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Den här uppsatsen behandlar gammal DNA från 32 människor från den prehistoriska byn Ekwen belägen in 

nordöst Asien. Proverna har blivit masskopierade med hjälp av PCR och sekvenserad med FLX pyrosekvensering. 

Autentiska sekvenser har blivit bedömt genom användningen av PhyloNet och c-statistik och senare anpassad och 

jämförd med en referens sekvens (CRS). Tydliga C→T, T→C och A→G skador har upptäckts vid 

nukleotidpositioner vilket visar sig vara utmärkande för just den här populationen.  

 

Cover illustration: Google Earth Picture of the Ekwen site.  
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1. Introduction 

1.1. Preface 

In the 1980s developments within the fields of biology and archaeology were substantial and 

increased the possibilities of studying human and animal remains on a more detailed level than 

before. Instead of observing organism cells and the structures within them, with new techniques 

researchers could now focus on the molecules which made those structures work, the DNA. 

The first articles dealing with ancient DNA were published in the early 1980s. The subjects of 

these studies were an extinct zebra-like animal, the Quagga, and an ancient Chinese corpse. The 

Chinese corpse came from a tomb of the 2.000 year old Han dynasty and the scientists G. Wang 

and C. Lu claimed to have isolated nucleic acids from the preserved liver (Wang, Lu 1981:39). 

Russell Higuchi from Berkeley University intended to study on a mummified animal as the 

procedure for mummifying animals and humans is almost the same and therefore they appear 

well-preserved. In order to examine the animal-tissue Higuchi took a sample of the skin with 

muscle tissue and separated its molecular components into fractions. The fractions which held 

DNA were then mixed with DNA from a modern mountain zebra. The results showed that the 

surviving Quagga DNA had bonded with the zebra DNA and so Higuchi could proceed with 

isolating more Quagga DNA and sequence it (Jones 2001:14f). 

Svante Pääbo published his results on Egyptian mummies in 1985. He collected samples from 

ancient mummies belonging to several museums in Europe. He was able to extract DNA from a 

piece of skin from one female mummy’s ear. Pääbo applied ethidium bromide, a component 

that binds to nucleic acid emits florescence, under ultraviolet light and visualize the results. The 

same method was successfully applied to other mummies and Pääbo’s aspirations of typing 

ancient DNA were met when he extracted, cloned and sequenced 500 base pairs from a 

mummified young boys skin (Jones 2001:16). 

In July 1991 nine skeletons were discovered in a grave in Russia. The hypothesis that it could 

be the remains of the Romanov family was tested with help of mitochondrial DNA extraction. 

The results proved that the Tsar, Tsarina and three children of the family were buried in the 

grave together with their three servants and a royal Physician. Mitochondrial DNA analysis 

proved that the Tsarina and the three children were related on the maternal side (Ivanov et al. 

1991:1).  

 

DNA studies were carried out on bones of the Neanderthal-type specimen found in 1856 in the 

Neanderthal valley in Germany resulting in the discovery of a previously unknown mtDNA 

sequence. When compared to sequences of human mtDNA a kinship with Neanderthals could 

be ruled out (Krings et al. 1997:19). 
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Using the pyrosequencing technique Henrik Poinar successfully sequenced 28 million base 

pairs of DNA from a mammoth sample found in Siberia in 2006. A total of 13 million base 

pairs could be identified and a 98.55% match between the mammoth DNA and the African 

elephant could be made and helped to complete the whole genome of the mammoth (Poinar et 

al. 2006:392). 

 

In 2009 Thomas Gilbert published a study on Paleo-Eskimos and their migration patterns. 

Based on archaeological remains in Greenland and the north of Canada the settlements of the 

Paleo-Eskimo Saqqaq stand for the first migration flow of humans into the New World. Tests 

were carried out on a frozen 3400 to 4500 year old hair sample which came from an earlier 

excavation from a Saqqaq settlement in Greenland. A distinct haplogroup could be identified 

and assigned to present Siberian, Aleuts, Sireniki and Yuit people, meaning that the Paleo-

Eskimos were descended from inhabitants of the Bering Sea area (Gilbert et al. 2009:1787). 

 

The Ekwen site and its human remains were described in 1998 when Pei Pei Chu filed her 

master thesis, “Dietary Variation among the Prehistoric Asiatic Eskimo” at Simon Fraser 

University. In her study she discussed previous conclusions from archaeological researches 

concerning the Ekwen site as well as other Asiatic Eskimo sites, and claiming that the 

population was mainly reliant on marine resources such as sea mammal, walrus and whale. Her 

arguments were based on stable isotope analysis on 93 individuals from the village cemetery at 

Ekwen, including 19 faunal samples. Pei Peis results demonstrate that a marine-based diet 

dominated and terrestrial species, for example reindeers, mostly were excluded from their 

cuisine. Differences in male and female diet could not be detected, only dietary changes 

between the Old Bering Sea culture and later cultural periods were significant (Chu 1998:iii). 

1.2. Aim and research questions 

The aim of this study is to assess the quality of a genetic dataset retrieved from the Asiatic 

Eskimo site Ekwen. 

I have therefore formulated my questions as followed: 

1. Are the mtDNA sequences reliable for an archaeological analysis? 

2. Does the dataset display distinct haplotypes? 

1.3. Material and methods 

The focus of this study is the mtDNA samples taken by Pei Pei Chu and Anders Götherström in 

March 1996 at the Institute of Archaeology, Russian Academy of Sciences. The bones were 

excavated in 1967 at the prehistoric Asiatic Eskimo site Ekwen in the Northeast extremity of 

Asia.  
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The Ekwen dataset presented in this study includes a total of 32 individuals. Sex identification 

is available for 15 individuals of which 8 are female and 7 male. Seventeen skeletons were age 

determined yielding one infant (1 - 2 years), four children (4 - 12 years), one adolescent (13 - 

19 years) and eleven adults. 

Table 1 below shows each individuals sample number and, if available, the age determinations 

and sex identification divided. 

If certain information is not available the column is marked with -. 

Table 1: Overview of the material including sample number for each individual and if available age determinations and sex identification. 

Sample number Age  Sex  Sample number Age  Sex 

220 6 -  311 20-25 male 

276 - -  312 >40 female 

280 13 -  313 - - 

281 4-5 -  314 >40 female 

285A - male  315 5+-2 - 

285B - -  317 >40 female 

286 - -  318 25-35 female 

290 - -  319 30-35 male 

291 - female  320 30-40 male 

296 - -  321 25-35 male 

297 - male  323 20-25 female 

298 1-2 -  324 - - 

301 - -  325 30-35 female 

302 - male  326 20-25 female 

304A - -  327 12 - 

305 - -  376 - - 

The mtDNA samples from the skeletal material were already amplified and sequenced with 

PCR sequencing and FLX sequencing previous to my work. I will, however, describe these 

processes in short in the method section (3.1 and 3.1.2) before presenting the programs which I 

have been working with to answer my research questions. PhyloNet, a program based on an 

algorithm which detects authentic ancient sequences and BioEdit, where I align and later 

compare these sequences with the Cambridge Reference Sequence (CRS) which is known to be 

the mtDNA reference standard (Anderson et al. 1981). 
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2. Background 

2.1. The Site and its people 

The first Eskimo groups came to the Arctic approximately thousands of years ago and were 

spreading from Chukotka and the Bering Strait region in Northeast Asia over North America to 

Greenland. The Ekwen site, a prehistoric Asiatic Eskimo coastal village, is situated in Chukchi 

Peninsula which is located in the extreme Northeast of Asia (Encyclopedia 2012). The 

inhabitants of the Chukchi Peninsula settled down along the coastline and benefit from marine 

resources, anadromous fish stocks and birds. They had access to lagoons and freshwater 

streams which could be found close to the sea (Krupnik 1993:41). Pei Pei Chu described how 

people resided in the villages over a period of thousands of years (Chu 1998:8). The first 

scientific excavation of Eskimo prehistoric settlements on the Chukchi Peninsula took place as 

late as in 1945 (Ackerman 1984:6). 

 

Fig. 1: The Chukchi Peninsula coastline with the location of the Ekwen site (Pei 1998:2). 

The first sites discovered on the Chukotka coast are dated to the Old Bering Sea Culture 200 

BC – AD 500 and is related to the Okvik Culture which dates to 100 BC – AD 500. Both 

cultures had the Bering Strait region as their territory and focused on marine food resources, 

mainly walrus (Ackerman 1984:108).  

From AD 300 – 900 the Birnirk Culture dominated the region of Western Alaska, St. Lawrence 

Island, and Northeastern Siberia alongside the Bering Strait coast north to Kolyma River. 
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Among their nutrition economic appears not only marine but terrestrial species as well such as 

wild reindeer (Ackerman 1984:110). 

Like the Birnirk culture the Punuk culture, AD 600 – 1200, occurred in the Bering region as 

well and their settlements overlapped at some point following a total replacement by the 

Birnirk culture. Where the Birnirk people settled northwards along the Bering Strait coast, the 

Punuk people established their settlements southwards from the Chukchi Peninsula and had a 

marine nutrition economy based on large whales (Ackerman 1984:110f). 

The Western Thule culture dates to AD 800 – 1500 and has it roots in the Birnirk culture from 

which it unfolded around AD 800. Findings of artifacts from Thule, Birnirk and Punuk 

alongside in the Chukchi Peninsula and the islands close by is evidence for the high value the 

people of the Western Thule culture subscribed these objects. This can be seen in the harpoon 

findings from the Thule culture. Due to their marine dietary which included seals, walrus and 

whales, whaling harpoons show visibly improvements while the walrus and seals harpoons 

were exactly the same as those from the Birnirk and Punuk sites (Ackerman 1984:113). 

The late prehistoric-protohistoric culture, AD 1600-1700, evolved from the Punuk culture on 

St. Lawrence Island, AD 1600 – 1800. The Western Thule culture with characteristic features 

from Birnirk and Punuk survived in Northeast Asia until the historic period and migrated to and 

replaced prior cultures in the North American Arctic and Greenland. At the same time a few 

people of the Chukchi inhabitants spread to the coast and divided the Chukchi population into 

Maritime Chukchi and interior Reindeer Chukchi. Thereafter the Maritime Chukchi spread over 

numerous Eskimo villages in the 19
th

 century which is reflected in the early 20
th

 century 

censuses, confirming that no more than ¼ of the coastal population consists of Eskimo people 

(Ackerman 1984:115). 

2.2. Mitochondrial DNA 

The DNA within the nucleus of the human cell is approximately made up of 3 billion base pairs 

which are distributed on 23 pairs of chromosomes and coding for up to 40.000 genes. Only a 

small amount of the total genome lies however in the mitochondria, a small circle-shaped 

molecule (plasmid), which is located in the cell fluid outside the nucleus with about 16.569 

base pairs and is coding for a total of 37 genes. 13 genes answer for producing proteins, 22 hold 

the genetic code to produce transfer RNA, and 2 genes hold the genetic code to produce 

ribosomal RNA. The DNA is built up by sugar, phosphate and four nucleobases: adenine (A), 

thymine (T), cytosine (C) and guanine (G) (Hummel 2003:19). The DNA bases in a double 

helix with two molecular backbones are always attached in pairs. Adenine always pairs with 

thymine and guanine always pairs with cytosine. One of the differences between chromosomal 

DNA and mitochondrial DNA is that the last one only is inherited down the female line, 

meaning that both children and their mother share the identical gene sequence (haplotype). 

Though males receive their mother’s mtDNA as well, they cannot pass it further to the next 

generation, only daughters have this ability. Through studies of living human beings’ mtDNA a 



7 
 

reference sequence has been defined, it was the first complete sequenced mitochondria. At 

present it is used as the one sequence to which all new mutations in the mitochondria are 

defined by, the Cambridge Reference Sequence (Anderson et al. 1981:459ff). This gives us the 

opportunity to trace families and migration patterns back through time on the maternal line.  

Typical for ancient DNA or highly degraded DNA is the difference in the fragment-size. The 

size can range up to 500 base pairs and is usually less than 200 base pairs. Modern and younger 

DNA are less degraded than ancient DNA unlike fresh chromosomal DNA which can held 

hundreds of millions of base pairs in fragment-size, but will however decrease rapidly after 

death.  

The D-loop is a part of the mtDNA where the mutational rate is the highest and therefore the 

variation within also is the highest. Since the D-loop isn’t coding for any genes - mutations 

occurs here easier. Mutations are however 

not deselected but remain in the D-loop 

over generations. As a result one of the 

nucleobases will change to a different 

base. When mtDNA is passed on either a 

point mutation will be detected in at least 

one of the four nucleobases of the mtDNA 

code, e.g. for cytosine (C) you see thymine 

(T) or instead of guanine (G) adenine (A) 

or a length mutation where one or more 

base pairs has disappeared or were added. 

The whole mtDNA d-loop holds 16569 

base pairs in total and those are counted 

clockwise from 1 to 16569 starting from 

the origin point. The D-loop however is 

divided in two hypervariable regions, 

HVR1 and HVR 2. HVR1 includes 

nucleotide base pairs 16000 – 16569 and 

HVR2 1 – 400 (Hummel 2003:20f). 

Fig. 2: mtDNA loop and its coding areas including D-Loop (Genebase) 

2.2.1. Damage 

Through different studies in recent years the most regular forms of damages in ancient DNA 

have been observed such as the lost of nitrogen bases (depurination), modified pyrimidines and 

cross-linked DNA (Lamers , Hayter, Matheson 2009:41). The most common damage which 

results in errors in the ancient DNA sequence is caused by hydrolytic deamination of cytosine 

to a fifth base uracil, a non-nucleotide base. And the enzymes involved in PCR will read uracil 

as thymine and as a consequence the sequence from the PCR product will show a T instead for 

C and A will be read as G (Hofreiter et al. 2001:353f). This process of base substitutions is 
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known and divided in transitions, with type 1 and 2, and transversions with type 1 and 2 

(Hansen et al. 2001:263) as shown below in table 2.  

The miscoding lesions for transitions of type 1 are shown as T→C or A→G. For type 2, the by 

far most common form of postmortem damage, is either C→T or G→A. Transversions on the 

other hand having four substitutions for both type 1 and 2 A→C, T→G, A→T and T→A are 

possible substitutions for type 1 transversions and C→A, G→T, C→G or G→C (Lamers, 

Hayter, Matheson 2009:42).  

Tabel 2: list of base substituitions and sources of them and the classification of types (Lamers , Hayter, Matheson 2009:42). 

Base Substitution Principal damaging agent Type of transition/transversion 

T→C  Hydrolytic deamination Type 1 transition 

A→G Hydrolytic deamination Type 1 transition 

C→T Hydrolytic deamination Type 2 transition 

G→A Hydrolytic deamination Type 2 transition (result of a direct modification of G) 

A→C Oxidation Type 1 transversion 

T→G Oxidation Type 1 transversion 

A→T Oxidation Type 1 transversion 

T→A Oxidation Type 1 transversion 

C→A Oxidation Type 2 transversion 

G→T Oxidation Type 2 transversion 

C→G Oxidation Type 2 transversion 

G→C Oxidation Type 2 transversion 

The degradation and preservation of DNA and its molecules highly depends on the 

environmental situation such as the time of deposition and the conditions of storage. Low 

temperatures and a neutral ph-value have the greatest effect on the survival of DNA (Lamers, 

Hayter, Matheson 2009:42; Binladen, Willerslev. 2010:11)  

2.2.2. Contamination 

There are several sources which lead to contamination of ancient DNA. One of the sources can 

be the excavator himself on the archaeological site or other researchers handling the sensitive 

material in the laboratory. The number of possible post-mortem contaminators can easily reach 

well above 10 individuals including from people handling the corpse to the collectors of the 

material and people in the laboratory. Cross-contamination can occur between samples in the 

laboratory, e.g. if bones are stored together in one bag. Samples can be exposed to 

contamination by so-called Carry-overs where contaminants from previous PCR-amplifications 

are amplified in a new PCR-run (Götherström & Lindén 1998:55f).  

On top of this degradation of the DNA molecules facilitates contamination. The more the DNA 

molecules degrade the shorter they are in length and the fewer they will be in frequency. Any 

modern contamination will, as a result of this, top the aDNA molecules and a higher risk for 

amplifying a contaminated sample occurs. Soil, in interaction with other species and 



9 
 

microorganisms living in bones which outnumber any aDNA, is a contamination source as well 

(Götherström & Lindén 1998:55f). 

2.2.3. Authenticity 

Due to the fact that ancient DNA is very far degraded and very sensitive to contamination two 

of the leading researchers of the field, Allan Cooper and Hendrik Poinar, compiled a checklist 

consisting nine criteria for authenticity. They suggest for example an isolation of work areas to 

avoid contamination and negative control extractions and amplifications which help discover in 

what phase of the process contaminations occur, etc. (Cooper, Poinar 2000:1139). The aim with 

these criteria was to achieve more reliability of ancient DNA datasets. However the checklist 

cannot be considered as a guarantee authenticity for datasets and with regards to all the DNA 

contamination and damage problems most researchers only adopt specific criteria that fit their 

study (Gilbert et al. 2005:542). 

2.3. Previous studies 

The first study on human mtDNA came out in 1980 (Brown 1980) and since then mtDNA has 

turned out to be a fundamental basis for studies on human migration patterns, the history of 

population and human evolution. As a result of constant developments in the field of 

sequencing technologies whole mitochondrial genome sequencing is no longer exceptional but 

rather standardized through the including of both hypervariable regions (HVR1 & HVR2). To 

analyze mtDNA, one of two different ways can be chosen, either the lineage-based approach 

(or the phylogenetic approach) or the population-based approach. By using the lineage-based 

approach haplogroups are tracked down to their origins. One Haplogroup contains a group of 

related haplotypes shared by the same common ancestor and the same nucleotide mutation. 

Distinct haplogroups for Asia and the New World are for example A, B, C and D. The 

population-based approach (mainly using population genetics as analytic tool) is used when 

genetic methods are applied to a basic human population group in order to study the prehistory 

of individual populations or migration patterns of populations (Pakendorf, Stoneking 

2005:170f).  

An mtDNA study concerning the Siberian Eskimos in Chukchi was published in 1998 under the 

title mtDNA Diversity in Chukchi and Siberian Eskimos: Implications for the Genetic History 

of Ancient Beringia and the Peopling of the New World. By taking blood samples from 66 

Chukchi and 79 Siberian Eskimos and the extraction of mtDNA the results of e.g. 55 Chukchi 

individuals living in the southwest of the Chukchi Peninsula showed a derivation from coastal 

villages in the northeast of the Peninsula. Furthermore the results revealed a typical C→T 

transition on nucleotide position 16111, standing for haplogroup A which is typical for this area 

and also appears in America (Starikovskaya et al. 1998:1475ff). 

In 2002 the tomb of Birger Magnusson in Varnhem Abbey in Västergötland had been reopened 

to answer kinship questions between the three individuals buried within the grave. As it is 
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written in historical books the remains belong to Birger Magnusson, his son Erik, from an 

earlier marriage with Ingeborg Eriksdotter, and his second wife Mechthild. This conclusion was 

supported by the tombstone which pictured Birger, Erik and Mechthild. In the 1920 however 

the sex determination of the female skeleton was seriously doubted and left the earlier 

conclusion without context and led to a reopening of the tomb in 2002 (Malmström 2011:139). 

With the improvement of different kinds of methods not only sex determination but also 

diseases and the age of death could be determined and contributed to the results. Ancient DNA 

techniques for the investigation of any existing maternal relationship were applied as well and 

DNA was extracted from each individuals tooth, quantified with PCR and amplified with a 

particular set of primers before pyrosequencing with the Roche Genome Sequencer FLX 

instrument. The identification of the most authentic ancient sequences was accomplished using 

the c statistic in PhyloNet. Sequences with the best cmax value and a p-value below 0.05 were 

chosen and aligned in BioEdit into consensus sequences for all three individuals. The result of 

the consensus revealed no maternal relationship between the skeletons. In question of the 

doubted sex determination regarding the female skeleton a new osteological examination came 

to the conclusion that the remains belong to a female of 65 years which is as well supported by 

historical records of Mechthild (Malmström 2011:141).  

3. Methods 

3.1. PCR sequencing 

Polymerase chain reaction (PCR) is a widely established and 

used technique and a key moment in the experiments leading 

to mtDNA sequences. The purpose with PCR is to multiply 

duplicate ancient sequences in order to have more material to 

work with since mtDNA sequences are short and the amount 

is little. The PCR follows three cycles: denaturation, 

annealing and elongation and can be repeated until a suitable 

amount of sequences is reached (Hummel 2003:81). 

During the first step the sample is heated up for 

approximately 60 seconds at 94°C. Here the hydrogen bonds 

which hold the double-stranded DNA together are released 

and divided into single strands and the first doubling of a 

target sequence has occurred. During the next step, 

annealing, the temperature is lowered to 50-60°C for about 

60 seconds, depending on the primer  

 

Fig. 3: schematic drawing of the PCR cycle. 1) Denaturing at approximately 96°C. 2) 

Annealing at 68°C. 3) Elongation at 72°C. The cycle is now complete and results in two 

DNA strands which are the template DNA for the following cycle (Wikipedia 2012). 
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(a short synthetic DNA molecule used to direct and initiate elongation) you have chosen. At this 

step the 5’ and 3’ primers is attached to the DNA sequence and defines its start and end of the 

elongation. In the final phase, elongation, the temperature is raised to 72°C and new nucleotide 

bases are added starting from the 3’-end of the primers. Repeating these three steps a number of 

times will have an immediate effect on the outcome of the amount of sequences. Nevertheless it 

is recommended to run not more than 35-50 cycles on any sample (Hummel 2003:83ff). 

3.1.2. FLX sequencing 

FLX sequencing was the first of the recently invented sequencing methods capable of 

sequencing massive amounts of up to 25 million nucleotides in only one single run and in a 

short period of time and producing long DNA sequences (Binladen et al. 2007:1, 8). FLX 

sequencing converts DNA into sequence data in three key steps: 

1. DNA library preparation: A target or a whole section of a genome is used to create a 

DNA library. The genome, which is organized in chromosomal sequences, will be 

broken down to shorter double-stranded fragments of 400 – 600 base pairs and adapters 

are attached to each side of the fragments before the double-stranded fragments are 

divided into single strands.  

2.  Loading DNA sample on beads: DNA library fragments are injected into small sized 

cylindrical plastic containers, which contain a mixture of synthetic oil, together with 

captured beads and enzyme reagents are present in a water mixture. This mixture forms 

then an emulsion, small drops, around the beads where those containing only one DNA 

fragment are in majority due to proper dilution. Due to the enzyme which is held within 

the water mixture the isolated DNA fragments from every emulsion is amplified to 

millions of DNA copies, this process is in effect PCR where on reaction is held by each 

small drop. When finished, the beads are cleaned from oil. Beads which contain more 

than one type of DNA fragments are being identified and isolated through sequencing 

signals 

3. Sequencing by synthesis: by using an enzyme in this step the once single-stranded DNA 

fragment is being copied and made into a double-stranded one. While the enzyme 

moves along the single-stranded DNA fragment it inserts a matching nucleotide making 

the double-helix structure longer. After this process the DNA on the capture beads are 

sequenced on a PicoTiterPlate. Here the beads, which at this point contain amplified 

DNA strands, are distributed into the wells of the PicoTiterPlate together with several 

small enzyme beads and then sequenced by the 454 Sequencing System instrument. 

During the sequencing process the four DNA nucleotides (A, C, G and T) are added to 

the template strand. The DNA strands will extend whenever a nucleotide finds its 

complement which results in a light signal. These light signals are proportional to the 

number of nucleotides and will be captured by a camera in the instrument. This process 

is also known as pyrosequencing.  
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Due to the high amount of data produced by this type of parallel pyrosequencing, differences 

seen in the sequences like the missing or addition of one base or more and overlapping of 

sequences can be crucial to the understanding of an individual’s genome. All data from various 

runs are analyzed and, when interest lies in the human mitochondria, then compared for 

matches or differences to the Cambridge Reference Sequence (454 Life Sciences).  

3.3. PhyloNet 

3.3.1. Networks 

PhyloNet is a program based on a median-joining algorithm which identifies the ancient DNA 

sequence most likely to be authentic. The results are shown as a network consisting of 

sequences where star-like patterns and various statistical values are used for authentication. For 

identifying the source of the DNA, miscoding lesions caused by cytosine deamination are 

treated like information in the c-statistic and are tested for the existence of induced mutations 

within a set of cloned sequences. The undamaged template motif is displayed as a circle 

(haplotype) at the center of each star-like pattern in the network. Its size is here proportional to 

the amount of identical sequences and the branches going out of it represents miscoding 

lesions, mostly C→T transitions or G→A and their length is proportional to the amount of 

damages (Helgason et al. 2007:93ff).  

 

Fig.4: Network for individual 276, showing the star-like pattern with the undamaged sequence 6 in the center. 
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Fig. 5: Network for the same individual 276. Small amount of information and therefore of no value.  

3.3.2. c-statistics 

The basis of c-statistics is the knowledge that the degeneration from C→T is the most common 

post-mortem damage. The material for the c-statistic and the building of the networks are the 

sequences from one PCR product. PhyloNet calculates the amount of C→T damages in the 

whole network, and if there are significantly more C→T damages connected to any of the 

haplotypes in the network it is taken as an indication of authenticity. All other haplotypes in the 

network which are not authentic or damaged versions of it are likely to be contaminants.  

The following applies for reading the c-statistics (table 3):  

Taking the whole network in account, the more mutations it holds the higher each haplotypes 

ExpC-value. ExpC is the value you expect if the mutations are randomly distributed over the 

network and ObsC is the damage which is actually simulated and visible in the network. The 

ObsC-value increase when there are more damages around one haplotype. The p-value is 

generated through and based on ExpC and ObsC, the greater the difference the smaller the p-

value, and differs sometimes when the algorithm takes the SD-value into account which is 

based on the amount of observation. A p-value is considered as significant when it is lower than 

0.05 (Helgason et al. 2007:95f). 

Table 3: c-statistic for individual 276 with the authentic sequence 6 marked yellow. 

Haplotype HapNr HapCnt ObsC ExpC(Avg) ExpC(SD) P-value Motif 

seq124 1 1 0 1,38933 1,52099 1 Ref. node 

seq61 2 7 1 2,10133 2,06756 .72 24G 

seq51 3 3 0 1,714 2,071 1 1T 24G 53G 

seq101 4 1 6 1,70117 2,05133 .015 24G 40C 53G 

seq1 5 1 0 1,6925 2,04495 1 7T 24G 53G 
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seq2 6 1 0 1,8285 2,08932 1 16T 24G 53G 

seq23 7 1 6 1,753 2,07333 .013 24G 26C 53G 

seq32 8 1 0 1,73183 2,09755 1 24G 29T 53G 

seq46 9 2 0 1,69383 2,05577 1 24G 51T 53G 

seq50 10 1 0 1,7355 2,07675 1 18T 24G 53G 

seq56 11 2 6 1,75333 2,08268 .013 24G 53G 58C 

seq60 12 1 0 1,77683 2,10618 1 12T 24G 53G 

seq62 13 2 0 1,795 2,08813 1 10T 24G 53G 

seq71 14 1 0 1,78217 2,0786 1 24G 28T 53G 

seq78 15 1 6 1,78067 2,07675 .012 24G 53G 61C 

seq87 16 1 0 1,7525 2,10018 1 20T 24G 53G 

seq107 17 1 0 1,6425 2,02365 1 24G 53G 55T 

seq6 18 86 13 8,2555 2,07937 .017 24G 53G 

seq3 19 1 0 0,89767 1,3102 1 53G 60A 

seq104 20 1 2 2,7615 2,12282 .595 53G 

        

Single test of 

significance for 
maximum C 

value   

 

Population HapNr Haplotype ObsC ExpC(Avg) ExpC(SD) P-value  

Pop1 18 seq6 13 8,26 2,06926 .017 

 

 

3.4. BioEdit 

The sequenced alignments are compared to the Cambridge Reference Sequence (CRS) which is 

used as a standard method within DNA analysis (Anderson et al. 1981). Here the CRS from the 

D-loop HVR1 is of interest and its range, for this study, lies between 16051 and 16391 base 

pairs. Due to this comparison differences like damaged bases in sequences will be visible and 

contribute to the discussion of authenticity and further studies.  

4. Results 

The sequencing of 32 individuals’ mtDNA from the prehistoric Asiatic Eskimo cemetery at the 

Ekwen site revealed differences by 15 variable nucleotide positions from the Cambridge 

Reference Sequence (see table 4). The table shows C→T mutations at nucleotide positions 

16111, 16173, 16192, 16223, 16261 and 16290. T→C mutations are shown at nucleotide 

positions 16093 and 16311. The only A→G mutations are shown at nucleotide position 16265. 

The table below shows C→Y mutations for individual number 317 on nucleotide positions 

16072, 16082, 16104 and 16108. 

As shown in the table below (table 4) individual 298 and 301 share the same haplotype through 

the exact matching of nucleotide bases on similar nucleotide positions and could be considered 
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related. The same applies for three other groups of individuals. Individuals 281, 290, 318 and 

323 share the same haplotype having matching nucleotide bases at 16111, 16173, 16223, 16265 

and 16290. Individuals 314 and 320 could be related through matching on nucleotide position 

16093 and individuals 319, 327 and 376 on 16093 and 16223. 

Table 4: Displays at which nucleotide positions each individual sample differs from the Cambridge Reference Sequence, the prefix “16” has 

been deleted. 

  0 0 0 1 1 1 1 1 1 1 2 2 2 2 3 

  7 8 9 0 0 1 1 2 7 9 2 6 6 9 1 

  2 2 3 4 8 1 2 8 3 2 3 1 5 0 1 

CRS C C T C C C C C C C C C A C T 

220 - - - - - - - - - T T - - T - 

276 - - - - - - - - - - - T - T - 

280 - - C - - - - - - T T - - - - 

281 - - - - - T - - T - T - G T - 

285A - - - - - T - - T - T - G - - 

285B - - C - - T - - - T T T - T - 

286 - - - - - T - - - T T - G T - 

290 - - - - - T - - T - T - G T - 

291 - - - - - T - - - - - T - T - 

296 - - C - - - - - T - - - - - - 

297 - - C - - T - - T T T T - T - 

298 - - - - - T - - - - - - - T - 

301 - - - - - T - - - - - - - T - 

302 - - C - - - - - - T - - - - - 

304A - - - - - T - - T T T - - - - 

305 - - - - - T - - - - - - - - - 

311 - - - - - T - - - T T - - T - 

312 - - - - - T - - - - T - G T - 

313 - - C - - - - - T - T - - - - 

314 - - C - - - - - - - - - - - - 

315 - - - - - T - - - T T - - - - 

317 Y Y - Y Y T Y Y T T T - - - - 

318 - - - - - T - - T - T - G T - 

319 - - C - - - - - - - T - - - - 

320 - - C - - - - - - - - - - - - 

321 - - - - - T - - - - - - G T - 

323 - - - - - T - - T - T - G T - 

324 - - - - - - - - - - - T - T - 

325 - - - - - T - - - T - - - T C 

326 - - - - - T - - - T T - - T C 

327 - - C - - - - - - - T - - - - 

376 - - C - - - - - - - T - - - - 
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5. Discussion and conclusion 

The aim of this study was to assess the quality of the genetic dataset retrieved from the Asiatic 

Eskimo site Ekwen answering following questions: 

1. Are the mtDNA sequences reliable for an archaeological analysis? 

2. Does the dataset display distinct haplotypes? 

As previous studies already have shown C→T damages are the most common ones observed in 

mtDNA, and also the most common mutations, and the same applies for this study. Despite the 

small sample size the majority of nucleotide bases are covered and supported by at least two 

sequences within every sample which helps to discover and determine if the sequences are 

contaminated or damaged.  

Due to the bad condition of the sample from individual 317 most of the damages are shown as 

“Y”. The dataset for this individual consists of only three authentic ancient sequences with no 

more than 20 overlapping nucleotide bases at two points. The sample could have been damaged 

from the beginning due to degradation of the DNA molecules. This would even explain the 

small amount of the sample. A clear visible damage pattern could not be displayed in PhyloNet 

for some of the fragments (no data shown) when they held a too low amount of data.  

The authentication is mainly based on the c statistic and its algorithm. The algorithm 

considered a sequence as authentic mostly by its high ObsC-value. However in some cases a 

sequence with a lower ObsC-value could be significant as well. This can occur when another 

haplotype lies close to the authentic ancient one and parasites on its c-value, meaning the non-

authentic haplotype benefits from the authentic haplotypes c-value.  

Especially C→T, T→C and A→G transitions on nucleotide positions 16093, 16111, 16173, 

16192, 16223, 16261, 16265, 16290 and 16311 in this study are also supported by other studies 

(Starikovskaya et al. 1998:1478ff) and proved to be distinctive for this geographical region.  

The results display also four distinctive haplotypes for a total of eleven individuals from the 

Ekwen Site in this study, meaning a relationship could be implicit in between individuals 298 

and 301, individuals 290, 318, 281 and 323, individuals 314 and 320 and individuals 319, 327 

and 376. 

5.1 Further studies 

Mitochondrial DNA prepares a comprehensive basis for long-term genetic population studies 

and by using mtDNA as a tool e.g. migration patterns can be tracked down for different cultures 

and kinships and relationship patterns between several individuals can be investigated as well. 

Having accomplished producing useable data from the remains of the Ekwen cemetery the 
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resulting in a dataset of 32 individuals this study is suitable for further archaeological analysis 

like population migration into the New World. 

6. Summary 

For this study mtDNA samples were collected from 32 individuals of the prehistoric village 

Ekwen located in the northeast extremity of Asia.  

The ancient samples were amplified by using the PCR technique and FLX pyrosequencing. By 

using the c-statistic approach for sequence authentication significant and mostly C→T damages 

could be detected for the majority of the 32 individuals.  

The sequences for each individual were at last aligned to the Cambridge Reference Sequence 

revealing distinctive damages on several nucleotide bases.  

The results for this relatively large dataset also reveal related haplotypes for some of the 

individuals in between which makes further studies possible and most interesting.  

 



18 
 

7. References 

Literary references 

Anderson, S., Bankier, A.T., Barrell, B.G., DBruijn, M.H.L., Coulson, A.R., Drouin, J., 

Eperon, I.C., Nierlich, D.P., 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 

Vol. 290, p. 457-465.  

Ackerman, R. 1984. Prehistory of the Asian Eskimo Zone. Handbook of North American 

Indians vol. 5 Arctic. Washington.  

Binladen, J.,Gilbert, T., Bollback, J., Panitz, F., Bendixen, C., Nielsen, R., Willerslev, E. 
2007. The Use of coded PCR Primers Enables High-Throughoutput Sequencing of Multiple 

Homolog Amplification Products by 454 Parallel Sequencing p. 1-8. 

Binladen, J., Willerslev, E. 2010. Why study ancient DNA damage? Journal of Nordic 

Archaeological Science 17, p. 11-14. 

Brown, WM. 1980. Polymorphism in mitochondrial DNA of humans as revealed by restriction 

endonuclease analysis. Proc. Natl. Acad. Sci. Vol. 77, p. 3605-9. 

Chu, Pei Pei. 1998. Dietary Variation among the Prehistoric Asiatic Eskimo. Simon Fraser 

University. 

Cooper, A., Poinar, H. 2000. Ancient DNA. Do it right or not at all. Science Vol. 289, p. 1139 

Gilbert, T. Bandelt, H-J., Hofreiter, M. Barnes, I. 2005. Assessing ancient DNA studies. 

Trends in Ecology and Evolution Vol. 20, p. 541-544. 

Gilbert, T., Kivisild, T., Grønnow, B., Andersen, P., Metspalu, E., Reidla, M., Tamm, E., 

Axelsson, E., Götherström, A., Campos, P., Rasmussen, M., Metspalu M., Higham, T., 

Schwenninger, J-L., Nathan, R., De Hoog, C-J., Koch, A., Nukaaraq Møller, L., 

Andreasen, C., Meldgaard, M., Villems, R., Bendixen, C., Willerslev, E. 2008. Paleo-

Eskimo mtDNA Genome Reveals Matrilineal Discontinuity in Greenland. Science Vol. 320, p. 

1787-1789.  
Götherström, Anders & Lidén, Kerstin. 1998. Guidelines for work with ancient DNA 

developed at the Archaeological Research Laboratory. Stockholms universitet.  

Hansen, A.J, Willerslev, E., Wiuf, C., Mourier,T., Arctander, P. 2001. Statistical Evidence 

for Miscoding Lesions in Ancient DNA Templates. Molecular Biology & Evolution Vol. 18, p. 

262-265.  

Helgason, A., Pálsson, S., Lalueza-Fox, C., Ghosh, S., Sigurðardóttir, S., Baker, A., 

Hrafnkelsson, B., Árnadóttir, L., þorsteinsdóttir, Stefánsson, K. 2007. A Statistical 

Approach to Identify Ancient Template DNA. Journal of Molecular Evolution Vol. 65, p. 92-

102. 

Hofreiter, M., Serre, D., Poinar, H., Kuch, M., Pääbo, S. 2001. Ancient DNA. Nature 

Reviews Vol. 2, p. 353-359.  

Hummel, Susanne. 2003. Ancient DNA Typing .Methods, Strategies and Applications. Berlin 

Heidelberg.  

Ivanov, PL., Gill, P., Kimpton, C., Piercy, R., Benson, N., Tully, G., Evett, I., Hagelberg, 

E., Sullivan, K. 1994. Identification of the remains of the Romanov family by DNA analysis. 

Nature Genetics Vol. 6, p. 130 – 135 

Jones, Martin. 2001. The Molecule Hunt. How Archaeologists are Bringing the Past Back to 

Life. London.  



19 
 

Krings, M., A. Stone, R.W., Schmitz, H., Krainitzki, M., Stoneking, Pääbo, S. 1997. 

Neanderthal DNA sequences and the origin of modern humans. Cell Vol. 90, p. 19–30. 

Krupnik, I. 1993. Arctic Adaptations. Native Whalers and Reindeer Herders of Northern 

Eurasia. London.  

Lamers, R., Hayter, S., Matheson, C. 2009. Postmortem Miscoding Lesions in Sequence 

Analysis of Human Ancient Mitochondrial DNA. Journal of Molecular Evolution Vol. 68, p. 

40-55. 

Malmström, H. Vretemark, M., Tillmar, A., Brandström Durling, M., Skoglund, P., 

Gilbert, T., Willerslev, E., Holmlund, G., Götherström, A. 2011. Finding the founder of 

Stockholm – A kinship study based on Y-chromosomal, autosomal and mitochondrial DNA. 

Annals of Anatomy Vol. 194, p 138-145. 
Poinar, H., Schwarz C., Qi, J., Shapiro, B., MacPhee, R. Buigues, B., Tikhonov, A., Huson, 

D., Tomsho, L., Auch, A., Rampp, M. Miller, W., Schuster, S. 2006. Metagenomics to 

Paleogenomics: Large-Scale Sequencing of Mammoth DNA. Science Vol. 311, p. 392-394. 

Starikovskaya, Y., Sukernik, R., Schurr, T., Kogelnik, A., Wallace, D. 1998. mtDNA 

Diversity in Chukchi and Siberian Eskimos: Implications for the Genetic History of Ancient 

Beringia and the Peopling of the New World. American Journal of Human Genetics Vol. 63, p. 

1473-1491. 

Wang, GH., Lu, CC. 1981. Isolation and identification of nucleic acids of the liver from a 

corpse from the Changsa Han tomb [in Chinese]. Shen We Hua Hsueh Yu Shena We Li Chin 

Chan, p. 39:70. 

 

Nätkällor: 

Genebase. 2012. http://www.genebase.com/learning/article/17. Retrieved 15.11.2012. 

Encyclopedia. 2012. The Columbia Encyclopedia, 6th ed. 2012. 

http://www.encyclopedia.com/doc/1E1-ChukchiP.html. Retrieved 31.10.2012. 

454 Life Sciences. 1996-2012. http://www.454.com/downloads/news-events/how-genome-

sequencing-is-done_FINAL.pdf. Retrieved 15.11.2012 

 



20 
 

 

 

 

 

 

 

 

 

 

 

 


