUGH, R., BECK, S., BENTLEY, D., BURTON, J., CLEE, C., CARTER, N., COULSON, A., DEADMAN, 
R., DELOUKAS, P., DUNHAM, A., DUNHAM, I., DURBIN, R., FRENCH, L., GRAFHAM, D., GREGORY, S., 
HUBBARD, T., HUMPHRAY, S., HUNT, A., JONES, M., LLOYD, C., McMURRAY, A., MATTHEWS, L., 
MERCER, S., MILNE, S., MULLIKIN, J.C., MUNGALL, A., PLUMB, R., ROSS, M., SHOWNKEEN, R., SIMS, S., 
WATERSTON, R. H., WILSON, R. K., HILLIER, L. W., McPHERSON, J. D., MARRA, M. A., MARDIS, E. R., 
FULTON, L.A., CHINWALLA, A.T., PEPIN, K.H., GISH, W.R., CHISSOE, S.L., WENDL, M.C., DELEHAUNTY, 
K.D., MINER, T.L., DELEHAUNTY, A., KRAMER, J.B., COOK, L.L., FULTON, R.S., JOHNSON, D.L., MINX, 
P.J., CLIFTON, S.W., HAWKINS, T., BRANSCOMB, E., PREDKI, P., RICHARDSON, P., WENNING, S., 
SLEZAK, T., DOGGETT, N., CHENG, J.F., OLSEN, A., LUCAS, S., ELKIN, C., UBERBACHER, E., FRAZIER, M., 
GIBBS, R.A., MUZNY, D.M., SCHERER, S.E., BOUCK, J.B., SODERGREN, E.J., WORLEY, K.C., RIVES, C.M., 
GORRELL, J.H., METZKER, M.L., NAYLOR, S.L., KUCHERLAPATI, R. S., NELSON, D.L., WEINSTOCK, G.M., 
SAKAKI, Y., FUJIYAMA, A., HATTORI, M., YADA, T., TOYODA, A., ITOH, T., KAWAGOE, C., WATANABE, 
H., TOTOKI, Y., TAYLOR, T., WEISSENBACH, J., HEILIG, R., SAURIN, W., ARTIGUENAVE, F., BROTTIER, 
P., BRULS, T., PELLETIER, E., ROBERT, C., WINCKER, P., SMITH, D.R., DOUCETTE-STAMM, L., 
RUBENFIELD, M., WEINSTOCK, K., LEE, H.M., DUBOIS, J., ROSENTHAL, A., PLATZER, M., NYAKATURA, 
G., TAUDIEN, S., RUMP, A., YANG, H., YU, J., WANG, J., HUANG, G., GU, J., HOOD, L., ROWEN, L., 
MADAN, A., QIN, S., DAVIS, R.W., FEDERSPIEL, N.A., ABOLA, A.P., PROCTOR, M.J., MYERS, R.M., 
SCHMUTZ, J., DICKSON, M., GRIMWOOD, J., COX, D.R., OLSON, M.V., KAUL, R., RAYMOND, C., 
SHIMIZU, N., KAWASAKI, K., MINOSHIMA, S., EVANS, G.A., ATHANASIOU, M., SCHULTZ, R., ROE, B.A., 
CHEN, F., PAN, H., RAMSER, J., LEHRACH, H., REINHARDT, R., McCOMBIE, W.R., de la BASTIDE, M., 
DEDHIA, N., BLÖCKER, H., HORNISCHER, K., NORDSIEK, G., AGARWALA, R., ARAVIND, L., BAILEY, J. A., 
BATEMAN, A., BATZOGLOU, S., BIRNEY, E., BORK, P., BROWN, D.G., BURGE, C.B., CERUTTI, L., CHEN, 
H.C., CHURCH, D., CLAMP, M., COPLEY, R.R., DOERKS, T., EDDY, S. R., EICHLER, E. E., FUREY, T. S., 
GALAGAN, J., GILBERT, J. G., HARMON, C., HAYASHIZAKI, Y., HAUSSLER, D., HERMJAKOB, H., 
HOKAMP, K., JANG, W., JOHNSON, L.S., JONES, T. A., KASIF, S., KASPRYZK, A., KENNEDY, S., KENT, 
W.J., KITTS, P., KOONIN, E. V., KORF, I., KULP, D., LANCET, D., LOWE, T.M., MCLYSAGHT, A., 
MIKKELSEN, T., MORAN, J.V., MULDER, N., POLLARA, V.J., PONTING, C.P., SCHULER, G., SCHULTZ, J., 
SLATER, G., SMIT, A. F., STUPKA, E., SZUSTAKOWKI, J., THIERRY-MIEG, D., THIERRY-MIEG, J., 
WAGNER, L., WALLIS, J., WHEELER, R., WILLIAMS, A., WOLF, Y. I., WOLFE, K. H., YANG, S. P., YEH, R. 
F., COLLINS, F., GUYER, M.S., PETERSON, J., FELSENFELD, A., WETTERSTRAND, K. A., PATRINOS, A., 
MORGAN, M. J., de JONG, P., CATANESE, J. J., OSOEGAWA, K., SHIZUYA, H., CHOI, S., CHEN, Y. J., 
SZUSTAKOWKI, J., International Human Genome Sequencing Consortium 2001. Initial sequencing 
and analysis of the human genome. Nature 409 (6822), 860–921, DOI: 10.1038/35057062. 

LEONARD, J.A., SHANKS, O., HOFREITER, M., KREUZ, E., HODGES, L., REAM, W., WAYNE, R.K., FLEISCHER, 
RC. 2007. Animal DNA in PCR reagents plagues ancient DNA research. Journal of Archaeological Science 
34 (9), 1361–1366, DOI: 10.1016/j.jas.2006.10.023. 

LINDAHL, T. 1993. Instability and decay of the primary structure of DNA.Nature 362 (6422), 709–715, DOI: 
10.1038/362709a0. 

LINDAHL, T., ANDERSSON, A. 1972. Rate of chain breakage at apurinic sites in double-stranded 
deoxyribonucleic acid. Biochemistry 11 (19), 3618–3623, DOI: 10.1021/bi00769a019. 

LINDAHL, T., NYBERG, B. 1972. Rate of depurination of native deoxyribonucleic acid. Biochemistry 11 (19), 
3610–3618, DOI: 10.1021/bi00769a018. 



Ancestral DNA ― an incontestable source of data for Archaeology 

184 

LEE, E.J., MAKAREWICZ, C., RENNEBERG, R., HARDER, M., KRAUSE-KYORA, B., MÜLLER, S., OSTRITZ, S., 
FEHREN-SCHMITZ, L., SCHREIBER, S., MÜLLER, J., VON WURMB-SCHWARK, N., NEBEL, A. 2012. 
Emerging genetic patterns of the European Neolithic: perspectives from a late Neolithic Bell Beaker 
burial site in Germany. American Journal of Physical Anthropology 148, 571–579, DOI: 
10.1002/ajpa.22074. 

LEWIN, B. 2004. Genes VIII, 8th Edition, Upper Saddle River, NJ: Pearson/Prentice Hall. 
LINDAHL, T. 1993. Instability and decay of the primary structure of DNA. Nature 362 (6422), 709–715, DOI: 

10.1038/362709a0. 
LODISH, H., BERK, A., MATSUDAIRA, P., KAISER, C.A., KRIEGER, M., SCOTT, M.P., ZIPURSKY, L., DARNELL, 

J. 2004. Molecular Cell Biology, 5th Edition. New York. 
LOWERY, R.K., URIBE, G., JIMENEZ, E.B., WEISS, M.A., HERRERA, K.J., REGUEIRO, M., HERRERA, R.J. 2013. 

Neanderthal and Denisovan genetic affinities with contemporary humans: introgression versus 
common ancestral polymorphisms. Gene 530, 83–94, DOI: 10.1016/j.gene.2013.06.005. 

LUTZ, S., WEISSER, H.J., HEIZMANN, J., POLLAK, S. 1996. mtDNA as a tool for identification of human 
remains. International Journal of Legal Medicine 109 (4), 205–209, DOI: 10.1007/BF01225519. 

MALMSTRÖM, H., STORÅ, J., DALÉN, L., HOLMLUND, G., GÖTHERSTRÖM, A. 2005. Extensive Human DNA 
Contamination in Extracts from Ancient Dog Bones and Teeth. Molecular Biology and Evolution 22 (10), 
2040–2047, DOI: 10.1093/molbev/msi195. 

MALMSTRÖM, H., GILBERT, M.T.P., THOMAS, M.G., BRANDSTRÖM, M., STORÅ, J., MOLNAR, P., 
ANDERSEN, P.K., BENDIXEN, C., HOLMLUND, G., GÖTHERSTRÖM, A., WILLERSLEV, E. 2009. Ancient 
DNA reveals lack of continuity between Neolithic hunter-gatherers and contemporary 
Scandinavians. Current Biology 19, 1758–1762, DOI: 10.1016/j.cub.2009.09.017. 

MAO, C. 2004. The Emergence of Complexity: Lessons from DNA. PLOS Biology 2 (12), 2036–2038, DOI: 
10.1371/journal.pbio.0020431 

MAROTA, I., BASILE, C., UBALDI, M., ROLLO, F. 2002. DNA decay rate in papyri and human remains from 
Egyptian archaeological sites. American Journal of Physical Anthropology 117 (4), 310–318, DOI: 
10.1002/ajpa.10045. 

MATISOO-SMITH, E., HORSBURGH, K.A. 2012. DNA for Archaeologists. Walnut Creek, California. 
MENDE, B.G. 2006. Possibilities and limitations in the Archaeogenetic analysis of ancient human 

remains. Archaometriai Muhely 3 (1), 29–33, www.ace.hu/am/2006_1/AM-2006-1-MBG.pdf. 
MEYER, M., KIRCHER, M., GANSAUGE, M.-T., LI, H., RACIMO, F., MALLICK, S., SCHRAIBER, J.G., PRÜFER, 

F.J., DE FILIPPO, C., SUDMANT, P.H., ALKAN, C., FU, Q., DO, R., ROHLAND, N., TANDON, A., SIEBAUER, 
M., GREEN, R.E., BRYC, K., BRIGGS, A.W., STENZEL, U., DABNEY, J., SHENDURE, J., KITZMAN, J., 
HAMMER, M.F., SHUNKOV, M.V., DEREVIANKO, A.P., PATTERSON, N., ANDRÉS, A.M., EICHLER, E.E., 
SLATKIN, M., REICH, D., KELSO, J., PÄÄBO, S. 2012. A High-Coverage Genome Sequence from an 
Archaic Denisovan Individual.Science 338, 222–226, DOI: 10.1126/science.1224344. 

MILLER, W., HAYES, V.M., RATAN, A., PETERSEN, D.C., WITTEKINDT, N.E., MILLER, J., SCHUSTER, S.C. 
2011. Genetic diversity and population structure of the endangered marsupial Sarcophilus harrisii 
(Tasmanian devil). Proceedings of the National Academy of Sciences 108 (30), 12348–12353. DOI: 
10.1073/pnas.1102838108. 

NOONAN, J.P., COOP, G., KUDARAVALLI, S., SMITH, D., KRAUSE, J., ALESSI, J., CHEN, F., PLATT, D., PÄÄBO, 
S., PRITCHARD, J.K., RUBIN, E.M. 2006. Sequencing and analysis of Neanderthal genomic DNA. Science 
314 (5802), 1113–1118, DOI: 10.1126/science.1131412. 



Neculai Bolohan, Mitică Ciorpac, Florica Mățău, Dragoș Lucian Gorgan 

185 

NOWAK M.D., SMITH A.B., SIMPSON C., ZWICKL D.J. 2013. A simple method for estimating informative 
node age priors for the fossil calibration of molecular divergence time analyses. PLoS ONE 8, e66245.  
DOI: 10.1371/journal.pone.0066245. 

NOVEMBRE, J., JOHNSON, T., BRYC, K., KUTALIK, Z., BOYKO, A.R., AUTON, A., BUSTAMANTE, C.D. 2008. 
Genes mirror geography within Europe. Nature 456 (7218), 98–101. DOI: 10.1038/nature07331. 

OLALDE, I., SCHROEDER, SANDOVAL-VELASCO, M., VINNER, L., LOBÓN, I., RAMIREZ, O., CIVIT, S., BORGA, 
P.G., SALAZAR-GARCIÁ, D.C., TALAMO, S., FULLOLA, J.M., OMS, F.,X., MARTÍNEZ, P., SANZ, M., 
DAURA, J., ZILHĀO, J., MARQUÈZ-BONET, T., GILBERT, M.T.P., LALUEZA-FOX, C. 2015. A Common 
Genetic origin for Early Farmers from Mediterranean Cardial and Central European LBK Cultures. 
Molecular Biology and Evolution. DOI: doi:10.1093/molbev/msv181. 

van OVEN, M., KAYSER, M. 2009. Updated comprehensive phylogenetic tree of global human 
mitochondrial DNA variation. Human Mutation 30 (2), E386-E394. DOI: 10.1002/humu.20921. 

PÄÄBO, S., POINAR, H., SERRE, D., JAENICKE-DESPRÉS, V., HEBLER, J., ROHLAND, N., KUCH, M., KRAUSE, 
J., VIGILANT, L., HOFREITER, M. 2004. Genetic analyses from ancient DNA. Annual Review of Genetics 
38, 645–679. DOI: 10.1146/annurev.genet.37.110801.143214. 

PENNEY, D., WADSWORTH, C., FOX, G., KENNEDY, S.L., PREZIOSI, R.F., & BROWN, T.A. 2013, Absence of 
ancient DNA in sub-fossil insect inclusions preserved in ‘Anthropocene’ Colombian copal. PloS One 8 
(9), e73150. DOI: 10.1371/journal.pone.0073150. 

PINHASI, R., THOMAS, M.G., HOFREITER, M., CURRAT, M., BURGER, J. 2012. The genetic history of 
Europeans. Trend in Genetics 28 (10), 4906–505. DOI: 10.1016/j.tig.2012.06.006. 

REICH, D., THANGARAJ, K., PATTERSON, N., PRICE, A.L., SINGH, L. 2009. Reconstructing Indian population 
history. Nature 461 (7263), 489–494. DOI: 10.1038/nature08365. 

REICH, D., GREEN, R.E., KIRCHER, M., KRAUSE, J., PATTERSON, N., DURAND, E.Y., VIOLA, B., BRIGGS, A.W., 
STENZEL, U., JOHNSON, P.L.F., MARICIC, T., GOOD, J.M., MARQUES-BONET, T., ALKAN, C., FU, Q., 
MALLICK, S., LI, H., MEYER, M.,E., EICHLER, E., STONEKING, M., RICHARDS, M., TALAMO, S., 
SHUNKOV, M.V., DEREVIANKO, A.P., JEAN-HUBLIN, J., KELSO, J., SLATKIN M., PÄÄBO S. 2010. Genetic 
history of an archaic hominin group from Denisova Cave in Siberia. Nature 468 (7327), 1053–1060. 
DOI: 10.1038/nature09710. 

RENFREW, C. 2001. From molecular genetics to archaeogenetics. Proceedings of the National Academy of 
Sciences 98 (9), 4830–4832. DOI: 10.1073/pnas.091084198. 

RENFREW, C. 2010. Archaeogenetics – Towards a ’New synthesis‘?. Current Biology 20 (4), R. 162–165. DOI: 
10.1016/j.cub.2009.11.056. 

RIDLEY, M. 2006. Genome. New York. 
RIZZI, E., LARI, M., GIGLI, E., De BELLIS, G., Caramelli, D. 2012. Ancient DNA studies: new perspectives on 

old samples. Genetics Selection Evolution 44 (1), 21–29. DOI: 10.1186/1297-9686-44-21. 
de-la-RÚA, C., IZAGIRRE, N., ALONSO, S., HERVELLA, M. 2015. Ancient DNA in the Cantabrian fringe 

populations: A mtDNA study from Prehistory to Late Antiquity. Quaternary International 364, 306–311. 
DOI: http://dx.doi.org/10.1016/j.quaint.2015.01.035. 

DeSALLE R, GATESY J, WHEELER W, GRIMALDI D. 1992. DNA sequences from a fossil termite in Oligo-
Miocene amber and their phylogenetic implications. Science 257 (5078), 1933–1936. DOI: 
10.1126/science.1411508. 



Ancestral DNA ― an incontestable source of data for Archaeology 

186 

SALAMON, M., TUROSS, N., ARENSBURG, B., WEINER, S. 2005. Relatively well preserved DNA is present in 
the crystal aggregates of fossil bones. Proceedings of the National Academy of Sciences 102 (39), 13783–
13788. DOI: 10.1073/pnas.0503718102. 

SAMPIETRO, M. L., GILBERT, M. T. P., LAO, O., CARAMELLI, D., LARI, M., BERTRANPETIT, J., LALUEZA-
FOX, C. 2006. Tracking down human contamination in ancient human teeth. Molecular Biology and 
Evolution 23 (9), 1801–1807. DOI: 10.1093/molbev/msl047. 

SAMPIETRO, M.L., LAO, O., CARAMELLI, D., LARI, M., POU, R., MARTI, M., BERTRANPETIT, J., LALUEZA-
FOX, C. 2007. Palaeogenetic evidence supports a dual model of Neolithic spreading into Europe. 
Proceedings of the Royal Society 274 (1722), 2161–2167. DOI: 10.1098/rspb.2007.0465. 

SCHOLZ, M., GIDDINGS, I., PUSCH, C.M. 1998. A polymerase chain reaction inhibitor of ancient hard and 
soft tissue DNA extracts is determined as human collagen type I. Analytical Biochemistry 259 (2), 283–
286. DOI: 10.1006/abio.1998.2676. 

SHARMA, S., SAHA, A., RAI, E., BHAT, A., BAMEZAI, R. 2005. Human mtDNA hypervariable regions, HVR I 
and II, hint at deep common maternal founder and subsequent maternal gene flow in Indian 
population groups. Journal of Human Genetics 50 (10), 497–506. DOI:10.1007/s10038-005-0284-2. 

SOLTIS P.S., SOLTIS D.E., SMILEY C.J. 1992. An rbcL sequence from a Miocene Taxodium (bald cypress). 
Proceedings of the National Academy of Sciences 89 (1), 449–451. DOI: PMC48255. 

STONEKING, M. 2000. Hypervariable sites in the mtDNA control region are mutational hotspots. The 
American Journal of Human Genetics 67 (4), 1029–1032. DOI: http://dx.doi.org/10.1086/303092. 

SZÉCÉSNYI-NAGY, A., BRANDT, G., HAAK, W., KEERL, V., JACUKS, J., MÖLLER-RIEKER,S., MENDE, B.G., 
OROSS, K., MARTON, T., OSZTÁS, A., KISS, V., FECHER, M., PÁLFI, G., MOLNÁR, R., SEBÖKM K., CZENE, 
A., PALUCH, T., ŠLAUS, M., NOVAL, M., PEĆINA-ŠLAUS, N., ÖSZ, B., VOICSEK, V., SOMOGYI, K., TÓTH, 
G., KROMER, B., BÁNFFY, E., ALT, K.A. 2015. Tracing the genetic origin of Europe`s first farmers 
reveals insights into their social organization. Proceedings of the Royal Society B 282, 20150339, 1–9. 
DOI: http://dx.doi.org/10.1098/rspb.2015.0339. 

THALMANN, O., SHAPIRO, B., CUI, P., SCHUENEMANN, V. J., SAWYER, S. K., GREENFIELD, D. L., 
GERMONPRÉ, M.B, SABLIN, M.V., LÓPEZ-GIRÁLDEZ, F., DOMINGO-ROURA, X., NAPIERALA, H., 
UERPMANN, H.P., LOPONTE, D.M., ACOSTA, A.A, GIEMSCH, L., SCHMITZ, R.W, WORTHINGTON, B., 
BUIKSTRA, J.E., DRUZHKOVA, A., GRAPHODATSKY, A.S., OVODOV, N.D., WAHLBERG, N., FREEDMAN, 
A.H., SCHWEIZER, R.M., KOEPFLI, K.P., LEONARD, J.A, MEYER, M., KRAUSE, J, PÄÄBO, S, GREEN, R.E., 
WAYNE, R.K. 2013. Complete Mitochondrial Genomes of Ancient Canids Suggest a European Origin of 
Domestic Dogs. Science 342 (6160), 871–874, DOI: 10.1126/science.1243650. 

TOLK, H.-V., BARAC, L., PERICIC, M., MARTINOVIC KLARIC, I., JANICIJEVIC, B., CAMPBELL, H., RUDAN, I., 
KIVISILD, T., VILLEMS, R., RUDAN, P. 2001. The evidence of mtDNA haplogroup F in a European 
population and its ethnohistoric implications. European Journal of Human Genetics 9 (9), 717–723. DOI: 
PMID: 11571562. 

VANDENBERG, N., VAN OORSCHOT, R.A., MITCHELL, R.J. 1997. An evaluation of selected DNA extraction 
strategies for short tandem repeat typing, Electrophoresis 18 (9), 1624–1626. DOI: 
10.1002/elps.1150180924. 

VENTER, J.C., ADAMS, M.D., MYERS, E.W., LI, P.W.,. MURAL, R.J., SUTTON, G.G., SMITH, H.O., YANDELL, 
M., EVANS, C.A., HOLT, R.A., GOCAYNE, J.D., AMANATIDES, P., BALLEW, R.M., HUSON, D.H., 
WORTMAN, J.R., ZHANG, Q., KODIRA, C.D., ZHENG, X.H., CHEN, L., SKUPSKI, M., SUBRAMANIAN, G., 
THOMAS, P.D., ZHANG, J., GABOR MIKLOS, G.L., NELSON, C., BRODER, S., CLARK, A.G., NADEAU, J., 



Neculai Bolohan, Mitică Ciorpac, Florica Mățău, Dragoș Lucian Gorgan 

187 

MCKUSICK, V.A., ZINDER, N., LEVINE, A.J., ROBERTS, R.J., SIMON, M., SLAYMAN, C., HUNKAPILLER, 
M., BOLANOS, R., DELCHER, A., DEW, I., FASULO, D., FLANIGAN, M., FLOREA, L., HALPERN, A., 
HANNENHALLI, S., KRAVITZ, S., LEVY, S., MOBARRY, C., REINERT, K., REMINGTON, K., ABU-
THREIDEH, J., BEASLEY, E., BIDDICK, K., BONAZZI, V., BRANDON, R., CARGILL, M., 
CHANDRAMOULISWARAN, I., CHARLAB, R., CHATURVEDI, K., DENG, Z., Di FRANCESCO, V., DUNN, P., 
EILBECK, K., EVANGELISTA, C., GABRIELIAN, A.E., GAN, W., GE, W., GONG, F., GU, Z., GUAN, P., 
HEIMAN, T.J., HIGGINS, M.E., JI, R.-R., KE, Z., KETCHUM, K.A., LAI, Z., LEI, Y., ZHENYA LI, Z., LI, J., 
YONG LIANG, Y., LIN, X., FU LU, F., MERKULOV, G.V., MILSHINA, N., MOORE, H.M., NAIK, A.K., 
NARAYAN, V.A., NEELAM, B., NUSSKERN, D., RUSCH, D.B., SALZBERG, S., SHAO, W., SHUE, B., SUN, J., 
WANG, Z.Y., WANG, A., WANG, X., WANG, J., WEI, M.-H., WIDES, R., XIAO, C., YAN, C., YAO, A., YE, J., 
ZHAN, M., ZHANG, W., ZHANG, H., ZHAO, Q., ZHENG, L. , ZHONG, F., ZHONG, W., ZHU, S.C., ZHAO, S., 
GILBERT, D., BAUMHUETER, S., SPIER, G., CARTER, C., CRAVCHIK, A., WOODAGE, T., ALI, F., AN, H., 
AWE, A., BALDWIN, D., BADEN, H., BARNSTEAD, M., BARROW, I., BEESON, K., BUSAM, D., CARVER, A., 
CENTER, A., CHENG, M.L. , CURRY, L., DANAHER, S., DAVENPORT, L., DESILETS, R., DIETZ, S., DODSON, 
K., DOUP, L., FERRIERA, S., GARG, N., GLUECKSMANN, A., HART, B., HAYNES, J., HAYNES, C., HEINER, 
C., HLADUN, S., DAMON HOSTIN, D., HOUCK, J., HOWLAND, T., IBEGWAM, C., JOHNSON, J., KALUSH, 
F., KLINE, L., KODURU, S., LOVE, A., MANN, F., MAY, D., MCCAWLEY, S., MCINTOSH, T., MCMULLEN, 
I., MOY, M., MOY, L., MURPHY, B., NELSON, K., PFANNKOCH, C., PRATTS, E., PURI, V., QURESHI, H., 
REARDON, M., RODRIGUEZ, R., ROGERS, Y.-H., ROMBLAD, D., RUHFEL, B., SCOTT, R., SITTER, C., 
SMALLWOOD, M., STEWART, E., STRONG, R., SUH, E., THOMAS, R., TINT, N.N., TSE, S., VECH, C., 
WANG, G., WETTER, J., WILLIAMS, S., WILLIAMS, M., WINDSOR, S., WINN-DEEN, E., WOLFE, K., 
ZAVERI, J., ZAVERI, K., ABRIL, J.F., GUIGÓ, R., CAMPBELL, M.J., SJOLANDER, K.V., KARLAK, B., 
KEJARIWAL, A., MI, H., LAZAREVA, B., HATTON, T., NARECHANIA, A., DIEMER, K., MURUGANUJAN, 
A., GUO, N., SATO, S., BAFNA, V., ISTRAIL, S., LIPPERT, R., SCHWARTZ, R., WALENZ, B., YOOSEPH, S., 
ALLEN, D., BASU, A., BAXENDALE, J., BLICK, L., CAMINHA, M., CARNES-STINE, J., CAULK, P., CHIANG, 
Y.-H., COYNE, M., DAHLKE, C., MAYS, A.D., DOMBROSKI, M., DONNELLY, M., ELY, D., ESPARHAM, S., 
FOSLER, C., GIRE, H., GLANOWSKI, S., GLASSER, K., GLODEK, A., GOROKHOV, M., GRAHAM, K., 
GROPMAN, B., HARRIS, M., HEIL, J., HENDERSON, S., HOOVER, J., JENNINGS, D., JORDAN, C., JORDAN, 
J., KASHA, J., KAGAN, L., KRAFT, C., LEVITSKY, A., LEWIS, M., LIU, X., LOPEZ, J. MA, D., MAJOROS, W., 
McDANIEL, J., MURPHY, S. NEWMAN, M., NGUYEN, T., NGUYEN, N., NODELL, M., PAN, S., PECK, J. 
PETERSON, M., ROWE, W., SANDERS, R., SCOTT, J. SIMPSON, M., SMITH, T., SPRAGUE, A., 
STOCKWELL, T., TURNER, R., VENTER, E., WANG, M., WEN, M., WU, D., WU, M., XIA, A., ZANDIEH, A., 
ZHU, X. 2001. The Sequence of the Human Genome. Science 291 (5507), 1304–1351. DOI: 
10.1126/science.1058040. 

VINCE, A., POLJAK, M., SEME, K. 1998. DNA extraction from archival Giemsa-stained bone-marrow slides: 
comparison of six rapid methods. British Journal of Haematology 101 (2), 349–351. DOI: 10.1046/j.1365-
2141.1998.00702.x. 

YANG, D.Y., ENG, B., SAUNDERS, S.R. 2003. Hypersensitive PCR, ancient human mtDNA, and 
contamination. Human Biology 75 (3), 355–364. DOI: 10.1353/hub.2003.0050 

YANG, W.Y., NOVEMBRE, J., ESKIN, E., HALPERIN, E. 2012. A model-based approach for analysis of spatial 
structure in genetic data. Nature Genetics 44 (6), 725–731. DOI: 10.1038/ng.2285. 



Ancestral DNA ― an incontestable source of data for Archaeology 

188 

WATERS, K. 2013. Molecular Genetics, In: E.N. Zalta (Ed.), The Stanford Encyclopedia of Philosophy, Fall 2013 
Edition. Online:  plato.stanford.edu/archives/fall2013/entries/molecular-genetics/ (accessed: 
12.11.2015). 

WILKINSON, R., STEIPER, M., SOLIGO, C., MARTIN, R., YANG, Z., TAVARÉ, S. 2011. Dating primate 
divergences through an integrated analysis of palaeontological and molecular data. Systematic 
Biology 60. 16–31, DOI: 10.1093/sysbio/syq054. 

WILSON, A.C., CANN, R.L., CARR, S.M., GEORGE, M., GYLLENSTEN, U.B., HELM-BYCHOWSKI, K.M., 
HIGUCHI, R.G., PALUMBI, S.R., PRAGER, E.M., SAGE, R.D., STONEKING, M. 1985. Mitochondrial DNA and 
two perspectives on evolutionary genetics, Biological Journal of the Linnean Society 26 (4), 375–400, DOI: 
10.1111/j.1095-8312.1985.tb02048.x. 

WOODWARD S.R., WEYAND N.J., BUNNELL M. 1994. DNA sequence from Cretaceous period bone fragments, 
Science 266 (5188), 1229–1232, DOI: 10.1126/science.7973705. 

 

 

© 2016 by the authors; licensee Editura Universității Al. I. Cuza din Iași. This article is an 
open access article distributed under the terms and conditions of the Creative Commons 
by Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


