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Abstract

The study of Ancient DNA (aDNA), DNA recovered from archaeological and historic post
mortem material, has complemented the study of anthropology and archaeology. There are
several challenges in the retrieval and analysis of DNA from ancient specimens including
exogenous contamination with modern DNA, polymerase chain reaction (PCR) inhibitors and
DNA damage because of environmental factors. Despite all the obstacles, the extraction of
aDNA is still possible through reliable extraction methods and highly sensitive PCR-based
technologies that facilitated the use of aDNA analysis in revealing the maternal and paternal
backgrounds of ancient populations. This dissertation examines prehistoric hunter-gatherer
populations that inhabited Siberia, Russia, several thousand years ago. The Lake Baikal of
Siberia was home to two temporally distinct populations from Early Neolithic, EN (8000-6800
cal BP) to Late Neolithic-Early Bronze Age, LN-EBA (5800-4000 cal BP). The EN group was
separated from the LN-EBA group by a 1000-year gap (hiatus). Several cemeteries have been
excavated as part of an international Baikal Archaeology Project (BAP). These include one EN
cemetery (Shamanka Il) and two LN-EBA cemeteries (Kurma Xl and Khuzhir-Nuge XIV).
Maternally inherited mitochondrial DNA (mtDNA) has been examined previously for two EN
cemeteries (Lokomotiv and Shamanka Il) and one of the LN-EBA cemeteries (Ust’-lda). mtDNA
has not been analyzed before from the Kurma Xl cemetery. This dissertation hypothesis focused
on the examination of mtDNA from Shamanka Il and Kurma XI cemeteries and examination of
Y-chromosomal DNA from the four excavated cemeteries (Lokomotiv, Shamanka Il, Ust’-lda and
Kurma XI) to identify genetic discontinuity and/or continuity between and within the EN and
LN-EBA of prehistoric populations. The project aims were; first, modification of published
methods for sample preparation, DNA extraction and PCR amplification for aDNA research.
Second, interpretation of mtDNA haplogroup distribution from Kurma Xl in the context of other
Lake Baikal cemeteries. Third, compare the genetic affinities of the prehistoric populations with
the contemporary populations of the area through the maternal lineage. Finally, comprison of
mtDNA and Y-chromosomal haplogroup distributions to determine maternal and paternal
genetic affinities. Four different mtDNA haplogroups were found in Kurma Xl individuals

including A, D, F and Z. mtDNA haplogroup Z was not represented before in Lake Baikal’s
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prehistoric populations. In addition, six extra samples from Shamanka Il were analyzed to reveal
that Shamanka Il and Lokomotiv did not share the same maternal background as was previously
suggested. New mtDNA results from Kurma Xl and Shamanka Il suggested that each of the EN
cemeteries and LN-EBA cemeteries had a different maternal origin; however, Kurma Xl shared a
similar maternal origin with Lokomotiv and also with Shamanka Il. Through SNaPshot multiplex
PCR amplification, Y-chromosomal haplogroups were obtained from male individuals in the four
cemeteries. Individuals from Lokomotiv and Shamanka Il were found to possess haplogroups K,
R1al and C3, and individuals from Ust’-lda and Kurma Xl were found to belong to haplogroups
Q, K and unidentified SNP (L914). For those individuals belonging to haplogroup Q, further
experimentation to examine sub-haplogroups of Q revealed that these individuals belong to
sub-haplogroup Q1la3. There was significant heterogeneity in the males from the Lokomotiv
cemetery when compared to the other three cemeteries. Furthermore, the Y-chromosome
results showed a discontinuity between the EN and the LN-EBA populations of Lake Baikal.
Combining the maternal and the paternal results from the prehistoric populations of Lake
Baikal suggested a patrilocal post-marital residence pattern, where females moved to their
husbands’ birthplace after marriage. This research highlighted the utility of DNA analysis as an
archaeological tool in conjunction with burial practices and artifacts in making inferences about

the prehistoric population structure.
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1. Introduction

The majority of North Asia comprises Siberia, which extends from the Pacific Ocean in the east
to the Ural Mountains in the west and between the Arctic Ocean in the north to China,
Mongolia and Kazakhstan in the south (Fig. 1.1). Siberia has provided a crucial geographical
connection between Asia and North America since the Paleolithic era. Siberia played a major
role as a transitional region for human migration towards the Americas and Japan; therefore, it
is essential that the history and the genetic affinities of people inhabiting this area is
understood in studying the migratory history of humans to the Americas and Japan and in
particular, the role of the Siberian people in the formation of the New World population (1).
Northern Asia was occupied from more than 40,000 years ago with the first evidence of human
settlement found in the Altai region of Siberia. Archaeological data suggest the occupation of
the Lake Baikal area in southern Siberia since the Upper Paleolithic (40,000 years) (2-5).
However, there is insufficient information available to indicate whether there was a biological
continuity between the current populations and the ancient population from around 40,000

years ago (4).
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Figure 1.1. Map representing Siberia, Russia (6).

Adapted with permission from [Population affinities of Neolithic Siberians: A snapshot from
prehistoric Lake Baikal. K.P. Mooder,T.G. Schurr,F.J. Bamforth,V.l. Bazaliiski,N.A. Savel\'ev.
American Journal of Physical Anthropology. Copyright © 2005 John Wiley and Sons] (License
number 3581560282120).



Previously, reconstructing the human history of this region depended mainly on archaeological,
anthropological and linguistic research. However, this was not enough to understand the
genetic affinities and social structure of ancient and extinct populations and to link them to
modern populations. Thus, including genetic research with other research areas was essential
in allowing reconstruction of historical genetic events that formed modern populations.

The analysis of ancient DNA (aDNA), defined as DNA recovered from archaeological and
historical post mortem material (7), has complemented other fields such as anthropology and
archaeology. Studying prehistoric populations’ genetic signature unveiled several important
aspects that other conventional methods could not. Many aDNA studies, worldwide, have been
conducted and published revealing information about human migration patterns, kinship
between individuals buried in the same grave, marriage patterns, social organization and more
(8-14).

2. Genetic markers

Each nucleated human cell carries two genomes. The one inside the nucleus is the nuclear

genome, and the one inside the mitochondria is the mitochondrial genome.
2.1. Mitochondrial genome

The mitochondria are the powerhouse of cells. They provide much of the cell’s energy
requirement through OXPHOS (oxidative phosphorylation) where hydrogen ions derived from
carbohydrate and fat metabolism are oxidized by breathed oxygen (15) with the generation of
adenosine triphosphate (ATP).

Mitochondrial DNA (mtDNA) is a small circular genome within the mitochondria found in the
cytoplasm and is able to replicate independently from the nuclear DNA (nDNA). mtDNA has
only 16,569 base pairs and consists of the L strand (light strand), which is the sense strand, and
the H strand (heavy strand), which is the anti-sense strand. mtDNA has no intronic sequences
and has very few non-coding bases, which are found in the D-loop (Displacement Loop), or the
control region (CR), which has two hypervariable regions, HV1 and HV2 (16) (Fig. 1.2). Each cell
has a high copy number of mtDNA that can reach hundreds to thousands of copies per cell (17).

mtDNA has a high mutation rate and accumulates mutations about 10 times more rapidly than



nDNA genes of similar function (18). mtDNA is not repaired with the same efficiency as nDNA
and has an increased error rate during replication (19), leading to the accumulation of
population-specific polymorphisms. Unlike nDNA, mtDNA undergoes almost no recombination
and has a rapid base substitution rate (15,20). One of the key characteristics of mtDNA is its
maternal inheritance (17). The maternal inheritance feature allows the study of population
migration through the maternal lineage (20). Because of its high copy number, mtDNA was the
first genetic markers that could be reliably analyzed in aDNA laboratories and is considered

highly valuable for anthropologists because of its maternal inheritance (6,21-26).
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Figure 1.2. Mitochondrial DNA (mtDNA) structure featuring the control region with its two
hyper-variable regions HV1 (16024-16383), HV2 (57-327). The arrows pointing at the common
polymorphic sites on mtDNA identifying several mtDNA haplogroups (27).

Adapted with permission from [The role of mitochondria in osteoarthritis. Francisco J. Blanco,
Ignacio Rego and Cristina Ruiz-Romero. Nature Reviews Rheumatology. 7 (3). Copyright © 2011
Nature Publishing Group] (License number 3576121214960).



2.1.1. Methods for typing mtDNA

2.1.1.1. Restriction Fragment Length Polymorphisms (RFLPs)

Polymorphisms found in mtDNA generate specific haplotypes, which in combination form
haplogroups that are unique to each population (20). A haplogroup is an assembly of specific
polymorphic variants inherited together, which reflect an individual’s evolutionary background.
There are several examples in the literature of mtDNA haplogroups defined by RFLPs. The first
demonstration of mtDNA polymorphisms in different ethnic groups was done by digesting
mtDNA with Hpal a restriction enzyme that cuts the DNA sequence at a specific site known as
the restriction site (28), (restriction site: GTT/AAC) to show variation in mtDNA sequence in
Caucasian, Asian and African individuals. These individuals showed different Hpal restriction
sites in mtDNA (29). It was later shown, using RFLP analysis, the greatest variation in mtDNA
sequences was in Africa, with the constructed mtDNA phylogenetic tree dating back to 100, 000
years before present (YBP) (30). RFLP analysis then became a powerful tool in identifying
variation in mtDNA sequence and thus identifying different mtDNA haplogroups (31) in human
population evolutionary history (32-37). The subsequent development of the polymerase chain
reaction (PCR) with amplification and direct sequencing of the hypervariable 1 region (HV1)
facilitated mtDNA haplogroup analysis at much greater resolution in both prehistoric and
modern populations. It became possible to link mtDNA haplogroups in prehistoric individuals
with modern populations (6,38-40).

2.1.1.2. Direct sequencing of hypervariable | region (HV1) by Sanger sequencing

The Sanger sequencing principle is based on sequencing a specific single-stranded DNA segment
through repetitive annealing of a DNA primer, and extension with a DNA polymerase while
incorporating deoxynucleotidetriphosphates (dANTPs). The sequencing reaction is terminated
with a modified dNTP called the dideoxynucleotidetriphostphate (ddNTP). ddNTPs lack the 3’-
OH group needed for binding with another nucleotide to form the phosphodiester bond, and
the incorporation of a ddNTP during sequencing ceases the polymerase from extending the
DNA sequence (41).

Direct sequencing, or Sanger sequencing, of the HV1 region, which contains the majority of

mutations for specific mtDNA lineages, has greatly expanded the scope of mtDNA haplogroup



analysis. Direct sequencing of the HV1 region is usually combined with data from RFLP typing in
assigning mtDNA haplogroups (6,38-40).

Sequencing of the control region (D-loop) (Fig. 1.2), containing both HV1 and HV2 regions has
been used in many aDNA research studies. One of the early examples was the analysis of
mtDNA from an Egyptian cemetery located in the Dakhleh oasis in the western desert (the
cemetery dates back to 100-450 AD (1565-1915 YBP)), with the aim of proving that there are
significant differences between the modern and ancient populations that inhabited this area
(21). Another example came from the mtDNA HV1 region of the one of the most celebrated
frozen mummies that was discovered in 1991 in the Eastern Alps near the Austro-Italian border,
the 5,000 year old Tyrolean “lce Man”. The mtDNA HV1 region was sequenced to reveal that

the “Ice Man” is related to the contemporary European population (42).
2.1.1.3. Other sequencing techniques for mtDNA genome

Complete sequencing of the mtDNA genome has greatly improved the mtDNA phylogenetic
tree allowing definition of sub-haplogroups and has provided enhanced insight into the mtDNA
haplogroups associated with populations and their geographic distributions (43-47). High-
throughput sequencing technology, or next-generation sequencing (NGS), allows the
sequencing of thousands or even millions of sequences in parallel. NGS sequencing technology
is one of the methods applied for complete sequencing of the mtDNA genome. NGS platforms
show that a complete sequence of the mtDNA genome can be obtained rapidly and efficiently
(47). These platforms have been applied to several aDNA studies of mtDNA. NGS was
conducted on one of the most famous mummies “Ice Man” (as described above) (48). Another
study analyzed a 700 year old first human New Zealander entering New Zealand, which is
considered the last major part of the globe to be inhabited by humans after their dispersal
across the world from Africa (49).

2.1.2. Distribution of mtDNA haplogroups

Figure 1.3 illustrates the human mtDNA tree representing the mtDNA lineages with the core
branch, formed by haplogroup L originating in Africa. The African L3 lineage is shared with the
rest of the world, where it is the only lineage outside of Africa, forming the other main

branches of the mtDNA tree, but the rest of the L branches are found exclusively in the African



population (50-54). The remaining world population belongs to two main lineages, M and N,
derived from L3. The Asian population is derived from the two main mtDNA lineages, M (51)
and N (55). Despite inaccuracy in figure 1.3, some mtDNA haplogroups might not be

represented in the Asian population (e.g. haplogroups Q and S).
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Figure 1.3. Simplified mtDNA Tree for Europe, Asia, Africa illustrating the divergence of the
Afrian lineage L3 to Asia and Europe forming the other two main lineages M and N and their
sub-lineages (56).

Adapted from (URL: http://www.mitomap.org/pub/MITOMAP/WebHome/simple-tree-
mitomap-2012.pdf) licensed by Creative Commons Attribution 3.0 license that allows sharing
and adaption for any purpose, even commercially
(http://creativecommons.org/licenses/by/3.0/deed.en_US).
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Figure 1.4 Illustrates the mtDNA haplogroup distribution and the estimated time of human
migratory events around the globe.

The focus of this research was the Siberian population, occupying the majority of north Asia.
The dispersal of Asian mtDNA haplogroups varies widely across Asia. The main sub-lineages of
M detected in the Asian populations are C, D, G, E and Z (34), and the sublineages of N include
A, B, Fand Y (34). All these haplogroups are formed as a result of specific mutations in the
mtDNA HV1 region. Several studies have defined the mutations in the HV1 region (e.g.
(32,34,36,57,58)). According to MITOMAP (A Human Mitochondrial Genome Database) (56),
haplogroup C is defined by base substitutions in the HV1 region at 16223, 16298 and 16327.
Haplogroup D defined by two base substitutions at 16223 and 16362, and G has three base
substitutions at 16223, 16278 and 16362. Haplogroup E defined by two base substitutions at
16362 and 16390, and the last Asian haplogroup derived from the main M mtDNA lineage is
haplogroup Z, defined by base substitutions at 16185, 16223, 16260, and 16298. For the cluster
of haplogroups under the main N lineage, haplogroup A is defined by base substitutions at
16223, 16290, 16319 and 16362. Haplogroup B is defined by three base substitutions at 16183,
16189 and 16217. Haplogroup F, according to MitoMap, is defined by one base substitution at
16304. The last haplogroup found in the Asian population, haplogroup Y is defined by one base
substitution at 16126 (56). Haplogroups and their base substitutions, either transitions or
transversions, are summarized in Table 1.1.

The distribution of the mtDNA haplogroups diverges widely between the northern and
southern Asian populations. Haplogroups B and F are widely distributed throughout the south
Asian population; however, this population generally lacks other Asian haplogroups, A, C, D, G,
E, Y and Z, which are found predominantly in the north Asian population (15,59).

Most of the north Asian haplogroups (A, C, D, G, Y and Z) are represented in the Siberian
populations (32,35-37,57), but Siberian population lacks haplogroup B (36). The native Siberian
population is genetically heterogeneous with the respect to mtDNA haplogroup distribution
(36). A number of studies have been conducted to define the connection between the Siberian
and Native American populations through the analysis of mtDNA haplogroup distribution

(36,37,60-64). These analyses demonstrated the links between the Asian mtDNA haplogroups
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and the contemporary populations inhabiting the New World and the Americas. There are four
main mtDNA haplogroups, A, B, C and D, found in Native Americans. Haplogroups A, Cand D
are found in the Siberian population with high frequency suggesting their early arrival to the
New World approximately 35,000-25,000 years before present (YBP). However, haplogroup B
might indicate a second later wave of migration events to the New World (60,65) as the
estimated time for its divergence in the New World is 17,000-13,000 YBP, which is much more
recent than haplogroups A, C and D (36).

Many questions about the origin of the New World population and the number and timing of
the migratory events that formed the Native American population remain unanswered.
Studying prehistoric Siberian populations through mtDNA analysis may help to address some of

the unsolved mysteries of the origin of the New World population.



Table 1.1. Asian mtDNA haplogroups and the HV1 base substitutions defining them created

with reference to the MITOMAP database (56).

Asian mtDNA HV1 Base Substitutions
Haplogroups
M
C 16223 (C>T), 16298 (C>T) and 16327 (C>T)
D 16223 (C>T) and 16362 (T>C)
G 16223 (C>T), 16278 (C>T) and 16362 (T>C)
E 16362 (T>C) and 16390 (G>A)
Z 16185 (C>T), 16223 (C>T), 16260 (C>T) and 16298 (C>T)
N
A 16223 (C>T), 16290 (C>T), 16319 (G>A) and 16362 (T>C)
B 16183(A>C), 16189 (T>C), and 16217 (T>C)
F 16304 (T>C)
Y 16126 (T>C)

13
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Figure 1.4. Human mtDNA migrations through the globe with the first evidence of migration
from Africa with an estimated timing of the event, plus the distribution and the estimated
timing of the migratory events of various mtDNA haplogroups around the world (updated
March 2013) (56).

Adapted from (URL:
http://www.mitomap.org/pub/MITOMAP/MitomapFigures/WorldMigrations2013.pdf) licensed
by Creative Commons Attribution 3.0 license that allows sharing and adaption for any purpose,
even commercially (http://creativecommons.org/licenses/by/3.0/deed.en US)
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2.2.Nuclear genome markers

Unlike mtDNA, autosomal nDNA is limited to two copies per cell found in the nuclear
chromosomes, which makes its retrieval from ancient human skeletal remains more challenging

because of its low copy number.
2.2.1. Autosomal microsatellites or short tandem repeats (STRs)

Microsatellites, also known as STRs, are DNA sequences of variable length and number of
repeat units at a given locus (66). Each repeat element varies in length from two to six bases
and is widely used in population genetics (67). Variation in repeat number in these
microsatellites occurs because of slippage during DNA replication that results in different
repeat sizes (68). Ninety percent of mutations in microsatellites result from addition or deletion
of one repeat unit, which creates the variation in repeat number (69). The rate of mutation in
the STRs is much higher than in single nucleotide polymorphisms (SNPs), sequence variants that
appear on average every several hundred bases all through the human genome (70). It is
estimated at 1073 per locus per generation whereas the SNP mutation rate is 10® mutation per
generation (69,71-73). Because STRs have multiple alleles (usually more than 5) while SNPs
almost always have only two alleles, they provide more information per marker (74). STRs can
be detected on both autosomes and sex chromosomes. Y-chromosomal STRs will be discussed
later. Table 1.2 summarizes the differences between SNPs and STRs.

Autosomal STR analysis provides a well-established marker system that has been used by
several archaeological, forensic and aDNA studies to determine genetic kinship between closely
related individuals by biparental loci, because autosomes are inherited from both parents
(22,75-77). Autosomal STRs have numerous characteristics, facilitating their utility in analysis of
highly degraded aDNA (78), including their abundance and high frequency throughout the
genome, wide range in the number of repeats per locus, and short amplicon length (78).
Autosomal STRs used for forensic studies are either on separate chromosomes or are far apart
from each other on the same chromosome to maximize linkage disequilibrium, non-random

association between alleles on different loci (79).



Table 1.2. A comparison between SNPs and STRs
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Points of Comparison

SNPs (Single Nucleotide Polymorphisms)

STRs (Short Tandem Repeats)

Number of alleles

Two alleles only @

Multiple alleles (usually more than 5) @

Mutation rate

10® mutation/generation

1073 per locus/generation

Frequency throughout
the genome

More frequent (occur every several hundred
bases)

Less frequent (occur every several bases)

Amplicon size

Can be less than 100 bp

Mostly between 100 to 450 bp

Recovery of information
from degraded DNA

Possible because mostly only a single nucleotide
need to be measured

Hard because an array of nucleotides
(hundreds) need to be measured ®

Power of discrimination

Not as powerful as STRs (40-60 SNPs needed to
be equivalent to 13-15 STR loci) ®)

Powerful because they are more
polymorphic than SNPs ®)

Databases

dbSNP-NCBI
(www.ncbi.nlm.nih.gov/projects/SNP/)

ATCC STR Database (www.atcc.org)

* (a)=(74)
* (b)=(80)
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2.2.2. Amelogenin locus

Amelogenin, a gene involved in dental enamel formation, is found on both the X and the Y
chromosomes (81). The amelogenin locus can be used to identify the sex of individuals because
of a 6 base pair (bp) deletion polymorphism unique to the X-chromosome (82). PCR primers for
amelogenin amplification, in most of the world populations, give 106 bp products for females
and 106/112 bp product for males (83).

A commercial application, the AmpFISTR® Identifiler® kit (Applied Biosystems, NY, USA) has
been applied to several aDNA studies that focused on identifying autosomal STRs and the
amelogenin locus (22,75). The AmpFISTR® Identifiler® kit, amplifies 15 STR loci together with
the variable amelogenin locus in one single multiplex reaction.

2.2.3. The Y-chromosome

The study of the human Y-chromosome is of importance in tracing human evolution through
the paternal lineage. The Y-chromosome is exclusively inherited from the father, meaning each
male carries the same Y chromosome as his father, paternal grandfather, brothers, paternal
uncles, and any male individual related to his father (84). Y-chromosome analysis allows
researchers to trace the evolution and human migration patterns from the paternal lineage
while the maternally inherited mtDNA traces the evolution and human migration patterns from
the maternal lineage.

2.2.3.1. Y-chromosome structure

The Y-chromosome is the second smallest chromosome after chromosome 21 (Fig. 1.5). It is an
acrocentric chromosome about 60 megabases (Mb) in length. It consists of two parts, the non-
recombining region (NRY) and the pseudoautosomal regions (PARs). About 35 Mb of the NRY is
euchromatic DNA, and the rest is a block of heterochromatic DNA. The PARs, about 5% of the
sequence, are found at the telomeres of the Y-chromosome. The PARs are the only parts on the
Y-chromosome that recombine with the PARs on the X-chromosome during meiosis in order to
maintain their attachment on the spindle fibers during cell division and act as regular

autosomes (85). The NRY part of the Y-chromosome has specific genes that are mostly related
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to conferring male phenotype, and the PARs have diverse genes acting as autosomal genes (i.e.
expressed on both the X and the Y chromosome).

The NRY region comprises about 95% of the human Y chromosome, and it was previously
believed that this area of the Y chromosome was just “a waste land” without any genes (84).
However, in 1997 a paper was published in Science by Lahn and Page identifying 12 genes
within the human Y-chromosome NRY (86). They divided these 12 genes into two groups. The
first group has five genes, which are considered housekeeping genes. These five Y-chromosome
NRY genes have homologues on the X-chromosome, which encode proteins similar to the ones
on the X-chromosome but not identical, and have functions in different tissues and there is
mostly only one copy of each gene on the Y-chromosome. The second group consists of seven
genes that have multiple copies in the NRY region, appear to be specifically expressed in the
testis, and are associated with the male phenotype and reproductive fitness. The SRY (Sex-
determining region on Y) gene is one of the second group of genes, and is responsible for sex
determination. SRY is expressed in the testis but there is only one copy of this gene unlike all
the other genes in the second group, as they have multiple copies (86,87).

There are two PARs on the human Y chromosome (PAR1 and PAR2). PAR1 is on the tip of the
short arm (Yp) of the Y chromosome and about 2.7 Mb in physical length. PAR2 is on the tip of

III

the long arm (Yq) and about 0.33 Mb in length. PARs were named “pseudoautosomal” regions
because pairing and crossover between the X and the Y chromosomes take place at these loci.
They act as autosomal genes where they have similar gene density and structure in regard to
the presence of exons and introns (88,89). Currently, there are known to be 24 genes in PAR1
and only five genes in PAR2 (90). Loss of the PAR1 region is associated with male infertility,
which indicates that the presence of PAR1 is essential for X-Y homologous pairing and proper
segregation during meiosis (91). Mapping genes on the PARs can be done through both physical

mapping techniques and genetic linkage techniques and because the PARs act as autosomes,

the recombination rate can be determined between their genes (90).
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Figure 1.5. Y-chromosome structure featuring the Non-Recombinant Region (NRY) and the
pseudo-autosomal regions on the Y-chromosome, which act as autosomes and undergo
recombination during meiosis (84).

Adapted with permission from [Molecular biology of the human Y chromosome. Ulrich Wolf.

Rev. Physiol. Biochem. Pharmacol. (121). Copyright © 1992 Springer] (License number
3546651058232).
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2.2.3.2. Y-chromosomal markers

During the last few years many DNA polymorphisms had been described specific to the Y-
chromosome. Many DNA polymorphisms among different human populations that can be
found on Y-chromosomal DNA have led to a dramatic increase in studies of the paternally
inherited Y-chromosome and its significance in evolutionary and population genetics (92-98).
These polymorphisms include single nucleotide substitutions, small and large deletions,
inversions and duplications. These polymorphisms have different mutation rates (99). Some loci
have low mutation rates, which provide the opportunity to use them in differentiating between
ancestral branches on the human evolutionary tree (94,95,100,101). Other loci with high
mutation rates are used for the analysis of more recent evolutionary events (96,102-104).
There are two types of markers on the Y-chromosome, binary markers and Y-chromosomal
STRs, and both will be discussed in more detail below.

2.2.3.2.1. Y-chromosome binary markers

There are two main groups of polymorphic markers on the Y-chromosome. The first group
consists of rare (unique) event polymorphisms (UEPs) characterized by a low mutation rate
(10 mutations per generation). These mutation events generate biallelic or binary markers
because a mutation event at a locus takes place only once, and only two alleles of this mutated
locus will be established in the population. The biallelic markers include single nucleotide
polymorphisms (SNPs) and insertion/deletions (indels) (69,105-107). Binary markers are
exceptionally useful because of their low mutation rate, making them appropriate for
identifying stable paternal lineages, which can be tracked back in time for thousands of years
(108). Before 1997 only a few Y-chromosomal biallelic markers had been described, but the
technique of denaturing high performance liquid chromatography (DHPLC) facilitated the
discovery of hundreds more Y-chromosomal SNPs (Y-SNPs) by a group of researchers at
Stanford University led by Peter Underhill (109,110). By 2002 there were 245 binary markers
described (108), and by 2008 the number of binary markers reached 600 (111).
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2.2.3.2.2. Y-chromosomal STRs

Y-chromosomal STRs (Y-STRs) represent the second group of Y-chromosomal polymorphic
markers. The Y-STRs are used widely in the forensic field because of their typing simplicity and
high level of diversity. Analyzing STRs requires simple PCR amplification techniques. In addition,
STR typing techniques can be performed on degraded DNA samples (99).

DYS19, also known as DYS394, was the first Y-STR identified (112). DYS19, a tetranucleotide
repeat, contains a (TAGA); TAGG(TAGA), repeat unit. In the Brazilian population, five different
alleles (A-E) were found with sizes ranging from 186 to 202 base pairs (113). Later more alleles
were described for the DYS19 microsatellite (114). More Y-STR markers have been described
recently because of “...the availability of DNA sequence information from the Human Genome
Project and improved bioinformatics tools for searching DNA sequence databases” (115). The
European forensic community in 1997 established a group of Y-STR markers called the “minimal
haplotypes” which includes DYS19, DYS389l/Il, DYS390, DYS391, DYS392, DYS393, and
DYS385a/b including YCAIlla/b as an optional marker. The “minimal haplotypes” are the most
used Y-STR markers to examine specific population polymorphisms. These markers were used

to create most of the Y-chromosome databases using Y-STRs (116-118).
2.2.3.3. Methods of typing Y-chromosomal markers

Several technigues have been applied for typing Y-chromosomal markers (Y-SNPs and Y-STRs),
and other new technologies have been developed. The LightCycler (Real-Time PCR system)
(Roche Molecular Biochemicals, Mannheim, Germany), an ultra fast thermal cycler that allowed
researchers to monitor the amplification of the PCR product in real time, was used to analyze Y-
SNP marker in singleplexes or duplexes only (119), and multiplex analysis was used for
analyzing more than one Y-SNP marker at a time (120). One recent innovation was the primer
extension technique using the SNaPshot kit supplied by Applied Biosystems (NY, USA) (74).
SNaPshot is a simple method; it consists of a single base extension of a primer, chosen to
amplify the SNP of interest. The primer is unlabeled and it anneals one base upstream of the
SNP of interest. During extension, a fluorochrome-labeled dideoxynucleotide (ddNTP) binds to
the SNP site, and the fluorescence color can be detected by capillary electrophoresis (121). The

SNaPshot assay was used not only for the analysis of Y-chromosome SNPs (122-126), but also
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with mitochondrial DNA (127-130) and autosomes (131,132). These studies suggest that the
SNP typing method is not only robust but also highly sensitive. The SNaPshot technique can
even be used with degraded and aged DNA including aDNA. However, aDNA primers need to be
designed to amplify small amplicons because of the degraded conditions of aDNA (121).
Multiplex PCR amplifications for Y-STR markers allow for the examination of more than one STR
marker at a time. The multiplex approach saves effort and time for researchers and also
minimizes sample quantity required for more than one PCR amplification especially from
precious samples (133). The crucial part of the multiplexing assay is designing the primers (133-
135). The primer annealing conditions used in multiplexing several STRs must have compatible
conditions, and must not interfere with one another (135,136). There are several commercial
kits for Y-STR multiplexing assay; ReliaGene has produced two types of commercial kits for
typing Y-STR markers: one amplifies six Y-STR makers (Y-PLEX™ 6), DYS19, DYS389ll, DYS390,
DYS391, DYS393 and DYS385a/b, and the second multiplex examines five Y-STR markers (Y-
PLEX™5), DYS3891/1l, DYS392, DYS438 and DYS439. Using both kits allows analysis of the
“minimal haplotypes”, including DYS438 and DYS439 (74).

Multiplexing several Y-STR markers can also be used with aDNA skeletal materials with primers
designed to fit the DNA degraded conditions. A group of researchers (137) attempted to
amplify four Y-STR markers (DYS19, DYS3891/1l, and DYS390) from archaeological samples of
human skeletal remains (250-3000 years old). Not all the Y-STR markers yielded results in each
amplification reaction because of the degraded DNA conditions. With highly degraded material,
the system that amplifies the largest product would tend to fail first, which is why it is essential
to design primers to amplify short products to increase the chance of a successful amplification.
Still, Y-STR markers are not highly discriminatory because of the linkage properties of the Y-
chromosome that can be demonstrated through a group of males carrying identical haplotypes
(e.g. (137)), which means that two males can carry the same Y-STRs and yet they are not

paternally related.
2.2.3.4. Distribution of Y-chromosomal haplogroups based on binary markers

In 2002, only 245 mutational events were described on the NRY region, giving rise to 153

haplogroups and their sub-haplogroups using binary markers on the Y-chromosome such as
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base substitutions and insertions/deletions. The YCC (Y Chromosome Consortium), a group of
researchers collaborating to study the genetic varations in the NRY of the human Y-
chromosome, constructed a single parsimonious tree for the 153 haplogroups (108). The main
root of the tree, the position of the oldest common ancestor, drops between two main
haplogroups. One defines haplogroup A, the first haplogroup above the position of the root,
with two mutations (M91 and P97), and the other is described by a group of markers (SRY 10s31a,
M42, M94 and M139) (Fig. 1.6). Haplogroup A is an African haplogroup (138,139). In 2002,
there were only 18 Y-chromosomal haplogroups (A-R) (108). Because more binary markers have
been discovered and added to the single parsimonious tree created by the YCC, a unified
update was required. Thus, by 2008, when the number of binary markers reached 600, and 311
haplogroups with two new major haplogroups (S and T), a group of researchers updated the
YCC tree to include all the new markers and haplogroups (111). Sub-haplogroups under each
major haplogroup are designated through a number following the alphabetic designation of the
major haplogroup (e.g. haplogroup E has three basal haplogroups assigned numbers E1, E2, and
E3). Also, there are paragroups, marked by a star (*), where the group is related to the main
haplogroup and not to the sub-haplogroups (e.g. E* underived paragroup belongs to E major
haplogroup but neither to E1, E2 or E3). Nested haplogroups under each major one are named
using the same system of alphabet but with lower-case letters instead of capitals (e.g. R1lal
haplogroup where the major clade is R). The other way of defining a haplogroup is to designate
each haplogroup with the mutation that describes it (e.g. haplogroup G* is the same
haplogroup as G-M201*) (108). Formerly, it was mentioned that the focus of this study is on
Siberia. Therefore, it is important to describe the distribution of Y-chromosomal haplogroups in
Asia. Haplogroup C might have originated in Asia, after the modern human migration out of
Africa about 200,000-130,000 YBP. It exists with a high frequency among the Asian population
(138-141). Sub-haplogroups of C (C4, C5 and C6) are found in South and Central Asia (111).
Haplogroup D is found specifically in Asia and rarely outside of Asia, which suggests an Asian
origin. Haplogroup D is a common lineage between Central Asian and Japanese populations and
less common in Southeast Asian population (140,142). Sub-haplogroup D3 is found exclusively

in Tibet, the Altai and Mongolia (111). Haplogroup E, which holds the highest degree of
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diversity among all the major Y-chromosomal haplogroups, is detected occasionally in Central
and South Asia (95,138,143). The J lineage has a common occurrence in Central Asia (138,139),
and haplogroup L is also detected in Central Asia (138,143). The O lineage is a major haplogroup
in East Asia and also occurs in Central Asia (138,140). One of the major haplogroups widely
distributed in North Eurasia and specifically in Siberia, is haplogroup Q (144). In addition,
haplogroup Q is a founder lineage among the Native American population with the Qla3a
exclusively limited to the Native American population (145). Figure 1.7 illustrates the Y-

chromosomal haplogroup distribution in the world.
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Adapted with permission from [New binary polymorphisms reshape and increase resolution of

the human Y chromosomal haplogroup tree. Karafet,T.M.; Mendez,F.L.; Meilerman,M.B.;
Underhill,P.A.; Zegura,S.L.; Hammer,M.F. Genome Research. 18(5). Copyright © 2008 Cold
Spring Harbor Laboratory Press]. Genome Research is an open access journal, which permits
non-commercial use, distribution, and reproduction in other forums, provided the original

authors and source are credited.
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Figure 1.7. Y-chromosomal haplogroup distribution around the world representing haplogroups
AtoR(143).

Adapted with permission from [The human Y chromosome: an evolutionary marker comes of
age. Mark A. Jobling and Chris Tyler-Smith. Nature Reviews Genetics. 4(8). Copyright © 2003
Nature Publishing Group] (License number 3584550608180).
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3. Genetic markers and the Baikal Archaeology Project (BAP) multidisciplinary

research initiatives

The Lake Baikal region of Siberia has provided a number of large mortuary complexes dated
back to several thousand years ago. Canadian and Russian archaeologists have recovered a
large number of well-preserved skeletal remains from discrete burial sites in the area, dating
from 8000 to 4000 YBP (146,147). The area was home to two temporally distinct populations,
the Kitoi, 8000-6800 YBP, (Early Neolithic, EN) and the Serovo-Glazkovo, 5800-4000 YBP, (Late
Neolithic-Early Bronze Age, LN-EBA). The EN group was separated from the LN-EBA group by an
approximate 1000-year gap (hiatus) during which large mortuary sites are entirely absent in the
area. Several cemeteries have been excavated as part of an international multidisciplinary
initiative, the BAP. These include one EN cemetery (Shamanka Il) and two LN-EBA cemeteries
(Kurma Xl and Khuzhir-Nuge XIV). One EN cemetery (Lokomotiv) and one LN-EBA cemetery
(Ust’-Ida) were excavated prior to and independently of BAP. BAP seeks to reconstruct the
lifestyle of hunter-gatherers who lived around Lake Baikal through the application of research
methods from archaeology, human osteology, bone chemistry, human genetics, and
environmental studies (147). Archaeological data suggest cultural discontinuity between the EN
and LN-EBA groups with differences in mortuary practices, diets and mobility patterns
(147,148). The cemetery burials provide a unique opportunity to study prehistoric population
genetics, in contrast to making inferences about prehistoric populations extrapolated from
modern DNA studies. This is because: 1) Lake Baikal lies directly on the west-east Paleolithic
human migration route from Europe to the New World, 2) There are an unusually large
number of well-preserved specimens from which DNA population specific polymorphisms can
be examined to determine population origins, genetic affiliations within and between
burials,and 3) Differences in burial practices (e.g. single and multiple graves, presence or
absence of ornaments, fish hooks) facilitate the use of DNA polymorphisms to make inferences

about social structure, family groupings and marriage patterns within each cemetery.
3.1. Significance of the project

The significance of the project lies in the utility of DNA analysis as an archaeological tool used in

conjunction with more traditional investigative methods (e.g. tools, burial practices, artifacts) in
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order to make inferences about the prehistoric population structure. In addition, the relatively
large number of well preserved skeletal remains at this location is unusual and strengthens any

statistical analysis of population genetics.
3.2. Aim of the project

The aim of this project was to trace the maternal and the paternal lineages of the EN and LN-
EBA populations by examination of mitochondrial DNA (mtDNA) and Y-chromosomal DNA
polymorphisms. The degree of genetic continuity and/or discontinuity between and within the
EN and LN-EBA cemeteries was established by DNA analysis and results interpreted within the
archaeological context of other BAP research findings (146-150). Previous researchers have
demonstrated that mtDNA and Y-chromosomal polymorphisms in archaeological and historic
post mortem specimens (22,75,151) can give information on population origin, migration
patterns, and the affinities between contemporary and prehistoric populations.

3.3. Ancient DNA

aDNA is DNA recovered from archaeological and historical post mortem material (7). While there
are many techniques available for amplifying and examining genetic markers (e.g. mtDNA and Y-
chromosomal DNA), their application to ancient degraded samples rather than modern samples
can be challenging. These techniques require modification to make them suitable for short
degraded sequences of aDNA.

aDNA, retrieved either from soft or hard tissues, is highly fragmented and degraded with
environmentally induced mutations (e.g. temperature, humidity, pH of the soil, radiation, and
microorganism activity) (152-154). It may also contain inhibitors to PCR. aDNA quality is marginal
and aDNA quantity is minimal. aDNA amplification protocols must be accurate and sensitive (155-
157). Avoidance of contamination with exogenous modern DNA is crucial and authenticity of the
results must be established through multiple analyses of the same sample (158). Limitations in
studying aDNA will be discussed in more detail throughout this thesis and specifically in Chapter

4, which illustrates the unique challenges in accurate analysis of aDNA from human remains.
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3.4. Previous aDNA research on Lake Baikal’s prehistoric populations

Previous researchers in the BAP project have examined mtDNA polymorphisms from skeletal
samples from EN and LN-EBA cemeteries, by both RFLP analysis and direct sequencing of the
HV1 region from bp 16191 to 16367, an area containing most of the Asian specific haplogroups
(6,23,159-163). Previous work suggests possible discontinuity between the EN and LN-EBA
populations, represented by the different mtDNA haplogroup distributions (6,159,160). mtDNA
analysis from the Lokomotiv, Shamanka Il (EN) and Ust’-Ida (LN-EBA) cemeteries indicated that
the mtDNA haplogroup distribution in Lokomotiv and Shamanka Il cemeteries is similar (159).
Both demonstrated a high frequency of haplogroups D and F and low frequency of haplogroups
A and C (6,162). However, there is a significant difference in mtDNA haplogroup distribution
between the Lokomotiv /Shamanka Il cemeteries and the Ust’-lda cemetery sample. Ust’-lIda
showed a high frequency of haplogroup A and C and low frequency of haplogroups D and F
(159,162). These findings are illustrated in the pie chart (Fig. 1.8).
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Figure 1.8. Pie charts illustrating the mtDNA haplogroup frequencies of the three Cis-Baikal
cemeteries (Lokomotiv and Shamanka Il (EN) and Ust’-Ida (LN-EBA)) (created from
(6,159,160,162)).
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3.5. Novel aDNA research on Lake Baikal’s prehistoric populations

My research focused on four main aspects:

1. A detailed review of the previous mtDNA haplogroup distribution within and between the
previously analyzed Cis-Baikal cemeteries (Lokomotiv, Shamanka Il, and Ust’-Ida) is outlined in
Chapter 2 of this thesis.

2. No previous mtDNA analysis had been undertaken on a second LN-EBA site, Kurma XI. DNA
analysis from Kurma XI burials has strengthened our understanding of the genetics of LN-EBA
populations, as Ust’-Ida was the only LN-EBA cemetery examined to date. More details about
the Kurma Xl cemetery are discussed in Chapter 2 of this thesis.

3. Examination of the paternal lineage through Y-chromosomal polymorphisms is a novel
approach for BAP and facilitated the assessment of the paternal continuities and/or
discontinuities within and between the EN and the LN-EBA groups, and complemented the
maternal data (Chapter 3). Based on the reliability, sensitivity and robustness of the SNaPshot
assay (121), we decided to determine Y-chromosomal haplogroup distribution of individuals
from Lokomotiv and Shamanka Il (EN), Ust’-Ida and Kurma XI (LN-EBA) cemeteries through the
analysis of Y-chromosomal SNPs. Modification of the published methods and the significance of
the results is discussed in more detail in Chapter 3.

4. Technical difficulties during sample preparation are addressed; DNA extraction, and PCR

amplification, and methods used for optimization in Chapter 4.
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1. Introduction

The Cis-Baikal region in Siberia, Russia (52°-58° north latitude, 101° —110° east latitude) is
characterized by numerous large mortuary complexes belonging to Middle Holocene foragers.
Extensive archaeological research of these sites suggests that the area was home to two
temporally distinct populations from Early Neolithic, EN (8000-6800 cal BP) to Late Neolithic-
Early Bronze Age, LN-EBA (5800-4000 cal BP). The EN group was separated from the LN-EBA
group by about a 1000 year gap (hiatus) during which large mortuary sites are entirely absent
(1). In addition to temporal changes, variation in lifeways is also visible between the area’s four
micro-regions: South Baikal, Angara River Basin, Lena River Basin and Little Sea (or OI’khon)
region along the Lake’s northwest coast (Figure 2.1: REGIONAL MAP). Research by the Baikal
Archaeology Project (BAP) over the last 15 years has endeavored to explain this unique culture
history through extensive multidisciplinary work, focusing on the synthesis of biological,
environmental, and archaeological data.

Ancient DNA (aDNA) analysis has provided a powerful new tool for archeological research. An
array of new techniques has greatly improved analytical sensitivity and has facilitated analysis
of the genetics of prehistoric human populations (2,3), while increasing knowledge of the
genetics of modern human populations that allowed researchers to compare prehistoric and
modern human populations (4,5). Rigorous attention to field excavation techniques, laboratory
design, and use of experimental conditions to maximize sensitivity and to avoid contamination
from extraneous DNA has increased the robustness and reliability of the analysis (2,3,6,7). More
specifically, analysis of mitochondrial DNA (mtDNA) in prehistoric human populations is
facilitated by its high copy number, high mutation rate and pattern of maternal inheritance
leading to the accumulation of population-specific polymorphisms referred to as haplogroups.
This allows the study of population origins and movement patterns through the female lineage
(8,9). Dependable methods for Y-chromosomal analysis were developed several years after
mtDNA analysis. The haploid Y-chromosomal non-recombinant region (NRY) loci, which
accounts for 95% of the Y-chromosome (10), is paternally inherited and reflects the male

lineage (11).
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Ancient DNA studies were first conducted in the Cis-Baikal by Russian scholars (e.g. (12,13)).
The Russian scholars studied mtDNA for 19 individuals found in the Ust’-Ida cemetery, and they
compared the mtDNA results to the modern populations of Siberia, Mongolia and the Urals.
They found that the Baikal Neolithic populations are ancestral to the modern contemporary
Siberian populations (12, 13). More recent analysis by BAP of mtDNA haplogroup distribution in
individuals from the various cemeteries (Lokomotiv, Shamanka Il and Ust’-lda) has suggested
that the EN population is genetically distinct from the LN-EBA groups (5,14-17). In addition, it
appears that at least some attributes of mortuary practices, such as spatial arrangement of
graves and body treatment, may be related to maternal kinship lineages (15). These genetic
data have also been used to evaluate large scale regional and temporal patterns of population
affinity across Siberia and Inner Asia (e.g. (16, 18)). However, all previous ancient DNA work in
this region has been limited to the analysis of mtDNA, which only provides insights into
maternal lineages, thus excluding paternal contributions. This focus on mtDNA is a limitation
because we know that female and male migration patterns can be quite different (19). In
addition, previous work has been geographically limited to cemeteries located in the South
Baikal and Angara River Basin, and all previous attempts to extract DNA from bones and teeth
from sites located on Baikal’s Little Sea (or OI’khon) micro-region along the northwest coast of
the Lake, have failed due to poor preservation of skeletal material (e.g. (20)). Therefore,
existing genetic data for the Cis-Baikal may not be representative in a spatial, temporal, or
cultural sense. This is especially the case for the post-hiatus material, since the entire LN-EBA
genetic dataset comes from only a single site (Ust’-lda), which contains both LN and EBA graves,
located in the Angara Valley, and it is rather doubtful that this cemetery is representative of the
contemporary human genetic landscape in the region. These biases prevent us from fully
investigating the extensive behavioral patterning identified from mortuary, biological and
geochemical data, or from evaluating the genetic relationships between these various groups
(21).

Significant recent technological advances in ancient DNA research now provide us the

opportunity to address some of the limitations with previous ancient DNA research in the Baikal



49

region by evaluating both maternal (mtDNA) and, for the first time in this region, paternal (Y-
chromosomal DNA) lineages of individuals.

In this study, ancient DNA from the prehistoric cemetery Kurma Xl, which contains both EN and
EBA graves, has been examined. Kurma Xl is located in the previously unrepresented Little Sea
micro-region. Therefore, these data will expand the existing ancient DNA evidence from the Cis-
Baikal both geographically and temporally.

2. Background

Since 1996, an international collaboration of researchers, BAP, has attempted to reconstruct
the lifeways of ancient foragers from the Lake Baikal region through the application of several
groups of research methods including archaeology, human osteology, bone chemistry, and
environmental studies (1). This work has demonstrated that the populations on either side of
the hiatus differed in terms of diet, health, mobility patterns, demography, spatial distribution,
social organization, and mortuary protocols. Genetic evidence from four sites has contributed
to this analysis: the EN cemetery Shamanka ll, located at the southwestern tip of Lake Baikal;
the EN cemetery Lokomotiv, located on the Angara river in what is now the city of Irkutsk, the
LN-EBA cemetery Ust’-Ida, also located on the Angara river, downstream of Lokomotiv, and LN-
EBA cemetery Khuzhir-Nuge XIV on the northwest coast of the Little Sea area of Lake Baikal and
15 km southwest of the Kurma XI cemetery (Fig. 2.1).

Human skeletal and dental remains from all four sites were examined initially by restriction
fragment length polymorphism (RFLP) and later, as new methods were developed, by direct
sequencing of the mtDNA hypervariable 1 region (HV1) from base pair (bp) 16191 to 16367,
which contains most of the Asian specific haplogroups (15-17,22). Human skeletal and dental
remains from Khuzhir-Nuge XIV were visibly poorly preserved and despite numerous attempts,
DNA extraction from 44 bone samples and 34 teeth samples was unsuccessful (20). However, a
recent attempt using modified aDNA techniques has identified mtDNA haplogroups in two
teeth samples belonging to one EBA individual (K14_1997.011) from the Khuzhir-Nuge XIV

cemetery (unpublished data).



50

| Acimuthal Equal-Area Projection

NN

Seaof

CENTRAL

7% SIRFRIAN
B
) T L
= s & )
1 PR /. -—_\\’%{_‘Kmmxmx‘ 2
Jirseuie o4 i L / =
e s c,:f) 2 e g — j?
Ebe s Wil = - L_ri‘(‘ i E
it i HENTAI B¢ 5
[ '"\?@? cancay S F o
i .. MONGOLIA - >
R . ;
I i Nt SN ek
' Ust-Ida | o
\
&
i Lokomotiv
e .
: SELE : J 2
L sh ka ll 5 s
Shamanka -
i
; ‘, i :

_Pulkovo 1942 \
ASTER GDEM is a product of M
£ i . il

il fan el
e ) Kilometers
o P AR

Figure. 2.1. Kurma Xl cemetery (circled) location on Lake Baikal (33).

Adapted with permission from [Point taken: An unusual case of incisor agenesis and mandibular
trauma in Early Bronze Age Siberia. A.R. Lieverse, |.V. Pratt, R.J. Schulting, D.M.L. Cooper, V..
Bazaliiskii, A.W. Weber. International Journal of Paleopathology. 6. Copyright © 2014 Elsevier]
(License number 3571161002487).
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However, successful mtDNA analysis in samples from the remaining three sites suggests
possible discontinuity between the EN and LN-EBA populations, as evidenced by the different
frequencies of mtDNA haplogroups (5,14,16). Previous DNA analysis of individuals from two EN
cemeteries (Lokomotiv and Shamanka 1) was successful in identifying six east Eurasian mtDNA
haplogroups (A, C, D, F, G2a, U5a) in 31 out of 40 skeletal remains from Lokomotiv and 21 out
of 28 samples from Shamanka Il (5,15,17). The mtDNA haplogroup distribution was similar in
the two burial sites with F and D accounting for 38.5% (n=20/52) and 27% (n=14/52) of
haplogroups at Lokomotiv and Shamanka I, respectively. Using principal component (PC)
analysis, Mooder et al. (2010) demonstrated that the EN population at Lokomotiv, because of
the high prevalence of mtDNA haplogroups F and D, did not cluster with Sojots, Buryats and
Tuvinians who currently occupy the broader region (5). In contrast, mtDNA analysis from 39
out of 42 individuals (29 LN and 10 EBA) from the LN-EBA cemetery, Ust’-lda, demonstrated the
same six haplogroups but with significantly different frequencies relative to the Lokomotiv
(p=0.001; (16)) and Shamanka Il haplogroups (p=0.008). Haplogroups A and C accounted for
54% (21/39) of mtDNA haplogroups at Ust’-Ida, and PC analysis demonstrated affinities with
modern Siberians (Buryats and Yakuts) living close to Cis-Baikal (5,14).

Because of methodological restraints, all previous ancient DNA work on the cemeteries
discussed has been limited to mtDNA analysis, which provides insights into maternal lineages
but excludes paternal contributions. In addition, as noted, all of the cemeteries are located in
the south Baikal (Shamanka Il) or Angara (Lokomotiv and Ust’-lda) micro-regions, and only one
of these cemeteries comes from the post-hiatus period. Thus, the ancient DNA data currently
available may not be representative of the genetic background of all hunter—gatherer groups
living in the entire Cis-Baikal and during all relevant archaeological periods. Furthermore, the
number of individuals from whom ancient DNA has been examined are only a small proportion
of individuals interred in graves (29). Samples have been selected based on quantity of sample,
availability to the researcher, and degree of preservation. Ancient DNA results have been
obtained from only 16% (n=31/194) of the individuals buried in Lokomotiv, 11.3% (n=21/186) of
individuals buried in Shamanka Il, 22.8 % (n=29/127) of LN individuals buried in Ust’lda, and 5%

of EBA individuals buried in Ust’-lIda (29). To address this problem of under-representation,
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both mtDNA and Y-chromosomal haplogroup analysis were performed from individuals at the
Kurma Xl cemetery, which is located in the previously unrepresented Little Sea micro-region
and contains individuals from both EN and EBA periods. Before selecting individuals for Y-
chromosomal analysis, molecular sexing analysis was undertaken to make sure that males from
the Kurma Xl sample were selected for examination (Chapter 3). In addition, to expand the
dataset of samples from the region, mtDNA from a further six EN Shamanka Il individuals was
analyzed, and four EN Shamanka Il individuals, previously studied (17), were re-analyzed. This
re-analysis is discussed in more detail in Chapter 4. All the mtDNA results from the EBA Kurma
Xl and the additional results from EN Shamanka Il were compared statistically with the data
previously obtained from the EN cemetery (Lokomotiv) and the LN-EBA cemetery Ust’-Ida to
examine the effect of the new data on the maternal discontinuity concept between EN and LN-

EBA prehistoric populations of Cis-Baikal.
2.1. The Kurma Xl cemetery

Kurma Xl is located on the northwest coast of Lake Baikal’s Little Sea (Russian: Maloe mor’e).
The 26 graves within the cemetery are distributed along the southeastern slope of a small hill
approximately 500m from the lake’s shoreline. Eighteen graves, all EBA, were arranged in a
roughly linear ~200m long distribution along the base of the hill (6-16m above the lake), while
eight graves (6 EN and 2 EBA) were arranged on small terraces approximately 18-32m above
the lake. These two main clusters largely, although not entirely, correspond to the two different
periods of cemetery use: EN and EBA.

Based on both typological and radiocarbon information, it seems that EN foragers first interred
their dead at Kurma XI between ~6500-5800 cal BP?, and that these initial six graves were built
exclusively on the upper terraces (graves No. 20-24, 27). Owing to the small number of burials,
the poor preservation of skeletal material, and the paucity of grave inclusions, relatively little
can be said about the six graves that comprise the EN component at Kurma Xl except that they
appear to resemble contemporaneous graves from the Little Sea micro-region, more than those

from the Upper Lena, and much more than those in Angara valley or on South Baikal (23).

1 Recent examination of the radiocarbon evidence from this and other middle Holocene cemeteries in Cis-Baikal
shows that these graves may be significantly older than previously believed and belong to the Late Mesolithic
period (about 8300-7500 cal BP) rather than the EN (54).
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Following a gap of at least ~2800 years in mortuary use of the Kurma Xl cemetery, EBA foragers
arrived at the site at ~4430 BP, and began to inter their dead (24). Two of the individuals
examined for their ancient DNA (EBA KUR_2003.025, EBA KUR_2003.026) were interred on the
upper terraces alongside the EN burials. Analysis of the 1C dates at Kurma Xl reveals that the
site had two episodes of EBA use (24). The first phase (EBA-1), starting ~4770-4730 cal BP and
ending ~ 4750-4690 cal BP, is characterized by considerable diversity —including both males
and females ranging from older adolescents (17—19 years) to old adults (50+ years) who
received a range of different burial protocols in all areas of the cemetery (e.g., two different
body positions, single and double burials, some covered in ochre, diverse grave disturbance
patterns, unique artifact inclusions, and variation in number and diversity of grave inclusions).
During the second phase (EBA-2), starting at ~4560-4470 cal BP and ending ~4490-4400 cal BP,
in contrast, there seems to be more homogeneity. This latter group of burials is dominated by
males, all interred in single graves in extended-supine position in the southwest portion of the
site, with no evidence of the use of ochre (with the exception of Burial No. 19 (KUR_2003.019),
unusual also for its sitting body position and spatial location at the eastern end of the site).
Artifact assemblages are generally larger than those from the EBA-1, and a number of artifact
types are exclusive to this phase. What this shift to increasingly standardized and formalized
burials with a narrower demographic profile indicates is, at present, unclear, and will likely
require more extensive understanding of the broader cultural context of the EBA, including
comparison with other, neighboring sites. On the basis of the more restricted demographic (no
children) and large artifact assemblages with rare goods, McKenzie (2011) has suggested that
Kurma Xl might have acted as a ‘specialized’ or exclusive burial ground in comparison to other
Little Sea sites such as the neighboring Khuzhir-Nuge XIV, which seem to have more of a
‘community’ representation (25). A ‘community’ cemetery is a cemetery where a broader
proportion of the community is entitled to be buried in it, and this is represented in the variety
of mortuary treatment and the diversity of demographic profile (25).

As a part of the archaeological research, estimation of carbon (8'3C) and nitrogen (6%°N) stable
isotope signatures in human bone is considered the most direct and reliable method to

determine diet and subsistence strategies of prehistoric populations (26). In BAP, the values of
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813C and 8N isotopes from the individuals’ osteological remains were compared to §'3C and
8%5N isotopes’ ratios of local fauna and flora in different Cis-Baikal micro-regions to create a
thorough descriptive reconstruction of prehistoric populations’ diet and subsistence practices
since the EN period to the LN-EBA period (27-29). The Little Sea hunter-gatherer ancient
populations, during the EBA period, appear to have a heterogeneous source of diet (24,30,31).
There are “... two different diets drawing on different food groups and perhaps on two different
ecosystems” (32). The Kurma Xl population was divided into two groups of diet; game-fish-seal
(GFS) and game-fish (GF) according to the 8'3C and 6'°N stable isotope signatures obtained
(Table 2.1) (32).

As noted above, no ancient DNA data exist from Kurma XI, Khuzhir-Nuge XIV, or any other site
in the Little Sea region. DNA analysis from Kurma XI| would strengthen the previously published
genetic evidence from the other regions and contribute to a better understanding of the
genetic background from the Cis-Baikal as a whole, and specifically from the EBA population.
New mtDNA data would allow comparison with the contemporary EBA data from the Angara

valley.
3. Material and Methods

3.1. Contamination control

Contamination by modern DNA is one of the most difficult challenges that face researchers
extracting aDNA from prehistoric specimens. aDNA is highly degraded, and the current
extremely sensitive PCR techniques preferentially amplify intact contaminant modern DNA (34).
Rigorous excavation and laboratory protocols were essential to detect and eliminate
contamination sources. Published criteria for verifying authenticity of aDNA results have been
established through multiple analyses of the same sample and were followed for all laboratory
procedures in this study (6).

A laboratory at the University of Alberta was dedicated to aDNA analysis and was used to
process, extract and amplify aDNA specimens. Researchers dressed in protective suits, booties,
sterile sleeves, masks and goggles before entering the laboratory. All equipment and reagents
were decontaminated either by bleaching, UV irradiation and/or autoclaving before entering

the laboratory depending on the suitability of the material. All equipment and bench surfaces
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were cleaned with a 10% (v/v) bleach solution. Sterile filtered tips were used for each analysis.
Negative controls (reagents with no added DNA) were introduced during key extraction and
PCR amplification steps. Positive modern DNA controls were analyzed only in the dedicated

Post-PCR laboratory.
3.2. Samples

Vertebral bone or tooth samples were available from 4 EN and 13 EBA Kurma Xl individuals for
aDNA analyses (Table 2.1). Vertebral bones were selected in our study for two main reasons.
Firstly, vertebrae contain a high proportion of spongy bone tissues, which have a higher DNA
yield compared with other types of bone tissue (35). Secondly, because multiple vertebrae are
available from one individual, destruction of tissue for DNA extraction and analysis is seen as
more justifiable. Teeth are a preferred source of DNA relative to bones. Teeth are embedded
within bone, where they are largely protected from environmental factors that might
accelerate the DNA decomposition process (36), and their composition makes them less prone
to contamination with extraneous DNA (37). Moreover, the enamel, an acellular tissue covering
the tooth crown and considered to be the hardest tissue in the human body (38), protects the
tooth pulp, a cellular tooth tissue that is the richest source of DNA in teeth (39). Molars were
the preferred tooth samples because they have more than one root available per tooth for DNA
extraction. Multi-rooted teeth provide more DNA than single rooted teeth (40) due to the
larger amount of pulp in them (41). There were 30 tooth samples and five vertebral bone
samples available for aDNA analysis from the Kurma XI cemetery. Three Kurma Xl individuals
had both bone and tooth samples available for aDNA analysis (KUR_2002.013, KUR_2002.014
and KUR_2002.015), and the rest of the Kurma Xl individuals had more than one tooth sample
available for analysis.

The 6 newly examined Shamanka Il individuals had vertebral bone samples available for analysis

(Table 2.2).



Table 2.1. Summary of archaeological, osteological and demographic data for Kurma XI
individuals’ (42) used in ancient DNA analyses.
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No. Master ID Sample Age Morphological Burial | Period sector | Diet
Sex Type of Use
1 KUR_2002.001 Tooth 25-30 Male Single EBA-2 SW GF
2 KUR_2002.007.01 Vertebra 20+ Undetermined Double | EBA-1 SW GFS
3 KUR_2002.007.02 Vertebral 20-29 Male Double | EBA-1 SW GFS
4 KUR_2002.010 Tooth 18-25 Probable Male Single EBA-2 SW GFS
5 KUR_2002.012 Tooth 20+ Undetermined Single EBA-2 SW GF
6 KUR_2002.013 Tooth 40+ Male Single | EBA-2 SW GFS
/ KUR_2002.014 ngtehbf; 30-39 Female Single | EBA-1 NE GFS
8 KUR_2002.015 Vertebra 17-18 Probable Male Single EBA-1 NE GF
9 KUR_2002.016 Vertebra 20-30 Probable Female Single EBA-1 NE GFS
10 KUR_2003.017 Tooth 20+ Probable Male Single | EBA-1 NE GFS
1 KUR_2003.018 Tooth 17-19 Probable Female Single EBA-1 NE GFS
12 KUR_2003.019 Tooth 20-30 Probable Male Single EBA-2 NE GF
13 KUR_2003.021 Tooth 20-35 | Probable Female | Single EN N m.d.
14 KUR_2003.022 Tooth 50+ Probable Female | Single EN N GF
15 KUR_2003.024 Tooth 20-35 | Probable Female | Single EN N GFS
16 KUR_2003.026 Tooth 35-50 Probable Male Single | EBA-1 N GFS
17 KUR_2003.027 Tooth 20-35 Undetermined Single EN N m.d.

e EBA = Early Bronze Age, EN = Early Neolithic
e EBA-1=Early Bronze Age Phase 1, EBA-2 = Early Bronze Age Phase 2, EN = Early

Neolithic

e SW = Southwest sector, NE = Northeast sector, N = North sector

e GFS = game-fish-seal diet, GF = game-fish diet
e m.d. = missing data



Table 2.2. The six newly analyzed Shamanka Il samples with the individuals’ age and
morphological sex (42).

No Master ID Sample Age Morphological Sex Period
1 | SHA 2004.052.01 Vertebra 20-24 Probable Male EN
2 | SHA 2004.044.02 Vertebra 20+ Undetermined EN
3 | SHA_2005.059.01 Vertebra 35-39 Male EN
4 | SHA 2006.083.01 Vertebra 20-22 Male EN
5 SHA_2007.090 Vertebra 18-20 Male EN
6 | SHA_2007.096.02 Vertebra 30-35 Female EN

57
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3.2.1. Sample preparation and decontamination

Decontamination protocols for the vertebral and tooth samples differed slightly. A sterile saw
was used to cut the processes away from the body of the vertebra, and the root from the tooth
crown, preserving the crown for other types of analysis. The outer surface of the vertebra was
removed using a sterile scalpel. The vertebra was immersed in 16.7% (v/v) bleach for five
minutes, and the root was immersed in 50% (v/v) bleach for 10 minutes to destroy any
contaminating surface DNA, then samples were rinsed in HPLC grade water. The sample surface
was exposed to UV light for one hour to destroy any remaining surface DNA and then left to dry
in a sterile container for three days. The bleach concentration was optimized according to
published protocols (43). The samples were frozen in liquid nitrogen while in the sterile
containers, and then pulverized using sterile mortar and pestle. The bone or tooth powder was
collected with a sterile spatula and stored in a sterile container at -20 degrees C until further

analysis.
3.2.2. DNA Extraction from bones and teeth

The silica-guanidium thiocyanate extraction protocol was adapted from a previously published
method (2), with some minor modifications. For reagent preparation, the extraction buffer was
filtered using a sterile PVDF filter (0.22 uM, Millex- GV, Billerica, MA, USA). The extraction, the
binding (before adding the guanidium thiocyanate), and the washing buffers (before adding the
ethanol), were autoclaved for 20 minutes at 121 degrees C. All centrifugation times were
doubled from the published method to assure a good separation between the precipitate and
the supernatant. The last elution step was repeated twice to avoid transferring a large amount
of silica, which can inhibit PCR amplification.

3.3. Mitochondrial DNA haplogroup analysis

mtDNA was amplified as previously described by Mooder et al. 2005 (15) with slight
modifications. The PCR amplified the HV1 region of the mtDNA (bp 16191 to 16367), where
most Asian specific polymorphisms were found (18,44). L16211 and H16346 primers (15) were
designed to amplify a 176 bp sequence of mtDNA in a 40-cycle PCR amplification reaction. PCR
amplification was performed using Eppendorf AG Thermocycler (Hamburg, Germany). Each

25ul PCR consisted of 1X PCR buffer (Invitrogen, NY, USA), 1.5 mM MgCl; (Invitrogen, NY, USA),
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0.2 mM of each dNTP (Invitrogen, NY, USA), 0.4 mg/ml BSA (Roche, IN, USA), 1.0 uM of each
primer (Invitrogen, NY, USA), and 1.25 U of Platinum Tag DNA Polymerase (Invitrogen, NY,
USA). The amplification cycle started with a denaturing step at 95 degrees C for 2 minutes, and
40 cycles of 95 degrees C for 1 minute, 56 degrees C annealing temperature for 1 minute and
72 degrees C for 1 minute. For PCR clean-up, the ExoSAP-IT Clean-up Kit (GE Healthcare, Life
Sciences, NY, USA) was used at The Applied Genomic Core (TAGC, University of Alberta). Then,
sequencing was performed using the BigDye® Terminator Kit v3.1 (Life Technologies, NY, USA)
at TAGC (University of Alberta) with the same PCR amplification primers (16). For post-reaction
clean-up of unincorporated dyes, nucleotides and the primers, the magnetic beads Agencourt
CleanSEQ (Beckman Coulter, California, USA) was used on an automated Biomek 3000 work
station (TAGC). Samples were loaded on a 3130x| Genetic Analyzer (Life Technologies, NY, USA)
and analyzed using Sequence Scanner v1.0 (Applied Biosystems, NY, USA). Sequence data were
compared with the Cambridge reference sequence (GenBank number: NC_012920) (45,46), and
base substitutions in the HV1 region were used to assign mtDNA haplogroups.

3.4. Molecular Sex Determination

Molecular sex determination was done as part of the Y-chromosome analysis. The sex of the
Kurma Xl samples was assigned by amelogenin analysis. Amelogenin, a gene involved in the
formation of dental enamel, is found on both X and Y chromosomes (47). PCR primers for a
region of intron 1 in the amelogenin gene gave a 106 bp product for females and 106/112 bp
product for males (48). The PCR amplification was performed as stated above for mtDNA but
with a modification of the annealing temperature to 62 degrees C. The amelogenin PCR
amplification product was visualized via the Gel Doc™ EZ System (Bio-Rad, Ontario, Canada)
after gel-electrophoresis on 12% polyacrylamide gel and ethidium bromide (10 mg/ml) staining.
3.5. Y-Chromosome Single Nucleotide Polymorphisms (SNPs) analysis

Specific Y-chromosomal SNPs representative of East Asian and Siberian paternal lineages were
selected for this study. Y-chromosomal SNPs were analyzed through the SNaPshot Multiplex kit
(Life Technologies, NY, USA) via the ABI PRISM 3130x| Genetic Analyzer (Life Technologies, NY,
USA) using POP-4° (life Technologies, NY, USA). The method was optimized for aDNA (Moussa

et al., 2015) by adaptation of a published protocol (49). The 13 SNP markers were examined via
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two multiplex PCR amplification reactions. The modified PCR amplification was performed using
an Eppendorf AG Thermocycler (Hamburg, Germany). Each 25ul PCR consisted of 1X PCR buffer
(Invitrogen, NY, USA), 4.0 mM MgCl; (Invitrogen, NY, USA), 400 uM of each dNTP (Invitrogen,
NY, USA), 1.0 mg/ml BSA (Roche, IN, USA), 2.0 U of Platinum Tag DNA Polymerase (Invitrogen,
NY, USA), and the two multiplex primers’ mixtures (Invitrogen, NY, USA) (49). The ExoSAP-IT
PCR clean-up kit (GE Healthcare, Life Sciences, NY, USA) was selected for PCR clean-up. The
SNaPshot results were analyzed on GeneMapper 4.0 software (Life Technologies, NY, USA). Y-
chromosomal haplogroups were assigned according to the updated human Y-chromosomal
haplogroup tree (50).

3.6. Y-chromosomal Q sub-haplogroup analysis

Haplogroup Q is identified by the M242 mutation (50) and is widely distributed among different
groups in Siberia (51). While there are several sub-haplogroups of haplogroup Q, only three
sub-haplogroups are represented in the Siberian population (Qla*-MEH2, Q1a2-M25, Qla3-
M346) (52). Primers suitable for amplifying the SNP sites were designed (Chapter 3) using
Primer3Plus software (53) (Table 2.3). Amplicon size was less than 155 bp to match the criteria
used with the SNaPshot multiplex PCR reaction. PCR amplification was prepared and performed
as stated above for mtDNA with only a modification of the annealing temperature to 58

degrees C.
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Table 2.3. Primers designed to amplify sub-haplogroups of Q-M242.

SNP Markers PCR primer sequence (5'->3') Amplicon Annealing
(Sub-haplogroups) Forward Reverse size (bp) | Temperature
MEH2 (Q]_a*) CAAATTTTGAGTAAGCCATCACC TGGAAACACAACTGTTTGAAAAT 150 58°C
M25 (Q1a2) CACCCAGAGACACACAAAACA TGTTGTAAGAATTCAGTAGGATTGATG 107 58°C
M346 (Q]_a3) TTTGTCTCTGAGCTGACAAGGA TCCACTCACTCTGCCTACCTG 125 58°C

3.7. Evaluation of Authenticity

Avoidance of contamination with exogenous modern DNA is crucial, and authenticity of results
was established through several criteria. First, each sample was subjected to multiple analyses
(6). In this paper results were reported only if they were reproducible either by extracting DNA
twice from the same sample (n= 8) or from two different samples belonging to the same
individual at two independent occasions (n= 6). Samples that did not show consistent results
(n=1) or from which no DNA was obtained (n= 2) were excluded from the further analysis.
Because only the East Siberian population were studied and their mtDNA (18,44) and Y-
chromosomal haplogroups (50) any result apparently indicating a non-Asian haplogroup would
have been excluded, although there were no samples in this category. Fortuitously, during this
study, only females were working in the ancient DNA laboratory thus minimizing the risk of
contamination by male DNA. All students or researchers working with the samples gave
consent to have their mtDNA haplogroups assigned to facilitate early detection of
contamination

3.8. Statistical analysis

Only EBA Kurma Xl individuals (n=12) were included in the statistical analysis. The other two
individuals were older than previously believed and belong to the Late Mesolithic period (about
8300-7500 cal BP) and were not be-combined with the EBA individuals (54). The newly
obtained mtDNA haplogroups from the EN Shamanka Il individuals (n=6) and the re-analyzed
EN Shamanka Il individuals (n=4) were included in the statistical analysis.

The mtDNA haplogroup distributions from the four prehistoric cemeteries (EBA Kurma XI, LN

Ust’-Ida and EBA Ust’-Ida, EN Lokomotiv and EN Shamanka Il) were compared to each other



62

using Fisher’s exact test with a two-by-two contingency table. The table extended to the size
described by the number of populations and the number of haplogroups examined in the study.
Fisher’s exact test is analogous to two-way contingency chi-square test, but is always chosen
when dealing with a small sample size as in this study. The two-way contingency chi-square test
requires that any given cell have a minimum frequency of five (55), which was not obtainable in
this study for some haplogroups.

Fisher’s exact test was performed to estimate the genetic relationship, similarity or difference,
between the four Cis-Baikal prehistoric populations separately. In addition, the relationship in
genetic diversity between the Cis-Baikal prehistoric populations in the three different periods
(EN, LN and EBA) was estimated in relation with the modern Siberian populations living in or
around Lake Baikal region. Therefore, the LN-EBA cemetery sample from Ust’-lda was divided
into two groups, LN Ust’-Ida individuals (n=29) and the EBA Ust’-Ida individuals (n=10). Fisher’s
exact test was re-evaluated after obtaining the results from the newly analyzed EBA Kurma Xl
and EN Shamanka Il individuals to assess thier effect on the estimation of genetic discontinuity
between EN and LN-EBA populations and to compare it to Mooder’s et al. (2006 & 2010) results
(5,16). Fisher’s exact test was performed using the SAS/STAT’® software.

Biological distances were predicted from mtDNA haplogroup frequencies between modern and
prehistoric (EN, LN and EBA) Siberian populations using Nei’s pairwise Gsr estimate (56). To
calculate pairwise Gsr estimate, it is essential to have a large sample size (n>20) to produce a
reliable estimate of differentiation (57-60) and to reduce the bias created by a small sample size
(61). The small sample sizes at both EBA Kurma XI (n=12) and EBA Ust’-lda (n=10) prevented us
from comparing these two populations’ genetic differentiation independently to the indigenous
Siberian population without pooling their data together. However, EN Lokomotiv (n=31) and EN
Shamanka Il (n=27) were compared both independently, because the sample sizes allowed, and
with pooling the EN Lokomotiv with the EN Shamanka Il dataset to estimate the genetic
relationship between the prehistoric EN populations of Cis-Baikal and the modern Siberian
populations. The LN Ust’-Ida (n=29) was compared separately to the modern Siberian

population because it is the only dataset representing Cis-Baikal’s prehistoric population during
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the LN period. According to Nei (1973) “Gsr is equivalent to Wright’s Fsr, and is often referred
to as the coefficient of gene differentiation” (56):
Gsr= Dst/Ht

Hr=2x (1 - x)

and Dsr= 26%
where x is the mean of the frequency of an allele among subpopulations, and c?is the variance
of the frequency of an allele in subpopulations. mtDNA haplogroup frequencies of several
indigenous Siberian populations and two prehistoric populations (Fig. 2.2) were incorporated
for comparative analysis with Lake Baikal’s prehistoric populations (Table 2.4). Pairwise Gsr
estimate was calculated using the SAS/STAT® software, and results from pairwise Gsr estimate

were plotted on a two-dimensional PC plot using SAS PROC PRINCOMP software.
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Figure 2. 2. A map representmg the geographlc dlstrlbutlon of modern and prehistoric Siberian
populations used for comparative analysis in this study. KRK= Koryak, ITL=Itel’'men, YKT=Yakut,
BUR=Buryat, EVK=Evenkis, KET=Kets, TOF=Tofalar, TDJ=Todjins, TUV=Tuvanians, ALT=Altaians,
EYG=Egyin-Gol, KRG=Kurgan, LOK=Lokomotiv, SHA=Shamanka Il, KUR=Kurma XI, UID=Ust’Ida.

Adapted with permission from [Population affinities of Neolithic Siberians: A snapshot from
prehistoric Lake Baikal. K.P. Mooder,T.G. Schurr,F.J. Bamforth,V.l. Bazaliiski,N.A. Savel\'ev.

American Journal of Physical Anthropology. Copyright © 2005 John Wiley and Sons] (License
number 3581560282120).
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Table 2.4. Mitochondrial DNA haplogroup frequencies (%) of prehistoric and modern Siberian
populations.

| n A C D F G2a | U5a | Z | Others | References
Prehistoric groups
Lokomotiv (EN) 31 129 | 3.2 [ 226 | 48.4 | 3.2 6.4 0 3.2 (15)
Shamanka Il (EN) 27 185|185 | 40.7 | 111 | 7.4 3.7 0 0 (17) &This study
Ust’-Ida (LN) 29 2411138 | 69 | 103 | 13.8 | 3.4 0 27.6 (16)
Lokomotiv (EN)/ | oo | 15 1 103 | 31 | 31 | 52 | 52| 0| 17 ) s

Shamanka Il (EN) study

Kurma XI (EBA)/

. . . . 9.1 0 This study/ (16
Ust'-Ida (EBA) 22 18.2 | 31.8 | 27.3 | 13.6 0 0 is study/ (16)

Egyin-Gol 46 173 | 13 | 413 | 8.6 2.1 | 43 0 13 (99)
Kurgan 26 0 7.6 0 38 [ 3.8 | 76 |38 73 (64)
Modern groups
Tofalars 58 5.1 62 0 0 1.7 0 0 31 (83)
Altaians 110 0 19 [ 154 | 8.1 09 (163 ]| O 40 (83)

Tuvinians 90 1.1 | 47.7 | 17.7 | 2.2 2.2 3.3 0 255 (83)
Todjins 48 41 | 479 | 4.1 2 0 6.2 0 354 (83)
Buryats 91 2.1 | 28,5 | 32.9 1 14.2 1 0 19.7 (83)
Evenks 79 3.7 | 48.1| 265 | 1.2 2.5 0 17.7 (83)
Yakuts 62 0 419 [ 274 | 1.6 1.6 0 0 274 (83)

Kets 38 7.8 | 157 | 2.6 | 23.6 0 52 |26 42.1 (73)

Koryaks 155 51 | 36.1 | 1.2 0 41.9 0 5.8 9.6 (18)

Itel'men 47 6.3 | 14.8 0 0 68 0 6.3 4.2 (18)
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4, Results

mtDNA results were obtained from 14 out of 17 individuals (12 EBA individuals and 2 EN
individuals) from Kurma XI (82% success rate; Table 2.5). Four mtDNA haplogoups (A, D, F, Z)
were assigned to 14 individuals. Six individuals belong to haplogroup D (base substitutions at
16223 ‘C>T’), five belong to haplogroup F (base substitutions at 16232 ‘C>A’, 16249 ‘T>C’, 16304
‘T>C’,and 16311 ‘T>C’), two belong to haplogroup Z (base substitutions at 16223 ‘C>T’ and 16260
‘C>T’), and one belongs to haplogroup A (base substitutions at 16223 ‘C>T’, 16290 ‘C>T’, and
16319 ‘G>A’). One haplogroup D individual additionally carries a 16224 ‘C>T’ transition, which
has not been found previously to be associated with haplogroup D in the prehistoric population
of Cis-Baikal. Results are summarized in Table 2.5.

All mtDNA results from Shamanka Il are summarized in Appendix 2.1. Of the four re-analyzed
samples, one belongs to haplogroup A (base substitutions at 16223 ‘C>T’, 16290 ‘C>T’, and
16319 ‘G>A’), two belong to haplogroup D (base substitution at 16223 ‘C>T’), and one belongs
to haplogroup G2a (base substitutions at 16223 ‘C>T’, 16227 ‘A>G’, and 16278 ‘C>T’). Of the six
newly analyzed Shamanka Il samples, two belong to haplogroup D (same base substitution as
stated above), three belong to haplogroup C (base substitutions at 16223 ‘C>T’, 16298 ‘T>C’ and
16327 ‘C>T’) and one belongs to haplogroup A (same base substitutions as stated above).
Molecular sex using amelogenin analysis in 11 Kurma Xl individuals identified six males and five
females. In nine individuals molecular sex was concordant with the morphological sex. For one
individual (KUR_2003.018), molecular sex assignment was a male discordant with
morphological sex, which identified the individual as a probable female. One individual
(KUR_2002.007.01) with undetermined morphological sex, and interred in the only double
grave in Kurma XIl, was female through molecular sexing (Table 2.5). In cases where discordance
was found between molecular and morphological sexing, we relied on the molecular sex for
further Y-chromosomal haplogroup analysis. For the three individuals (KUR_2002.010,
KUR_2002.013 and KUR_2003.026), where molecular sex assignment was not successful,
morphological sex assignment (probably male or male) was assumed to be correct in selecting

samples for Y-chromosomal analysis.
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Y-chromosomal haplogroup analysis was successful in five males. Two males were assigned to
haplogroup Q-M242 through SNaPshot analysis. Further testing of the Q-M242 sub-
haplogroups was not possible because of inadequate sample quantity. Three males were
assigned to sub-haplogroup Q1a3-M346 by SNaPshot and sub-haplogroup analyses. Q-M242
and/or its sub-haplogroup Qla3-M346 were the only haplogroups represented in the males of
Kurma XI. Figure 2.3 illustrates the spatial distribution of mtDNA and Y-chromosomal DNA

haplogroups plus the molecular sex assignment across the Kurma XI cemetery site map.
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Table 2.5. Summary of the mtDNA haplogroups and their base substitutions, Y-chromosomal
haplogroups and molecular sex assignment for Kurma Xl individuals.

mtDNA H.Vl Molecular | Morphological Y-Chr
No Master ID Haplogrou Variants Sex Sex Haplogrou
PIOBTOUP | 116000 plogTotp
1 KUR_2002.001 D 223 319 XY Male m.d.
2 KUR_2002.007.01 D 223 XX Undetermined
3 KUR_2002.007.02 D 223 319 XY Male Q1la3
4 KUR_2002.010 VA 223 260 m.d. Probable Male Qla3
5 KUR_2002.012 m.d. m.d. m.d. Undetermined m.d.
6 KUR_2002.013 A 223312990 m.d. Male m.d.
232A 249
7 KUR_2002.014 F 304 311 XX Female
8 KUR_2002.015 YA 223 260 XY Probable Male Qila3
232A 249 Probable
9 KUR_2002.016 F 304 311 XX Femnale
10 KUR_2003.017 D 223 XY Probable Male
11 KUR_2003.018 D 223224 XY Probable
Female
232A 249
12 KUR_2003.019 F 304 311 XY Probable Male m.d.
13 KUR_2003.021 m.d NA m.d. Probable m.d.
- Female
232A 249 Probable
14 KUR_2003.022 F 304 311 XX Female
232A 249 Probable
15 KUR_2003.024 F 304 311 XX Female
16 KUR_2003.026 D 223 m.d. Probable Male m.d.
17 KUR_2003.027 Inconsistent m.d. m.d. | Undetermined m.d.
Results

m.d. = Missing data, no data obtained from the marked individuals
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Kurma XI Site Map
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Figure 2.3. Distribution of graves in Kurma XI cemetery and its different sectors with mtDNA
(red) and Y-chromosomal (blue) haplogroups assigned to the individuals with their molecular
sex (black).
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5. Discussion

This is the first study providing genetic data from the Kurma Xl cemetery. It gives information
on the genetic background of the EN/EBA cemetery in the Little Sea micro-region in Lake Baikal
and a comparison with mtDNA analysis from previously studied cemeteries in the Cis-Baikal

with the newly and re-analyzed samples from Shamanka Il.
5.1. A closer look at mtDNA haplogroup distribution at Kurma Xl samples

In addition to the comparisons described above, two EBA individuals from Kurma XI belong to
haplogroup Z, the first time this haplogroup has been identified in the Cis-Baikal prehistoric
population. Haplogroup Z is a subcluster from the macro-haplogroup M (62). Its sister clade,
haplogroup C, has higher frequency and diversity in eastern Eurasian populations (63).
Haplogroup C is present in the Cis-Baikal prehistoric populations as described above (16,17).
Both haplogroups C and Z are represented in the ancient south Siberian Kurgan people (Bronze
Age), with frequencies at 7.6 % (n=2/26) and 3.8 % (n=1/26), respectively (64). Haplogroup Z is
considered to be one of the dominant haplogroups in the northern East Asian populations (65).
Haplogroup Z is widely distributed throughout the northern Lake Baikal region.

In modern populations, haplogroup Z is found in northeast Asia (Itel’'mens, 6.3%, n=3/47) and
(Koryaks, 5.8%, n=9/155) (18), but is also present in south Siberian populations, for example,
the Altai-Sayan population (range between 1.1 to 6.5%) (66). It is widespread among numerous
Finnic- and Turkic-speaking people in the Volga-Ural region (e.g. Udmurts, 5%, n=5/101, Maris,
2.9%, n=4/136, and Komis, 1.6%, n=1/62) (67,68) Haplogroup Z also appears in other Siberian
populations: the Evens, Yukaghirs and Dolgans and in the Northern Yakuts and Evenks (69). The
age of sub-haplogroup Z1a, about 9,400 years, would imply its existence in the northern
Siberian region predating the Neolithic era (69). Haplogroup Z is also present in the European
population (e.g. Scandinavian-Saami, 1.3%, n=6/445), which might be due to its recent
expansion (70). With respect to the only double grave in Kurma Xl, both individuals (one was
identified as a XY (KUR_2002.007.02, age 20-29) and one as a XX (KUR_2002.007.01, 20+)
through molecular sex) belong to haplogroup D. However, they are not related through the
maternal lineage because each individual has different SNP markers identifying haplogroup D

(Table 2.5). Both individuals in the double grave had the same diet GFS (game-fish-seal) (32).
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Neither of the two individuals had undergone any specific burial treatments such as staining
with ochre or burning. However, a greater number of artifacts was associated with the male
burial (KUR_2002.007.02) (e.g. different shapes of arrowheads, a leaf-shaped bifacial knife, a
copper/bronze knife) (71). These two individuals might have been a husband and wife, but we
do not have evidence to prove that.

Two EN individuals from Kurma XI, (KUR_2003.022 and KUR_2003.024) were both found to
belong to mtDNA haplogroup F. These two EN individuals were assigned XX (female) through
molecular sexing. Haplogroup F is found also in EBA Kurma XI (25%, n=3/12), and the other Cis-
Baikal cemeteries, LN Ust’-Ida (10.3%, n=3/29), Lokomotiv (48.4%, n=15/31) and Shamanka Il
(11.1%, n=3/27), but was absent in EBA Ust’-Ida.

5.2. mtDNA results from Cis-Baikal and comparison with modern Siberian

populations

Table 2.6 illustrates the matrix of genetic distance between the modern and prehistoric Siberian
populations using pairwise Gsr estimate, and Figure 2.4 represents the PC plot generated by the
results from Gsr genetic distances of Table 2.6. The first two components from the PC plot
explain 22.12% of the total variance appearing from the Gsr estimates of the mtDNA
haplogroup frequency distribution in modern and prehistoric Siberian populations. From the PC
plot we can deduce several useful points. Firstly, the PC plot shows that Tuvinians are an
outlier, while the remaining groups cluster together. Secondly, the EBA Kurma XI_EBA Ust’-Ida
group is in close affinity with the Itel’men population, which was not shown previously (16).
This close genetic affinity between the EBA Kurma XI_EBA Ust’-Ida and the Itel’'men can be due
to the increase in haplogroup C frequency, which comprises 70% (n=7/10) of the available EBA
Ust’-lda population. The frequency of haplogroup Cin EBA Kurma XI_EBA Ust’-Ida is 31.8%
(n=7/22) compared to 14.8 % (n=7/47) in the Itel’'men population (18). Also, the novel
appearance of haplogroup Z, more frequent in northeastern Siberian populations (18,72), gives
the EBA Kurma XI_ EBA Ust’-Ida group a closer affinity with some northeast Siberian
populations such as the Koryaks and Itel’'men. Furthermore, because of the presence of
haplogroup Z, the EBA Kurma XI_ EBA Ust’-Ida population now clusters more closely with Kets

than previously described by Mooder et al. (2006) (16); haplogroup Z is present in 9.1%
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(n=2/22) of the EBA Kurma XI_ EBA Ust’-Ida populations and 2.6% (n=1/38) in the Kets (73)
(Table 2.4).

Thirdly, LN Ust’-Ida appears in close association with Buryats, which was previously suggested
by Mooder et al. (2010) (5). EN Shamanka Il associate closely to the Egyin Gol ancient
Mongolian population, and this close affinity can be due to the fact that both of EN Shamanka Il
and the Egyin Gol have a high frequency of haplogroup D (40.7%, n=11/27, and 41.3%, n=19/46,
respectively). EN Lokomotiv is not in a close affinity to any particular modern Siberian
population. However, Lokomotiv_Shamanka Il pooled data are close to the Todjins, which could
be due to the presence of haplogroup U5a in both populations (5.2%, n=3/58 in
Lokomotiv_Shamanka Il, and 6.2%, n=3/48 in Todjins).

mtDNA haplogroups A and D, in EBA Kurma XI (8.3%, n=1/12, and 50%, n=6/12, respectively)
and EN Shamanka Il (18.5%, n=5/27) and 40.7%, n=11/27, respectively), are both present in the
modern Siberian population. Haplogroup A is present in several Siberian populations including
Kets (7.8%, n=3/38), Itel’'men (6.3%, n=3/47) and Koryaks (5.1%, n=8/155) (18,73), but reaches a
higher frequency in the northeastern Siberian populations (18,74-79). Haplogroup D is
significantly represented in the eastern Siberian population from the west at the Yenisey River
and as far east at the Bering Sea (18, 80-82).

Haplogroup F, the second most common haplogroup represented in EBA Kurma XI (25%,
n=3/12) is found in several Siberian populations surrounding Lake Baikal area, including Kets
(23.6%, n=9/38)(73), Altaians (8.1%, n=9/110), Tuvinians (2.2%, n=2/90), Todjins (2%, n=1/48)
and Buryats (1%, n=1/91) (83). The presence of haplogroup F in EBA Kurma Xl and the other Cis-
Baikal EN (e.g. Lokomotiv, 48.4%, n=15/31, and Shamanka I, 11.1%, n=3/27) and LN Ust’-Ida
cemeteries (10.3%, n=3/29) (5,14-17,22) indicates that this haplogroup existed for some time in
the prehistoric and indigenous southeastern Siberian populations (84).

Despite the small sample size of EBA Kurma XI, the mtDNA signature is of importance in
understanding the maternal background of the area. The obvious difference between mtDNA
haplogroup distribution at EBA Kurma XI, LN Ust’-Ida and EBA Ust’-Ida, and the similarities in
the mtDNA profile between EBA Kurma Xl, EN Lokomotiv and EN Shamanka Il individuals might

indicate that the maternal background of EBA Kurma Xl is in closer genetic affinity to the EN Cis-
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Baikal populations, and both LN Ust’-Ida and EBA Ust’-lda are outliers. However, it has been
suggested that Kurma Xl is an ‘exclusive’ or a ‘specialized’ cemetery with some unique burial
practices and small size (23,25). Therefore, the Kurma Xl population might not be
representative of the entire population that inhabited the Little Sea micro-region during the
EBA. It is unfortunate that DNA analysis has to date been unsuccessful from Khuzhir-Nuge XIV,
the largest LN-EBA ‘community’ cemetery in the Little Sea micro-region (25,85,86). mtDNA
haplogroup analysis from this cemetery would confirm one of three hypotheses: first, if
Khuzhir-Nuge XIV were similar to either LN Ust’-Ida or EBA Ust’-Ida it would suggest that EBA
Kurma XI might be an outlier; second, if Khuzhir-Nuge XIV were similar to EBA Kurma XI, it
might suggest that both LN Ust’-Ida and EBA Ust’-lIda were outliers; and third, if Khuzhir-Nuge
XIV showed a different haplogroup distribution to EBA Kurma XI, LN Ust’-lda and EBA Ust’-Ida it
would indicate that LN-EBA prehistoric population was heterogeneous with respect to maternal
origins or that the cemeteries were being used by different population subsets, as it was shown
with the new obtained Shamanka Il data that the EN prehistoric population is heterogeneous
with respect to maternal origin.

The improvments to the ancient DNA techniques, performed in our laboratory, have allowed us
to determine that mtDNA of one individual from the Khuzhir-Nuge XIV cemetery
(K19_1997.011) belonged to haplogroup D, and further analysis might allow us to evaluate

these hypotheses.
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Table 2.6. Matrix of Gsr genetic distances predicted by mtDNA haplogroup frequencies between modern and prehistoric Siberian
population. Pairwise Gsr estimate was calculated using the SAS/STAT® software.

LOK SHA LOK_SHA LN_UID EE:Z—TJLIJS EgGyci:;_ Kurgan Tofalars Altaians Tuvinians Todjins Buryats Evenks Yakuts Kets Koryaks Ite’'men

LOK 0 0.06563 0.0148 0.08114 0.07097 0.06918 0.24902 0.22937 0.10987 0.14918 0.17453 0.10912 0.14491 0.14172 0.08749 0.16865 0.23399

SHA 0 0.01868 0.0603 0.01672 0.00778 0.23943 0.16128 0.08549 0.07912 0.12091 0.03148 0.05823 0.06438 0.10759 0.10941 0.18496
LOK_SHA 0 0.05517 0.02933 0.02423 0.22446 0.17904 0.08163 0.09967 0.13196 0.05704 0.08807 0.08902 0.08021 0.12396 0.19178
LN_UID 0 0.05496 0.04811 0.10311 0.10173 0.03623 0.06307 0.0615 0.04671 0.07219 0.06389 0.02758 0.06746 0.13206
EBA_KUR
EBA_UID 0 0.02719 0.22817 0.10671 0.07966 0.05006 0.08201 0.03606 0.03486 0.04684 0.08885 0.09172 0.1913
Egyin_

Gol 0 0.19059 0.15509 0.05888 0.07208 0.1067 0.02591 0.05743 0.05308 0.08257 0.12266 0.20183
Kurgan 0 0.20004 0.0616 0.15782 0.12481 0.15879 0.19753 0.15377 0.05966 0.22034 0.32039
Tofalars 0 0.09084 0.02378 0.01204 0.08975 0.04357 0.04784 0.10321 0.10416 0.26524
Altaians 0 0.042 0.03957 0.0408 0.05983 0.03843 0.02023 0.10905 0.20469

Tuvinians 0 0.0115 0.02681 0.00584 0.00532 0.0678 0.07839 0.20969
Todjins 0 0.05723 0.03198 0.02603 0.05426 0.09132 0.22909
Buryats 0 0.01972 0.01499 0.07349 0.06466 0.1508
Evenks 0 0.0055 0.09033 0.08321 0.21282
Yakuts 0 0.06945 0.09146 0.21635

Kets 0 0.11954 0.21213
Koryaks 0 0.04694
Itel_men

0

e Population abbreviations: LOK=Lokomotiv, SHA=Shamanka Il, EBA_KUR= Early Bronze Age_Kurma Xl, LN_UID= Late Neolithic_ Ust’-
Ida, EBA_UID= Early Bronze Age_Ust’-Ida.
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5.3. Y-chromosome results from Kurma Xl and comparison with modern

Siberian populations

Unfortunately, Y-chromosomal haplogroup analysis was only available from five EBA Kurma Xl
males, all belonging to haplogroup Q-M242, which is also the dominant Y-chromosomal
haplogroup in the Ust’-lda samples (Chapter 3).

The approximate age of this haplogroup is about 17,700 + 4,800 years. Haplogroup Q-M242 is
widely distributed across Siberia (51), Central to South Asia, West Eurasia and northern East
Asia, which might be indicative of Q-M242 expansion through northern Eurasia as a migratory
route (87). Individuals carrying haplogroup Q-M242 might have migrated from Siberia via the
Altai/Baikal area to the Americas (88-90), which suggest the appearance of this haplogroup in
the area just after the Last Glacial Maximum (52). Haplogroup Q-M242 is found in the Sel’kup
and Ket populations of Siberia, and also in the Altai people and other Northeast Siberian
groups, for example, the Yukagirs and Koryaks. The Q-M242 sub-haplogroup Qla3a-M3 (Q-M3),
the most frequent haplogroup in the Native American population (91), is not found in the
Kurma Xl samples. However, sub-haplogroup Q1a3-M346, which is a sister sub-haplogroup to
Qla3a-M3 (52), is identified in three of five males in Kurma Xl samples. A study of several
northern East Asian groups by Malyarchuk, B. et al. (2011) examining specific sub-haplogroups
of Q-M242, showed that Q1a3-M346 is more frequent than other sub-haplogroups (e.g. Qla*-
MEH2, Q1a2-M25 and even Qla3a-M3) in the Siberian modern populations. Q1a3-M346 is
found in the Altaians (25.8%, n=23/89), Todjins (38.5%, n=10/26) and Tuvinians (38%,
n=41/108), and also distributed in Khakassians (6.3%, n=4/64) and Sojots (7.1%, n=2/28), and
even in Kalmyks (1.7%, n=1/60) population (52). Sub-haplogroups Qla*-MEH2 and Qla2-M25
were not found in the Kurma XI males.

The Y-chromosomal findings from the Kurma Xl available males would support ancient links

between the Siberian and the Native Americans.
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5.4. Overall evaluation of mtDNA and Y-chromosomal DNA haplogroup

distribution in EBA Kurma Xl

Summing the mtDNA and the Y-chromosomal DNA haplogroups results from the Kurma Xl
cemetery shows interestingly that all five males from whom Y-chromosomal haplogroups were
obtained belonged to haplogroup Q-M242 or its sub-haplogroup Q1a3-M346 and all carried
mtDNA haplogroup either D or Z. This could lead us to a potential scenario for the social
structure during the prehistoric time in Lake Baikal.

Patrilocality, when women move to their husbands’ residence after marriage and men stay in
their birthplace, is the norm in about 70% of the world’s populations (92). According to Kelly,
R.L. (1995 and 2013), patrilocality is the most common form of post-marital residence, found at
65%, in hunter-gatherer societies (93,94). Patrilocal societies are usually characterized by a high
level of diversity in mtDNA haplogroups and low level of diversity in Y-chromosomal
haplogroups within the same group with the reverse situation between groups (95-98). The
Kurma Xl results are suggestive of a patrilocal post-marital residence pattern. Also, the high
level of diversity in mtDNA haplogroups and low level of diversity in Y-chromosomal
haplogroups within the Kurma Xl prehistoric population could be suggestive of an exogamy
marriage pattern, when men marry women from outside the group. The genetic analysis in this
study shows that the Kurma XI population carried four different mtDNA haplogroups (A, D, F
and Z), while only one Y-chromosomal haplogroup Q-M242 and/or its sub-haplogroup Qla3-
M346 were observed. Studies of the Y-chromosomal haplogroups at Lokomotiv, Shamanka Il
and Ust’-Ida are in progress and may elucidate social structure in those groups.

5.5. Previous vs. new mtDNA haplogroup distribution from Cis-Baikal cemeteries
mtDNA results have been obtained previously from two EN cemeteries (Lokomotiv, n= 31, and
Shamanka Il, n=21) and one LN-EBA cemetery (LN Ust’-Ida, n=10, and EBA Ust’-Ida, n=29).
mtDNA analysis from EN Lokomotiv individuals showed a higher distribution of haplogroup F
(48.4 %, n=15/31) and a lower distribution of haplogroup C (3.2%, n=1/31) (15).

Previous data from the EN cemetery (Shamanka Il) showed a higher distribution of haplogroups
D and F (28.6%, n=6/21, and 23.8%, n=5/21, respectively) and lower distribution of haplogroup
G2a (4.8%, n=1/21) (17). Prior analysis of 29 individuals from LN Ust’-Ida showed a higher
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distribution of haplogroups A (24%, n=7/29) and “Others” (27.6%, n=8/29). The designation
“Others” is assigned when a group of reproducible single nucleotide polymorphic sites on the
mtDNA HV1 region do not relate to a specific haplogroup (63). The ten individuals from EBA
Ust’-Ida showed a higher distribution of haplogroup C (70%, n=7/10) than haplogroup A (30%,
n=3/10) and the absence of any other haplogroups (16). Previously, it was demonstrated that
the two EN cemeteries, Lokomotiv and Shamanka I, were similar to each other (p=0.600) but
both were statistically different from the LN-EBA cemetery Ust’-Ida (p=0.001 and p=0.008,
respectively) (5,16).

Comparison of the EBA Kurma XI population and the newly obtained results from EN Shamanka
Il individuals, together with the division of the LN-EBA Ust’-lIda population into LN and EBA
groups, gives us new insight into the maternal background of the Cis-Baikal prehistoric
population. The mtDNA haplogroup distribution between the two EN cemeteries and the LN,
EBA Ust’-Ida and EBA Kurma Xl are all significantly different. Table 2.7 summarizes all the
Fisher’s exact test results between all the cemetery samples with p<0.05 as the statistical
significance level. However, EBA Kurma XI mtDNA haplogroups are not significantly different
from the EN Lokomotiv and Shamanka population (Table 2.7). EBA Kurma XI shows a higher
distribution of haplogroup D (50%, n=6/12), a lower distribution of haplogroups A (8.3%,
n=1/12) and Z (16.7%, n=2/12) (not previously found in Cis-Baikal prehistoric population), and
the absolute absence of haplogroup C (Fig. 2.5).

Interestingly, the two EN cemeteries Lokomotiv and Shamanka Il (including the new results)
were found to be statistically different, contradicting previous findings (e.g. (5)). The new
Shamanka Il dataset shows a higher distribution of haplogroup D (40.7%, n=11/27) and a lower
distribution of haplogroup U5a (3.7%, n=1/27) than previously indicated (e.g. (5)) (Fig. 2.5).
The new mtDNA data from EBA Kurma XI and Shamanka Il and the new statistical analysis
results question the previous finding of a discontinuity between EN and LN-EBA populations
(5,16). The EN populations of Cis-Baikal are not homogeneous in their maternal origin because
Lokomotiv and Shamanka Il are now shown to have different mtDNA haplogroup distributions.
However, both these EN cemeteries, share a common maternal background with the EBA

Kurma XI population but all are significantly different from the LN and EBA Ust’-Ida.
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The LN Ust’-Ida and EBA Ust’-Ida differ significantly in haplogroup distribution. The low
haplogroup diversity in EBA Ust’-Ida is striking and has been previously discussed by Mooder
2006 (16).

In summary, the analysis of Kurma XI and additional material from Shamanka Il now suggest
that all the Cis-Baikal are genetically distinct with respect to their maternal origin. However, the
individuals analyzed from all Cis-Baikal cemeteries are small and may be unrepresentative of
the entire prehistoric populations that lived in the Baikal area. Therefore, studying more
individuals from all the Cis-Baikal prehistoric cemeteries is essential to make inferences about

the social structure of the prehistoric population and their migration and marriage patterns.

Table 2.7. Summary of Fisher’s exact test results between all of Cis-Baikal’s cemeteries
populations at different periods (EN, LN, EBA).

Population (n= number of individuals) Fisher's exact test results (p<0.05)
EBA KUR (n=12) and EBA UID (n=10) p<0.0001
EBA KUR (n=12) and LN UID (n=29) p=0.0003
EBA KUR (n=12) and EN LOK (n=31) p=0.1079
EBA KUR (n=12) and EN SHA (n=27) p=0.1515
EBA UID (n=10) and LN UID (n=29) p=0.0239
EBA UID (n=10) and EN LOK (n=31) p<0.0001
EBA UID (n=10) and EN SHA (n=27) p=0.0151
LN UID (n=29) and EN LOK (n=31) p=0.0007
LN UID (n=29) and EN SHA (n=27) p=0.0066
EN LOK (n=31) and EN SHA (n=27) p=0.0174

e p<0.05: the statistical significance level

e KUR= Kurma Xl, UID= Ust’-lda, LOK= Lokomotiv, SHA= Shamanka Il
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5.6. Summary of the Y-chromosomal haplogroup distribution from the four Cis-

Baikal cemeteries

Y-chromosomal haplogroup analysis was obtained from the two EN cemeteries, Lokomotiv
(number of males with positive results, n=7/ 17, and from Shamanka I, n=9/9), to show that
Lokomotiv males are more heterogeneous than the Shamanka Il males. Lokomotiv males show
a high frequency of Y-chromosomal haplogroup K, and low frequency of haplogroup C3, but all
of the Shamanka Il males belong to haplogroup K. The EN Lokomotiv population shows the
highest degree of heterogeneity in the Y-chromosomal haplogroup distribution when compared
to all the other studied cemeteries’ populations from the Cis-Baikal region. The high frequency
of haplogroup K in the Lokomotiv population and the dominance of haplogroup K in Shamanka
Il population suggest that the two EN populations have a common paternal background.

The other LN-EBA cemetery, Ust’-Ida (n=14/16), has a high frequency of haplogroup Q-M242
and its sub-haplogroup Ql1a3-M346 and low frequency of haplogroup K. When comparing
paternally LN-EBA Ust’-lIda with the EBA cemetery Kurma Xl, both share a high frequency of
haplogroup Q-M242/Q1a3-M346. The high frequency of haplogroup Q-M242/Q1a3-M346 in
both LN-EBA cemeteries’ populations, Ust’-Ida and Kurma XI, suggests a common paternal
background for these LN-EBA populations; however, it is different than the EN populations’
paternal background. The Y-chromosomal haplogroup distributions in the Cis-Baikal region
propose a paternal discontinuity between the EN and LN-EBA populations, and the male
migration patterns differ from the female migration patterns during prehistoric times. More

details about Y-chromosomal analyses from all four cemeteries can be found in Chapter 3.
6. Conclusion

In conclusion, mtDNA results from Kurma Xl raise many questions about the maternal
background of the EBA population of Lake Baikal. Also, the new data obtained from Shamanka Il
and the new statistical analyses conducted on all the cemeteries after adding the EBA Kurma Xl
individuals and Shamanka Il individuals to the analyses gave a different perspective about the
maternal origin of the prehistoric populations in Cis-Baikal. The two EN cemeteries (Lokomotiv
and Shamanka Il) do not share the same maternal origin because they are significantly different

in their mtDNA haplogroup distributions. However, since the number of individuals analyzed
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were really small and there are still quite a few Lokomotiv and Shamanka Il individuals to be
analyzed, the chances are high that the presepective that Lokomotiv and Shamanka Il have a
different maternal origin might change once again. The LN Ust’-lda and EBA Ust’-lda also do not
share the same maternal origin, which might indicate that the cemetery has been used by two
different groups of people belonging to different populations. The Kurma XI mtDNA haplogroup
distribution differs from the only other LN-EBA cemetery, Ust’-lda for which mtDNA data are
available. However, EBA Kurma XI mtDNA distribution is similar to the EN cemeteries of
Lokomotiv and Shamanka II.

A significant limitation is the small size of EBA Kurma X| and the suggestion that it is ‘exclusive’
might mean that it is not representative of the entire population inhabiting the micro-region
during the EBA period. Y-chromosomal DNA was a novel addition to the genetic study of Lake
Baikal prehistoric populations and provides an insight into the contribution of the prehistoric
population of Lake Baikal in the formation of the Native American population.

For future direction, the analysis of mtDNA and Y-chromosomal polymorphisms from the large
Khuzhir-Nuge XIV population would elucidate the genetic signature by estimating the influence

of social norms on their genetic diversity.
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1. Introduction

1.1. Background

Archaeological data indicate that the Cis-Baikal region of Siberia has provided a several large
prehistoric cemeteries probably since the Early Upper Paleolithic period (1,2). Cis-Baikal area
has four major micro-regions: the Angara River Valley, the upper Lena River Valley, the Little
Sea (OlI’khon) on the northwest coast of the Lake, and the South Baikal region (Figure 3.1) that
have been investigated by several Russian and Canadian scholars since 1990. The Baikal
Archaeology Project (BAP), an international multidisciplinary initiative, aims to reconstruct the
lifestyle of the hunter-gatherer groups inhabiting the area and buried in formal cemeteries
during the Neolithic and Bronze Age periods. The area was home to two temporally distinct
populations from Early Neolithic (EN) (Kitoi culture), 8000-6800 cal BP, to Late Neolithic-Early
Bronze Age (LN-EBA) (Serovo-Isakovo-Glazkovo culture), 5800-4000 cal BP. The EN group was
separated from the LN-EBA group by a 1000-year gap (hiatus) during which large mortuary sites
are entirely absent (3).

The EN (Kitoi) culture had formal cemeteries “...as an area used repeatedly and more or less
exclusively for disposal of the group’s dead” (e.g. (4)). The EN people practiced hunting, fishing
and sealing, the population was large and unevenly distributed, had differential mobility and
substantial social differentiation (5).

The LN-EBA (Serovo-lsakovo-Glazkovo) culture had formal cemeteries, practiced hunting,
fishing and sealing, were larger and evenly distributed populations, and had moderate mobility
and social differentiation (5).

Earlier Russian craniometric studies suggested that the EN and the LN-EBA populations are
genetically distinct (6-9). Measuring the biological differentiation between the two cultures can
also be achieved through their genetic signatures, which would give a strong verification of
their genetic relationships.

Ancient DNA (aDNA) research of several hunter-gatherer individuals from Cis-Baikal was first
conducted by Russian researchers analyzing mitochondrial DNA (mtDNA) composition (10,11).
aDNA analysis was continued by several researchers, who examined mtDNA polymorphisms in

skeletal samples from different mortuary sites. These mortuary sites include the EN cemetery
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(Lokomotiv) and LN-EBA cemetery (Ust’-Ida) (12), the EN cemetery (Shamanka Il) (13) and the
LN-EBA cemetery (Khuzhir-Nuge XIV) (14). Unfortunately samples from Khuzhir-Nuge XIV were
poorly preserved and mtDNA analysis was not possible. In my project a third EBA cemetery
(Kurma XI) was investigated, six new EN Shamanka Il samples were also analyzed, and another
four EN Shamanka Il samples were re-analyzed (Chapters 2 &4). Each of these cemeteries is

located in a different micro-region of Lake Baikal and provides a unique mtDNA signature.
1.2. Archaeological context

As a part of the archaeological research, estimation of carbon (6'3C) and nitrogen (6%°N) stable
isotope signatures in human bone is considered the most direct and reliable method to
determine diet and subsistence strategies of prehistoric populations (15). In BAP, the values of
813C and 6N isotopes from the individuals’ osteological remains were compared to §'3C and
8%5N isotopes’ ratios of local fauna in different Cis-Baikal micro-regions to create a thorough
descriptive reconstruction of prehistoric populations’ diet and subsistence practices since the
EN period to the LN-EBA period (5,16,17). Examination of different samples from Cis-Baikal
micro-regions and the different periods provided clear evidence for the consumption of
freshwater foods (e.g. fish and seal- in groups from Lake Baikal), still “there is significant spatio-
temporal variability within and between micro-regions” (5).

Mobility strategies are correlated with several aspects including social, cultural and
environmental variables in hunter-gatherer societies. Mobility patterns can be addressed
through dietary evidence, as carbon and nitrogen stable isotope ratios, and also through
Strontium (Sr) isotope signatures, which is considered a more considerable method to measure
mobility than carbon and nitrogen stable isotope signatures (5).

Sr, a natural element of earth, is integrated into the skeletal tissues through the ingestion of
food and water. The ratios of 8’Sr to 86Sr detected in the skeletal tissues of a human or an
animal is a reflection of the 87Sr/8Sr signatures found in the environment and directly related
to the food and water consumed by the human or the animal from a specific region. 99% of the
total amount of Srin a living organism’s body is found in bones and teeth (18). The bone tissue
undergoes a constant remodeling every 7 to 10 years during the individual’s lifetime, but the

tooth enamel development stabilizes after infancy and childhood (19). Thus, any difference in
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the Sr isotope ratios between bones and teeth would reveal the migratory history of an
individual throughout a different geographical area, which might differ from the individual’s
residential location during childhood. Therefore,®’Sr/°Sr ratios were measured from bones and

teeth of some individuals from Lokomotiv and Ust’-Ida cemeteries (20).

1.3. Burial sites

1.3.1. EN cemeteries

a) Lokomotiv cemetery is the largest Neolithic cemetery identified in northern Asia. It was

exposed during the construction of the Trans-Siberian Railway in the 1800s (21,22). The
cemetery is located in the junction between the Irkut and the Angara rivers (in the Angara River
Valley micro-region) in a park in Irkutsk city (23).

b) Shamanka Il cemetery located at the southwestern tip (on the South Baikal micro-region) of

Lake Baikal is also considered a large cemetery (23).

Mortuary rituals and grave structure demonstrate similarities between the two EN cemeteries.
For example, the usage of red ochre, as a mortuary ritual, is observed at both Lokomotiv and
Shamanka Il (23). Several burials in both cemeteries have missing crania. Both cemeteries have
single, double, triple, and communal graves (13,21,22,24,25). The extended-supine body
position is common in both Lokomotiv and Shamanka Il (26). However, there is some variation
in mortuary rituals. Many graves in Shamanka Il cemetery had bear skulls, mandibles, canines
and molars indicating an interesting bear mortuary ritual (23), but none were found in

Ill

Lokomotiv (21). Also, fire rituals were documented in Shamanka Il “...suggested by the presence
of fire pits that often disturbed the graves” (23).

Pendants were present in all Shamanka Il graves except one (13), but many graves at Lokomotiv
had no grave assemblages (21). Different types of ornaments were represented in both
cemeteries including different types of pendants (red deer pendants, oval bone pendants,
mother-of-pearl pendants), and mother-of-pearl rings. Small art forms represented by elk
heads carved in antler, antler spoons with elk head shaped handles, and images of Baikal seal

represented on a talc object (e.g. Lokomotiv) and on an L-shaped bone artifact (e.g. Shamanka

1) (26).
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1.3.2. LN-EBA cemeteries

a) Ust’-Ida cemetery is situated on the Angara River (on the Angara River Valley micro-region)

with graves scattered parallel to the river. The Ust’-Ida cemetery was discovered after a flood
from a river dam caused the erosion of 11 graves (27).

b) Kurma XI cemetery located on the northwest coast of Lake Baikal’s Little Sea micro-region, is

smaller than the other cemeteries. After a test excavation on a Kurma Xl grave, the cemetery
was dated to the EBA (28). However, six graves out of 26 were found to be EN according to
archaeological and radiocarbon data (29).

The use of fire was evident at Ust’-lda with occasional burials showing red ochre treatment
(27,30). However, at Kurma Xl, the use of fire mortuary ritual was completely absent, but still
three burials were covered in red ochre (31).

Extended-supine body position is common in Ust’-lda with the head oriented to the north, or
sometimes the head was facing south and bodies either extended-supine or sideways
(12,27,32). Also, two body positions were found at Kurma XI, one mostly extended-supine with
the head pointing southwest, and the other was a sitting position (three cases only) (33,34).
Other mortuary variability include, single, double, triple and multiple graves in Ust’-Ida
cemetery (12,27,32). At Kurma XlI, all of the graves were single except for one double grave
(35). Few rich graves “, with a variety of objects placed in each hand of the deceased
individuals” (26), were found in the Ust’-lda cemetery. Only two burials at Ust’-Ida can be
considered rich. At these two burials different objects were placed in each hand of the
deceased individuals including “...points made of elk metapodial bones, double-sided composite
inset points, harpoons, and a variety of other points carved from long bones” (26). Kurma Xl
had a number of grave inclusions including axes/adzes, knives made of green nephrite, disks of
white nephrite and calcite, lithic arrowheads, red deer canine pendats, spoons, harpoons and
metal knives and needles (34). Many artefacts found in the Kurma Xl graves were considered to
be unique finds to the entire Cis-Baikal region (36). For example, one EBA grave at Kurma Xl had
a large copper/bronze medallion featuring an anthropomorphic figure inside a circular frame
directly associated with the burial (Grave no. 1) (37). Another EBA grave had a silver ring object

directly associated with the burial (Grave no. 15) (37).
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1.4. Previous DNA analysis

Previous studies on DNA from EN Lokomotiv (28 individuals), LN-EBA Ust’-Ida (29 LN and 10
EBA) and EN Shamanka Il (21 individuals) have examined restriction fragment length
polymorphisms (RFLP) and/or direct sequencing of the hyper-variable 1 region (HV1) of mtDNA
to identify mtDNA population specific polymorphisms (haplogroups). Several Eurasian mtDNA
haplogroups were identified with varying frequencies in the different cemetery samples
(12,13,22,38).

mtDNA analysis from the three cemeteries showed that individuals from the two EN cemeteries
(Lokomotiv and Shamanka Il) both had higher frequencies of haplogroups D and F and lower
frequencies of haplogroups A and C, suggesting that Lokomotiv and Shamanka Il people were
maternally related (39). The LN-EBA cemeteries (Ust’-Ida) illustrated different mtDNA
haplogroup frequencies. LN Ust’-lda shows higher frequency of haplogroup A and lower
frequencies of haplogroups D and F, and EBA Ust’-Ida shows higher frequency of haplogroup C,
lower frequency of haplogroup A and the absence of haplogroups D and F (38).

As part of this project, mtDNA was analyzed, through direct sequencing of the HV1 region, for
12 EBA Kurma Xl individuals and two EN Kurma Xl individuals. In addition, mtDNA was
examined from six additional EN Shamanka Il individuals, and mtDNA was re-analyzed from four
EN Shamanka Il individuals. EBA Kurma XI shows a high frequency of haplogroup D, a low
frequency of haplogroup A, the absence of haplogroup C, and the appearance of haplogroup Z,
which was not found in other Cis-Baikal cemeteries. Statistical analysis (Fisher’s exact test)
shows that EBA Kurma Xl is maternally different from both LN Ust’-lda and EBA Ust’-Ida
(Chapter 2). Also, the updated Shamanka Il mtDNA data show that Shamanka Il is maternally
different from Lokomotiv, which contradicts the previous findings (Chapter 2). Interestingly,
Kurma Xl has a similar haplogroup distribution to the two EN cemeteries, Lokomotiv and
Shamanka Il. The new results from EBA Kurma Xl and EN Shamanka Il question the notion of
maternal continuity/ discontinuity between EN, LN and EBA populations of Cis-Baikal. Thus, the
new mtDNA results suggest that the two EN cemeteries (Lokomotiv and Shamanka Il) have a
different maternal origin; however, they both might share the same maternal origin with the

EBA Kurma Xl individuals. In addition, the mtDNA haplogroup distribution from EBA Kurma XI
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individuals suggest that those individuals have a different maternal origin from the LN Ust’-Ida
and even the EBA Ust’-Ida individuals.

Therefore, investigating the populations of the two EN cemeteries and the two LN-EBA
cemeteries through the patrilinear lineage using Y-chromosomal polymorphisms is crucial to
verify discontinuity or continuity between the EN and LN-EBA populations.

1.5. Y-chromosomal analysis

The aim of this study is to explore the paternal lineages of the Cis-Baikal prehistoric populations
through the examination of Y-chromosomal polymorphisms. Examination of the patrilineal
lineage is a novel and essential approach to BAP not only to complement the matrilineal lineage
data, but also to elucidate patrilineal continuities and/or discontinuities within and between
the EN and the LN-EBA groups.

The Y-chromosome consists of two main regions, the non-recombining region (NRY) and the
pseudoautosomal regions (PARs). Loci on the Y-chromosome’s NRY are haploid, inherited
paternally and have been shown to be useful in tracking the male lineage in populations (41).
The PARs are the only parts on the Y-chromosome that recombine with the PARs on the X-
chromosome during meiosis in order to maintain their attachment on the spindle fibers during
cell division and act as regular autosomes (42). Many DNA polymorphisms among different
human populations that can be found on Y-chromosomal DNA, have led to a dramatic increase
in studies of the paternally inherited Y-chromosome and helped in highlighting the important
role of Y-chromosomal polymorphisms in evolutionary and population genetics (43-49). These
polymorphisms include single nucleotide substitutions, small and large deletions, inversions and
duplications. These polymorphisms have different mutation rates (50). Some loci have low
mutation rates, which provide the opportunity to use them in differentiating between ancestral
branches on the human evolutionary tree (45,46,51,52). Y-chromosomal SNPs (Single
Nucleotide Polymorphisms) have a low mutation rate (10~8 mutation/generation), making them
appropriate for identifying stable paternal lineages that can be tracked back in time for
thousands of years (53). About 600 SNPs belonging to 20 Y-chromosomal haplogroups have
been identified to date from the modern populations of the world (54). To determine the Y-

chromosomal haplogroup distribution of individuals from EN and LN-EBA cemeteries, we
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examined Y-chromosomal SNPs. The results would give us insight not only on paternal lineage
of individuals but also on marriage and post-marital residence patterns practiced by males
when compared to published data of modern haplogroup distribution in the same region
(55,56). Certain Y-chromsomal SNPs were examined in this study that define Y-chromosomal
haplogroups (e.g. C-M216, C3-M217, F-M89, K-M9, N3-Tat, 0-M175, P-M45, Q-M242, Q3-M3,
R1-M173 and R1al1-M17) distributed among East Asian populations and Siberian populations
(57). Regarding analyzing Y-chromosomal sub-haplogroups, haplogroup Q-M242 is identified by
M242 SNP mutation (54) and is widely distributed among different groups in Siberia (58). There
are several sub-haplogroups under haplogroup Q-M242. Only certain sub-haplogroups from the
haplogroup Q-M242 tree are represented in the Siberian population (Qla*-MEH2, Q1a2-M25
and Qla3-M346) (59).
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Figure 3.1. Cis- Balkal cemeteries’ and their locations-circled in red (Shamanka Il and Lokomotiv-

EN) and (Ust’-Ida, Khuzhir-Nuge XIV and Kurma XI-LN-EBA) (60).

Adapted with permission from [Point taken: An unusual case of incisor agenesis and mandibular

trauma in Early Bronze Age Siberia. A.R. Lieverse,l.V. Pratt,R.J. Schulting,D.M.L. Cooper,V.l.

Bazaliiskii,A.W. Weber. International Journal of Paleopathology. 6. Copyright © 2014 Elsevier]

(License number 3571161002487).
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2. Materials and Methods

2.1. Contamination controls

Rigorous measures are required when working with ancient DNA to minimize the risk of
exogenous contamination with modern DNA. Published recommendations (61) were followed
in our laboratory. During DNA extraction and PCR amplification negative controls were
introduced to detect any probability of contamination. All sample preparations, DNA
extractions and preparation for PCR amplifications were conducted in a dedicated laboratory
(clean room). Prior to entering the clean room, researchers dressed in gowns, booties, sterile
sleeves, masks and goggles. After entering the clean room another set of gloves was worn, by
researchers, and sprayed with 30% (v/v) bleach (sodium hypochlorite). The clean room was
equipped with a separate workstation for sample preparation, and with a class Il type A2
biological safety cabinet (Thermo Scientific™, USA) for all other procedures. The bone box was
cleaned with undiluted industrial strength bleach (100% v/v) between each sample to avoid
cross contamination. The biological safety cabinet was cleaned with 70% ethanol before and
after usage and exposed to UV light for four hours after each usage. Racks, pipettes, and
containers were cleaned with 10% (v/v) bleach before and after each single use. Sterile pipette
tips (Rose Scientific, AB, Canada) were used. Reagents were decontaminated either by
bleaching, UV irradiation and/or autoclaving prior to use depending on the nature of the
material. PCR amplifications and data analysis were carried out in duplicate on two separate
occasions. All personnel working in the laboratory gave consent to have their mtDNA and Y-
chromosomal haplogroups determined. Establishment of the authenticity of results is discussed

in section 2.5.
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2.2. DNA Sampling
2.2.1. Sample selection from Lokomotiv, Ust’-lda, Shamanka Il and

Kurma Xl

Male samples confirmed by molecular sex analysis were selected for analysis from the four
main cemeteries in the Cis-Baikal area, except for one Kurma Xl individual, whose molecular sex
could not be determined but has a morphological sex of probable male (KUR_2002.010). This
Kurma Xl individual was added only to increase the possibility of obtaining more Y-
chromosomal results from Kurma XI cemetery. Two cemeteries (Lokomotiv and Shamanka Il)
belong to the EN period and two belong to the LN-EBA period (Ust’-Ida and Kurma XI).

The molecular sex of Lokomotiv and Ust’-Ida samples was determined previously through
amelogenin analysis (22). The male samples were selected for further Y-chromosomal analysis.
The reliance was mostly on molecular sex results rather than morphological sex because there
was occasionally discordance between molecular and morphological sexing (38). For the
analysis, 26 vertebral bones and/or teeth samples were available from 17 males from the
Lokomotiv cemetery and 21 vertebral bones and/or teeth samples from 16 males from the Ust’-
Ida cemetery. All male samples from Lokomotiv belong to the EN period. Fourteen males
samples from Ust’-Ida belong to the LN period except for two EBA samples and one unknown
(Table 3.1). Nine male samples were available for Y-chromosomal analysis from the Shamanka I
cemetery. The molecular sex of five samples was previously determined by Thomson (2005)
(13), and the remaining four samples were analyzed as part of this study (Table 3.1). The male
samples from Shamanka Il belong to the EN period (62). Sixteen vertebral bone and tooth
samples from Kurma XI, belonging to seven confirmed males through amelogenin analysis
(Moussa et al. n/d), were available for Y-chromosomal analysis. All Kurma Xl males belong to
the EBA period (62). For bone samples, vertebral bones were preferred for two main reasons.
Vertebrae contain a high proportion of spongy bone tissues, which has a higher DNA vyield
compared with other types of bone tissue (63), and because multiple vertebrae are available
from one individual. Molars were the preferred teeth samples because there is more than one

root available for DNA extraction in each tooth.
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Table 3.1. Male individuals available for Y-chromosomal analysis from the four studies
cemeteries (Lokomotiv, Shamanka Il, Ust’-Ida and Kurma XI) with the individuals’ sample type,
and IDs, age of the individuals, period, morphological sex and number of individuals in grave
(62).

No Cemetery & Master ID Sample Type of | Morphological inﬁieidoufal Archaeological
No sample Sex Age
(Years)
Lokomotiv (EN)
LOK_1980.004 2009.002. Bone Female 25-35 EN
LOK_1980.006 1995.100. Bone Male 20+ EN
2009.007, | Bone and Male
3 LOK_1980.010.02 2001.504 Tooth 20-25 EN
LOK_1980.010.03 2009.008. Bone Female 50+ EN
5 LOK_1980.012 2009.010. Bone Female 18-22 EN
6 LOK_1981.013 22%%91'32932' B‘;’;Zf:d Male 25-35 EN
7 LOK_1980.014.03 2009.011. Bone Immature 10- 11 EN
8 LOK_1980.016 22%%91'21;;' B"T';if:d Male 4555 EN
9 LOK_1980.017 2009.015. Bone Male 35-50 EN
10 LOK_1980.022.02 22%%%%222' Bone Male 20+ EN
11 LOK_1981.024.01 2009.024. Bone Immature 11.5-15 EN
2009.027, Bone and
12 LOK_1984.027 2001.527, Teeth Male 15-18 EN
2001.529
13 LOK_1985.031.02 22%%91"33;22' Bc;';ifr:‘d Male 25-30 EN
14 LOK_1988.038.01 2009.036. Bone Female 50+ EN
1995.130, Bone and
15 LOK_1990.042 2009.041, Tooth Male 40-50 EN
2001.549
16 LOK_1990.044.01 2009.042. Bone Male 35-39 EN
17 LOK_1990.044.02 2009.043. Bone Male 30-39 EN
Shamanka II(EN)
1 SHA_2001.012 2009.060. Bone Undetermined 25-35 EN
2 SHA_2001.013.03 2009.061. Bone P;;:Ztl’ée 18-19 EN
3 SHA_2002.021.02 2002.257. Tooth Male 25-30 EN
4 SHA_2002.021.03 2009.070. Bone Undetermined 16-18 EN
5 SHA_2002.023.04 2001.221. Bone Undetermined 20+ EN
6 SHA_2004.052.01 2004.131. Bone Probable Male 20-24 EN
7 SHA_2004.044.02 2004.031. Bone Undetermined 20+ EN
8 SHA_2005.059.01 2004.058. Bone Male 35-39 EN
9 SHA_2006.083.01 2009.109. Bone Male 20-22 EN
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. Age of .

No Cemetery & Master ID | Sample No Type of Morphological indigvidual Archaeological

sample Sex (Years) Age
Ust'-Ida (LN-EBA)
1 UID_1987.005 2009.177 Bone Immature 7-9 LN
2 UID_1987.009 22%%3'.151%' B(;r;;?d Immature 4-7.5 LN
3 UID_1987.012 2001.490 Tooth Male 50+ LN
UID_1988.016.01 2009.182 Bone Male 25-35 LN
5 UID_1988.016.02 2009.183 Bone Male 50+ LN
6 UID_1989.020.01 22%%?2‘2 B‘;’;Z::d Male 18-24 LN
7 UID_1989.026.01 22%%2'.15?8' B(;Zifr?d Immature 13-15 LN
8 UID_1989.029 12%%51"12;' B‘;r;i:;d Male 50+ EBA
9 UID_1989.030 2009.194 Bone Female 50+ LN
10 UID_1990.033.01 22%%91"1532' B‘;r;i:;d Male 12-15 LN
11 UID_1991.038 2009.199 Bone Male 45-60 LN
12 UID_1993.043 2009.201 Bone Male Mature LN
13 UID_1993.044.03 2001.574 Tooth Immature 11-12 LN
14 UID_1994.048 2009.202 Bone Male 50+ EBA
15 UID_1994.053.02 2009.204 Bone Immature 4-6 LN
16 UID_1994.055.02 2009.205 Bone Male 15-18 LN
Kurma XI (EBA)

1 KUR_2002.001 2002.106 Teeth Male 25-30 EBA
2 KUR_2002.007.02 2002.116 Bone Male 20-29 EBA
3 KUR_2002.010 2003.099 Tooth Probable Male 1825 EBA
4 KUR_2002.015 2002.134 Bone Probable Male 17-18 EBA
5 KUR_2003.017 2003.013 Teeth Probable Male 20+ EBA
6 KUR_2003.018 2003.003 Tooth Probable Female 17-19 EBA
7 KUR_2003.019 2003.008, Tooth Probable Male 20-30 EBA

2003.010
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2.2.2. Specimen preparation and decontamination

Bones and teeth were cleaned to ensure a full decontamination of the surface of the samples
from exogenous modern DNA or bacterial DNA that would affect the final results. The method
was a modification of that described by Mooder et al. (2004) (12). Slightly different methods
were used for decontaminating vertebral and molar teeth samples.

Vertebral samples: A sterile saw was used to remove the processes from the body of the

vertebra. The outer surface of the vertebra was removed using a sterile scalpel. The vertebra
was immersed in 16.7% (v/v) bleach for five minutes. The bleach concentration was optimized
according to a published protocol (64).

Teeth samples: A sterile saw was used to separate the root from the crown. The root surface

was removed using a sterile scalpel. The root was immersed in 50% (v/v) bleach for 10 minutes.
Following decontamination, all samples were rinsed in HPLC grade water. The sample surface
was exposed to UV light for one hour and then left to dry in a sterile container for two days in
the Dead Air Box workstation. The samples were then frozen in liquid nitrogen, and pulverized
using a sterile mortar and pestle. The powder was collected with sterile spatulas and stored in
sterile containers at -20 degrees C until further analysis.

2.2.3. DNA extraction from bones and teeth

A modified silica-guanidium thiocyanate extraction protocol targeted for optimal extraction of
DNA from ancient bones and teeth was used (65). The DNA extraction protocol was adapted
from the published method (65) (Figure 3.2) with modifications to reduce the risk of
contamination.

All glassware and spatulas used in the preparation of extraction reagents were washed with
concentrated bleach (100% v/v) and detergent, rinsed several times with distilled water then

twice with Milli-Q water and autoclaved for 30 minutes at 121 degrees C.
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2.2.3.1. Procedure for DNA extraction (Figure 3.2)

Day 1: Approximately 0.5 g of bone or tooth powder was incubated in 10 ml extraction buffer,
rotating (MyLab Intelli-Mixer, Rose Scientific, AB, Canada) overnight at low speed. Five samples
plus a negative control (contained extraction buffer only) were processed per extraction.

Day 2: Samples were centrifuged (Eppendorf AG, Centrifuge 5430R, Hamburg, Germany) for 4
minutes at 5000g. The supernatant was transferred to a 50 ml polypropylene tube containing
100 pl silicon dioxide suspension and 40 ml binding buffer. The silicon dioxide suspension was
UV irradiated before use. The pH was adjusted to ~ 4.0 with 10N HCI. The tubes were rotated
for 3 hours in the dark at room temperature before centrifuging for 4 minutes at 5000g. The
supernatant was discarded. The silica pellet was washed once with 1 ml binding buffer. The re-
suspended silica and the binding buffer were transferred to a 2 ml Eppendorf tube, and
centrifuged for 30 seconds at 16,000g. The silica pellet was washed twice with 1 ml washing
buffer. After each wash the pellet was re-suspended in the buffer, and centrifuged for 30
seconds at 16,000g. After the final wash, the silica pellet was allowed to dry, with an open lid,
in the biological safety cabinet for 15 minutes. The pellet was re-suspended in 50 ul TE buffer
(10 mM Tris and 1 mM EDTA, pH 8.0), and rotated at very low speed for 10 minutes. The TE
buffer was UV irradiated before use. The mixture was centrifuged at 16,0009 for 4 minutes; the
supernatant removed and stored in a sterile Eppenddorf 1.5 ml tube. The last elution step was
repeated twice to avoid transferring silica, which can inhibit PCR amplification. Finally, the DNA

extract was stored at -20 degrees C until further analysis.
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Figure 3.2. A summary of the ancient DNA extraction protocol from bones and teeth (65).
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Adapted with permission from [Ancient DNA extraction from bones and teeth. Nadin Rohland
and Michael Hofreiter. Nature Protocols. 2 (7). Copyright © 2007 Nature Publishing Group]
(License number 3542601332498).
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2.3. Molecular sex assignment

Molecular sex of the Lokomotiv, Ust’-lda and most Shamanka Il samples had been determined
previously by other researchers (Table 3.1.) (12,13). The sex of the Kurma Xl samples and four
Shamanka Il samples was assigned by amelogenin analysis as part of this study. Amelogenin, a
gene involved in the formation of dental enamel, is found on both X and Y chromosomes (66).
PCR primers for amelogenin intron 1 amplification give a 106 bp product for females and a
106/112 bp product for males (67). The PCR amplification reaction was performed using
Mooder’s et al. (2005) protocol (22) with modifications, on Eppendorf AG Thermocycler
(Hamburg, Germany). Each 25 pl PCR reaction consisted of 1X PCR buffer (Invitrogen, NY, USA),
1.5 mM MgCl; (Invitrogen, NY, USA), 0.2 mM of each dNTP (Invitrogen, NY, USA), 0.4 mg/ml BSA
(Roche), 1.0 uM of each primer (Invitrogen, NY, USA), and 1.25 U of Platinum Tag DNA
Polymerase (Invitrogen, NY, USA). The thermocycler cycle started with a denaturing step at 95
degrees C for 2 minutes, and 40 cycles of 95 degrees C for 1 minute, annealing at 62 degrees C
for 1 minute and extension at 72 degrees C for 1 minute. Two negative controls without DNA
added were included in all PCR amplifications. The amelogenin PCR amplification product was
visualized via the Gel Doc™ EZ System (Bio-Rad, ON, Canada) after gel-electrophoresis on 12%

polyacrylamide gel and ethidium bromide (10 mg/ml) staining.

2.4. Y-Chromosome Single Nucleotide Polymorphisms (SNPs) analysis

2.4.1. Multiplex PCR amplification and SNaPshot reaction

Specific Y-chromosomal SNPs representative of East Asian and Siberian paternal lineages were
selected (Figure 3.3). The 13 SNP markers were examined via two multiplex PCR amplification
reactions using SNaPshot Multiplex kit (Life Technologies, NY, USA) via the ABI PRISM 3130xl
Genetic Analyzer (Life Technologies, NY, USA) using POP-4® (life Technologies, NY, USA). The
method was optimized for ancient DNA by adaptation of a published protocol (57). The PCR
amplification reaction was performed using Eppendorf AG Thermocycler (Hamburg, Germany).
Each 25ul PCR reaction consisted of 1X PCR buffer (Invitrogen, NY, USA), 4.0 mM MgCl,
(Invitrogen, NY, USA), 400 uM of each dNTP (Invitrogen, NY, USA), 1.0 mg/ml BSA (Roche,
BASEL, Switzerland), 2.0 U of Platinum Tag DNA Polymerase (Invitrogen, NY, USA), and the

multiplex primer mixture (57) (Invitrogen, NY, USA). The PCR amplification reaction started with
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a denaturing step at 95 degrees C for 2 minutes, followed by 37 cycles of denaturing on 95
degrees C for 30 seconds, annealing at 60 degrees C for 30 seconds, and extension at 65
degrees C for 30 seconds and finally a final extension step at 65 degrees C for 7 minutes.
ExoSAP-IT PCR clean-up kit (GE Healthcare, Life Sciences, Quebec, Canada) was used for PCR
clean-up to get rid of primers and unincorporated nucleotides. The SNaPshot results were
analyzed on GeneMapper 4.0 software (Life Technologies, NY, USA) and Y-chromosomal
haplogroups were assigned according to an updated human Y-chromosomal haplogroup tree

(54).
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Figure 3.3. Phylogenetic tree for the tested 13 Y-chromosomal SNPs analyzed by this project. SNP
names and sequence variations indicated above and under the lines, respectively. The

haplogroups associated with the specific variations designated at the end of the line (57).

Adapted with permission from [First successful assay of Y-SNP typing by SNaPshot

minisequencing on ancient DNA. C. Bouakaze. International Journal of Legal Medicine. 121 (6).
Copyright © 2007 Springer] (License number 3537380106957).
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2.4.2. Y-chromosomal sub-haplogroups of Q-M242

Primers suitable for amplifying the SNP sites were designed using Primer3Plus software (68)
(Table 2.2, Chapter 2). The amplicon size was less than 155 bp to match the criteria used with
the SNaPshot multiplex PCR reaction. The PCR amplification reaction was identical to the

amelogenin analysis except that the annealing temperature was 58 degrees C.
2.4. Evaluation of authenticity

Authenticity of all results obtained during the study was established through multiple analyses
of the same sample following published guidelines (61). Two separate SNaPshot reactions,
multiplex | (7-plex) and multiplex Il (6-plex), were performed on each sample, and results
rejected if there was discordance between SNaPshot | and SNaPshot Il. Analysis of sub-
haplogroups of Q-M242 was repeated twice for each sample. Because the study involved only
East Asian and Siberian populations and their Y-chromosomal haplogroup distribution (54) any
result demonstrating a SNP marker outside this haplogroup distribution of the population was
excluded. Because the peak threshold on the electropherogram is 100 relative fluorescence
units (RFUs), any peak less than this value was rejected. Fortuitously, only females were
working with the samples in this study, minimizing the risk of contamination from male DNA.
2.5. Statistical analysis

To test the null hypothesis for the Y-chromosomal haplogroup distributions, i.e. that the EN
cemeteries (Lokomotiv and Shamanka 1) were continuous to LN-EBA cemeteries (Kurma Xl and
Ust’-lIda), Fisher’s exact test was applied with a two-by-two contingency table. The table was
extended to the size described by the number of populations and the number of haplogroups
examined in the study. Fisher’s exact test is analogous to two-way contingency chi-square test,
but Fisher’s exact test is always chosen when dealing with a small sample size as in this study’s
case as two-way contingency chi-square test requires that any given cell have a minimum
frequency of five (69), which was not obtainable in our study for some haplogroups. Fisher’s

exact test was performed using the SAS/STAT® software.
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3. Results

3.1. Analytical results

Amelogenin analysis for Lokomotiv samples by Mooder et al. (2005) identified 15 males and
four females (22). Amelogenin analysis for Shamanka Il samples by Thomson (2005) identified
six males and one female (13), and another four Shamanka Il males and two females were
identified by amelogenin analysis as part of this study. For Ust’-Ida, 18 males and eight females
were identified by Mooder et al. (2006) through amelogenin analysis. Finally for Kurma XI, six
males and five females were identified by Moussa et al. (n/d) through amelogenin analysis
(Table 3.2). Appendix 3.5 (Table) illustrates the discrepancies between morphological and
molecular sex from all the four studied cemeteries.

Authentic Y-chromosomal results were obtained from a total of 36 males from the four
cemeteries are represented in (Table 3.2). Only results meeting the authenticity criteria are
included. The Lokomotiv cemetery showed a low success rate for Y-chromosomal analysis (7/17
males, 41%). However, higher success rates were obtained from the other cemeteries, Kurma XI
(6/7 males, 86%), Ust’-Ida (14/16 males, 87%) and Shamanka Il (9/9 males, 100%). Eight
individuals from Lokomotiv and 2 from Ust’-Ida did not give results. Three individuals (two from
Lokomotiv and one from Kurma XIl) did not have Y-chromosomal haplogroups assigned (marked
“not assigned” in Table 3.2), as some of the key SNPs (Figure 3.3) did not amplify either by
SNaPshot | or Il reactions. Three individuals from the LN-EBA (Ust’-Ida and Kurma XlI) cemeteries
show a previously undescribed polymorphism, L914SNP (T>G transversion) (Table 3.2).

Despite the low analytical success rate, Lokomotiv demonstrated the highest degree of
heterogeneity in Y-chromosomal haplogroup distribution with four individuals belonging to
haplogroup K-M9, two to haplogroup R1a1-M17 and one to haplogroup C3-M217. As
mentioned earlier (1.3.1) the Lokomotiv graves are grouped in seven clusters (Appendix 3.1-
Lokomotiv cemetery map) (23). Three males belonging to haplogroup K-M9 come from cluster
2 (LOK_1980.010.02, LOK_1980.016 and LOK_1980.022.02) and one comes from cluster 7
(LOK_1990.042). The two males belonging to haplogroup R1a1-M17 come from cluster 2
(LOK_1980.006 and LOK_1981.024.01), and the only male (LOK_1985.031.02) carrying C3-M217

Y-chromosomal haplogroup comes from cluster 4.
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All individuals from the other EN cemetery, Shamanka Il, belonged to one haplogroup, K-M9.
There are two main grave clusters in Shamanka Il (North West- NM and South East- SE), each of
these two clusters has ‘rows’ of graves, and a row is, as cited by McKenzie, H (2005) “at least
three closely associated parallel graves arranged in a more or less straight line” (88). Each of the
analyzed Shamanka Il males comes from a different row. SHA_2001.012 and SHA_2001.013.03
males come from ‘row H’. SHA_2002.021.02, SHA_2002.021.03, SHA_2002.023.04, and
SHA_2004.052.01 males come from ‘row F’. SHA_2004.044.02 male comes from ‘row K’. For
SHA_2005.059.01 and SHA_2006.083.01 males both come from scattered graves that do not
belong to a specific row (Personal communication with Dr. AW. Weber and Dr. V. |. Bazaliiskii,
2012 (89))

The Y-chromosomal haplogroups from the LN-EBA cemetery Ust’-lda, showed one individual
with haplogroup K-M9, two individuals (Other, L914 SNP) and the remaining eleven individuals
belonging to haplogroup Q-M242 and its sub-clade Q1a3-M346. In the other LN-EBA cemetery,
Kurma XI, one individual carried the L914 SNP and all remaining individuals belonged to Q-
M242/Q1a3-M346 (Table 3.2, Figure3.4). None of the analyzed individuals specifically from

Ust’-lda or Kurma XI belonged to sub-haplogroup Q1a2-M25.



Table 3.2. Amelogenin results, mtDNA and Y-chromosomal haplogroups from the male
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individuals belonging to the four studied cemeteries (Lokomotiv, Shamanka Il, Ust’-Ida and

Kurma XI).

No Cemetery & Master ID Morphological Molecular Mitochondrial DNA Y-chromosome
Sex Sex Haplogroup Haplogroup
Lokomotiv (EN)

1 LOK_1980.004 Female Xya D2 m.d.

2 LOK_1980.006 Male Xy Fe R1al-M17
3 LOK_1980.010.02 Male Xya Other @ K*-M9

4 LOK_1980.010.03 Female Xya Fa Not Assigned
5 LOK_1980.012 Female Xy A2 m.d.

6 LOK_1981.013 Male Xya D2 Not Assigned
7 LOK_1980.014.03 Immature Xya U5a? m.d.

8 LOK_1980.016 Male Xy D2 K*-M9

9 LOK_1980.017 Male Xya Az m.d.

10 LOK_1980.022.02 Male Xy ce K (2)

11 LOK_1981.024.01 Immature Xya Fa R1al-M17
12 LOK_1984.027 Male Xya D2 m.d.

13 LOK_1985.031.02 Male Xya Az C3-M217
14 LOK_1988.038.01 Female Xya Fe m.d.

15 LOK_1990.042 Male Xya G2a? K-M9

16 LOK_1990.044.01 Male Xya Fa m.d.

17 LOK_1990.044.02 Male Xya Fe m.d.

Shamanka Il (EN)

1 SHA_2001.012 Undetermined Xye D * K*-M9

2 SHA_2001.013.03 Probable Female Xy b Db K*-M9

3 SHA_2002.021.02 Male Xy® G2a * K*-M9

4 SHA_2002.021.03 Undetermined XY b A* K*-M9

5 SHA_2002.023.04 Undetermined Xy® D * K*-M9

6 SHA_2004.052.01 Probable Male XY D K-M9

7 SHA_2004.044.02 Undetermined XY C K-M9

8 SHA_2005.059.01 Male XY C K-M9

9 SHA_2006.083.01 Male XY C K-M9
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No Cemetery & Master ID Morphological Molecular Mitochondrial DNA Y-chromosome
Sex Sex Haplogroup Haplogroup
Ust'-Ida (LN-EBA)

1 UID_1987.005 Immature Xya Other? Other* (L914 SNP)
2 UID_1987.009 Immature Xya A2 Qla3*-M346

3 UID_1987.012 Male Xya D2 Qla3-M346

4 UID_1988.016.01 Male Xya Fa Qla3-M346

5 UID_1988.016.02 Male Xy Other 2 Qla3-M346

6 UID_1989.020.01 Male Xya ca Qla3-M346

7 UID_1989.026.01 Immature Xy A? Other* (L914 SNP)
8 UID_1989.029 Male Xy A2 Qla3-M346

9 UID_1989.030 Female Xya Az m.d.

10 UID_1990.033.01 Male Xy Other 2 Qla3-M346

11 UID_1991.038 Male Xy ca Qla3*-M346
12 UID_1993.043 Male Xy G2a? K*-M9

13 UID_1993.044.03 Immature Xy A2 Qla3-M346
14 UID_1994.048 Male Xy ce Qla3*-M346
15 UID_1994.053.02 Immature Xya A m.d.

16 UID_1994.055.02 Male Xya G2a? Q-M242

Kurma XI (EBA)

1 KUR_2002.001 Male XY D Not Assigned

2 KUR_2002.007.02 Male XY D Qla3*-M346

3 KUR_2002.010 Probable Male NA z Qla3*-M346

4 KUR_2002.015 Probable Male XY z Q1a3*-M346

5 KUR_2003.017 Probable Male XY D Q-M242

6 KUR_2003.018 Probable Female XY D Q-M242

7 KUR_2003.019 Probable Male XY F Other* (L914 SNP)

e m.d.= missing data, no results were obtained from these samples.
e K* Rlal*, Other*, Qla3* results were obtained through a single-plex PCR amplification reaction.

e Not Assigned: the data obtained were not adequate enough to assign a Y-chromosomal haplogroup.
e ?Molecular sexing and mtDNA haplogroup determined by Mooder (2004) (12).
¢ "Molecular sexing and for one sample mtDNA determined by Thomson (2005) (13).
e  *re-analyzed samples from Shamanka Il cemetery for more details (Chapter 4).
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Figure 3.4. A column chart representing Y-chromosomal haplogroup frequency distribution in
percentage for the four studied cemeteries (Lokomotiv, Shamanka Il, Ust’-Ida, and Kurma XI).

Table 3.3. Explanation to fig 3.4 (Number of male individuals from each of the four studied
cemeteries and the Y-chromosomal haplogroups they are assigned to).

Cemetery Ha;;g;gups c3 K R1al Q/Q1a3 ?Lt:fi)s
Kurma XI (n=6) 0 0 0 5/6(83.3%) | 1/6(16.6%)
Ust'-Ida (n=14) 0 1/14 (7.1%) 0 11/14 (78.6%) | 2/14 (14.3%)
Lokomotiv (n=7) 1/7 (14.3%) | 4/7 (57.1%) | 2/7 (28.6%) 0 0
Shamanka Il (n=9) 0 9/9 (100%) 0 0 0
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3.2. Statistical results

Fisher’s exact test results obtained from the two EN cemeteries, Lokomotiv and Shamanka Il,
showed a value (Fisher’s exact test; p=0.0625) close to the statistical significance level 0.05. This
might indicate a similar paternal background. However, the number of individuals analyzed may
not be representative of the entire male population from the two cemeteries, and analyzing
more male samples would be valuable.

The Fisher’s exact test obtained from the two LN-EBA cemeteries, Ust’-Ida and Kurma XI,
showed a strong statistical similarity (p=1.00), which is indicative of sharing the paternal origin
between these two LN-EBA cemeteries.

Fisher’s exact test obtained between Kurma XI vs. Lokomotiv and Kurma Xl vs. Shamanka I
showed significant statistical differences between them (p= 0.0023 and p=0.0002; respectively).
Similarly, Fisher’s exact test between Ust’-lda and Lokomotiv (p= 0.0002), and Ust’-lda and

Shamanka Il (p< 0.0001) also demonstrated a significant statistical difference.

4. Discussion

4.1. EN cemeteries populations’ archaeological context

Individuals from the two EN cemeteries of Cis-Baikal showed a Y-chromosomal haplogroup
distribution (Fisher’s exact test; p=0.0625), which approached a statistical significance level p
value of 0.05. The lack of Y-chromosomal haplogroup (only K-M9) variation in Shamanka Il is
striking. By contrast, there were three different Y-chromosomal haplogroups (K-M9, R1al1-M17,
C3-M217) among the seven individuals represented at Lokomotiv, which indicates a high level
of paternal heterogeneity at this cemetery. The statistics suggest a relatively close paternal
biological relationship between the two EN communities. The two EN cemeteries are located on
two different micro-regions in Cis-Baikal area, Lokomotiv on the Angara River Valley and
Shamanka Il on the South Baikal region. Stable isotope ratios, reflecting diet, from the two
micro-regions show different signatures depending on the different types of fish and aquatic
foods available in each area. Individuals from Lokomotiv and Shamanka Il would be expected to
show different stable isotope signatures because they are far apart from each other and
located on two different fisheries, Lokomotiv on the riverine Angara and Shamanka Il on

lacustrine Lake Baikal. However, Lokomotiv and Shamanka Il show similarity in their stable
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isotope signatures (613C and 6'°N). These two large EN populations probably had similar
adaptive strategies and access to both fisheries, the Angara and Baikal. Also, this can be an
indication for an interaction between the populations of these two EN cemeteries (5).

As explained earlier (1.3.1), while there are common characteristics, such as use of red ochre as
a mortuary ritual and common grave inclusions, between the two EN cemeteries (Lokomotiv
and Shamanka Il), there are differences in mortuary rituals and grave goods morphology (26).
The differences between Lokomotiv and Shamanka Il might also be relevant to Lokomotiv being
heterogeneous in paternal Y-chromosomal haplogroup distributions. Further investigation of
other male individuals from Lokomotiv and Shamanka Il, to detect if the variation in haplogroup
distribution would increase or decrease with increasing the sample size and if other Y-
chromosomal haplogroups would be detected in Shamanka I, is necessary because the Y-
chromosomal results from both EN cemeteries (Lokomotiv and Shamanka Il) might be biased by
the small sample size (Lokomotiv, n=7, and Shamanka Il, n=9).

Lokomotiv show a high degree of variability in strontium isotope ratios within and between
individuals proposing differences in mobility during the individual’s life (20). Bone and teeth
strontium isotope ratios from Lokomotiv (Fig. 3.5) showed a degree of inconsistency between
individuals, suggesting differences in mobility between the individuals. Linking this variability to
the Y-chromosomal haplogroup results at the individual level we observe that the only three
males belonging to haplogroup K-M9 (LOK_1980.010, age 20-25 years, LOK_1980.016, age 45-
55 years and LOK_1990.042, age 40-50 years) did not show a high degree of variability in
87Sr/85Sr between bones and teeth suggesting lower mobility during their lifespan. By contrast,
the only male in the EN population belonging to haplogroup C3-M217 (LOK_1985.031.02, age
25-30 years) demonstrated a strikingly different 8Sr/2Sr ratio from the other three individuals
at Lokomotiv from whom both strontium isotope and Y-haplogroup analysis is available. This
suggested that he was born in one location, and although buried in the Lake Baikal area, spent
his adulthood outside the region as his 8’Sr/2¢Sr from femur is quite different to the other 16
individuals at Lokomotiv. Unfortunately, no further information could be gleaned about this
individual. He was buried in a double grave in Cluster 4 (38) and therefore unlikely to be ‘elite’

because Mooder (2006) suggested that in the EN culture (Kitoi culture) ‘elite’ people were
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buried in a single grave and mostly clustered in Cluster 2 of the Lokomotiv cemetery (38). The
other individual (LOK_1985.031.01, age 35-50 years) buried with the C3-M217 male
(LOK_1985.031.02), in a double grave, had an undetermined morphological sex (70).

For Shamanka Il, no strontium isotope data from Shamanka Il has been published yet.
Regarding the Shamanka Il individuals buried in different rows as was mentioned earlier in
section (3.1) of this chapter, the assessment of Y-chromosome data and that all Shamanka Il
males beong to haplogroup K-M9 revealed no further patterning. However, this insight could
change with investigating sub-haplogroups of K-M9 and with analyzing more Shamanka Il

males.
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Figure 3.5. Strontium isotope ratios (8/Sr/2Sr) measured in M1 (Molar 1), M2 (Molar 2), M3
(Molar 3) and Femur from Lokomotiv and Ust’-Ida individuals, the ‘x’ axis provides information
about the burial numbers and sex and age of the individuals (B=burial, M=male, F=female,
PM=probable male, and UND=undetermined sex). The ‘y’ axis represents the &'Sr/2°Sr ratios.
The individuals, with their Mastr IDs, circled and stared with red are the ones that Y-
chromosomal results have been obtained from them (20).

Adapted with permission from [Identifying Hunter-Gatherer Mobility Patterns Using Strontium
Isotopes. C.M. Haverkort, V.I. Bazaliiskii, N.A. Salvel’ev. University of Pennsylvania Museum.
Copyright © 2010 Courtesy of the Penn Museum].
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4.2. LN-EBA cemeteries populations’ archaeological context

Individuals from the two LN-EBA cemeteries (Ust’-Ida and Kurma XI) showed no significant
differences in their Y-chromosomal haplogroup distribution (Fisher’s exact test; p= 1.00) with
haplogroup Q-M242 being the predominant in both populations (n=11/14 individuals in Ust’-
Ida, and n=5/6 individuals in Kurma Xl). Ust’-lda and Kurma XI belong to two different micro-
regions in the Lake Baikal area (Figure 3.1). Y-chromosomal haplogroups from Ust’-Ida were
obtained from 12 LN and two EBA individuals. All Kurma Xl individuals from whom Y-
chromosomal haplogroups were obtained belonged to the EBA period. There are many
differences between the two cemeteries including mortuary rituals, grave structure and types
as described previously (1.3.2).

Individuals of all ages, including subadults and adults, are buried at Ust’-Ida. However, at Kurma
Xl there were no individuals under the age of 15 or older than 50 years, which might hint that
this is an ‘exclusive’ cemetery rather than a community burial ground (34). The two males
(UID_1987.005 and UID_1989.026.01), who carry the Y-chromosomal L914 SNP in

Ust’-lda, are both juvenile (Table 3.1 and table 3.2). One male (UID_1987.005) was buried in a
single grave, but the other male (UID_1989.026.01) was buried in a multiple grave. The only
individual in Kurma Xl carrying the Y-chromosomal L914 SNP (KUR_2003.019) was a young adult
and was in one of the three sitting position graves at Kurma XI. There was no obvious relation
between the two individuals at Ust’-lda carrying the Y-chromosomal L914 SNP as both had
different mtDNA haplogroups (Table 3.2). One was buried in a single grave (UID_1987.005)
while the other was buried in a multiple grave (UID_1989.026.01). The Kurma Xl individual
(KUR_2003.019) carrying Y-chromosomal polymorphism L914 belonged to mtDNA haplogroup F
(Table 3.2). However, unfortunately, no Y-chromosomal haplogroup data were obtained from
the other two sitting burials in Kurma XI (i.e. samples did not amplify after several trials) to
compare them genetically to each other.

The Strontium isotope ratios of individuals from Ust’-Ida show a low variability when compared
to Lokomotiv individuals, which might suggest a lower mobility during lifetime (20).

Unfortunately, no Strontium isotope data have been published for Kurma XI individuals yet.
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Despite the many differences in burial practices and mtDNA haplogroup distribution between
either LN Ust’-lda or EBA Ust’-lIda and Kurma XI (Chapter 2), the Y-chromosomal haplogroup
frequency and distribution is very similar, implying that both Ust’-Ida and Kurma XI had a similar
paternal origin.

4.3. Correlation between maternal and paternal background in Cis-Baikal EN

and LN-EBA populations

Comparing the Y-chromosomal haplogroup distribution findings to the mtDNA haplogroup
distribution reflecting the paternal and maternal background might provide insight into the
genetic relationship between the individuals in the various Cis-Baikal cemeteries. In Lokomotiv,
the two individuals (LOK_1980.006 and LOK_1981.024.01) carrying R1a1l-M17 Y-chromosomal
haplogoup, both belong to mtDNA haplogroup F (22), and both are buried in cluster 2. These
two males might be related but have insufficient evidence at present as there is a lack in other
DNA sequence data, autosomal DNA analysis. The only individual at Lokomotiv
(LOK_1985.031.02) with the Y-chromosomal haplogroup C3-M217, had the mtDNA haplogroup
A, presented at a low frequency (13%, n=4/31) in Lokomotiv (22). This individual also showed
different strontium isotope ratios, indicating a higher degree of mobility than other Lokomotiv
individuals (20). Does his uncommon genetic background and unique strontium isotope ratio
imply that he was from outside the Lokomotiv locality? All three individuals at Lokomotiv
carrying the K-M9 Y-chromosomal haplogroup carried different mtDNA haplogroups (22) (Table
3.2), so no connection between maternal and paternal genetic background can be concluded.
All males in Shamanka Il cemetery belong to one Y-chromosomal haplogroup (K-M9), although
there are five different mtDNA haplogroups represented (Table 3.2). The lack of variation in Y-
chromosomal haplogroups in this population makes it difficult to draw conclusions about the
genetic relationship between the individuals because they might be all related paternally, but
further Y-chromosomal analysis would be required to analyze sub-haplogroups of K-M9.

In the Ust’-Ida burials, one major Y-chromosomal haplogroup, Q-M242/Q1a3-M346, is
represented. The exceptions were two individuals (UID_1987.005 and UID_1989.026.01) with
the novel Y-chromosomal SNP, L914 and one male (UID_1993.043) with the K-M9 haplogroup.
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The two males in Ust’-Ida (UID_1987.005 and UID_1989.026.01) carrying the L914 SNP belong
to different mtDNA haplogroups (Other and A, respectively) (Table 3.2). This finding indicates
that there is no maternal relation between these two Ust’-lda individuals carrying Y-
chromosomal L914 SNP. Also, 83.3% (n=5/6) of males in Kurma XI belong to Y-chromosomal
haplogroup Q-M242 or its sub-haplogroup Qla3-M346. These males belong to either mtDNA
haplogroup D (three individuals) or Z (two individuals), and the only male carrying Y-
chromosomal polymorphism L914 has a different mtDNA haplogroup than the other males, F
(Table 3.2). mtDNA haplogroup F is present in 25% (n=3/12) of individuals in the EBA Kurma XI
cemetery sample (Chapter 2). The other two individuals carrying the mtDNA haplogroup F are
females, and there are no other males in Kurma XI cemetery carrying Y-chromosomal
polymorphism L914. Therefore, no relation can be drawn between mtDNA and Y-chromosomal

haplogroups’ distributions at the mean time.

4.4. Genetic context of the Cis-Baikal prehistoric population and the connection

with the modern populations

The modern Cis-Baikal populations carry a heterogeneous distribution of Y-chromosomal
haplogroups, each with a different origin and composition.

Haplogroup K-M9 is represented in both EN cemeteries (57.1%, n=4/7) in Lokomotiv and 100%,
n=9/9 in Shamanka Il), but with low frequency in the LN-EBA cemetery Ust’-lda (7.1%, n=1/14)
and absent in Kurma XI. It is believed that the origin of haplogroup K-M9 is from Southwest Asia
(71). K-M9 is found with high frequency in south Siberian populations, for example, in the
Tuvans and Mongolians and is also found in one central Asian population (Uigur) (72). K-M9 is
an ancient haplogroup with an estimated age of 40,000-53,900 years. Haplogroup K with its
designated M9 mutation is considered the ancestral haplogroup that defines each of L, M, NO,
P, S and T haplogroups (54).

The second Y-chromosomal haplogroup found in high frequency in the LN-EBA populations is Q-
M242 or its sub-haplogroup Qla3-M346. Haplogroup Q-M242/Q1a3-M346 is found in 78.6%
(n=11/14) of Ust’-Ida individuals and in 83.3% (n=5/6) of Kurma Xl individuals. The approximate
age of this haplogroup is 17,700 + 4,800 years. Haplogroup Q-M242 is widely distributed across

Siberia (58), and it is also widely distributed in Central to South Asia, West Eurasia and northern
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East Asia, which might be indicative of Q-M242 expansion through northern Eurasia as a
migratory route (73). Individuals carrying haplogroup Q-M242 might have migrated from
Siberia via the Altai/Baikal area to the Americas (74-76), which suggests the presence of this
haplogroup in the area just after the Last Glacial Maximum (59). A study done by Malyarchuk,
B. et al. (2011) examining several northern East Asian sub-haplogroups of Q-M242, showed that
Q1la3-M346 is more frequent than other sub-haplogroups (Qla-MEH2, Q1a2-M25 and Qla3a-
M3) in Siberian populations. Q1a3-M346 is found is widely distributed in the Altaians, Todjins
and Tuvinians, moderately distributed in Khakassians and Sojots, and rarely found in the
Kalmyks population (59).

Haplogroup R1al1-M17 was identified in 28.6% (n=2/7) of males in the Lokomotiv population.
This haplogroup is not only defined by the M17 marker, but also by M173 marker (53,54). R1al
is widely distributed in Eurasia, including western Eurasia, southern Asia, central Asia and the
Siberian population, particularly southern Siberia. It is believed that the R1al haplogroup is
associated with the early migration of the Indo-Europeans eastward (77). The estimated age of
R1a1-M17 is about 13,800 cal BP as estimated by the SNP evolution rate (78). It is also widely
distributed in the southern and northern modern Altaian population (79). R1a1l-M17 is found in
the Tuvinian population (80), Khakassian population (81), and in the native Yakuts of the Sakha
Republic (82). In prehistoric populations, the presence of the R1al-M17 haplogroup was
evident in the ancient Kurgan culture, a Late Bronze Age culture (5000 BC) found in southern
Siberia. Twelve males analyzed from the ancient Kurgan people belong to R1al-M17
haplogroup except for one belonging to C3 (83).

Haplogroup C3 is defined by the M217 SNP on the Y-chromosome. Only one C3 individual was
found in the Cis-Baikal population. However, it is detected in several parts of Asia including the
Central, South, Southeast and East of Asia, and also in Siberia and the Americas. There are many
sub-haplogroups of C3 (84), but these were not investigated in this study. The haplogroup
dated back in Siberia to 11,900 + 4,800 years ago. A possible source of this haplogroup in
Siberia is Mongolia and/or Lake Baikal (85).

The L914 SNP, a previously undescribed (T> G) transversion, was found in three LN-EBA
individuals. In one of the Ust’-Ida individuals (UID_1989.026.01), L914 SNP was amplified in two
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different samples, one bone (2009.190) and one tooth (2001.547). For the other Ust’-lda
individual, L914 SNP was amplified twice in two different occasions from the same bone sample
(2009.177) (Table 3.1 and table 3.2). Reproducible results were also obtained from the Kurma
Xl individual defining L914 SNP (KUR_2003.019). These findings indicate that the L914 is a novel
authentic SNP site on the LN-EBA individuals from Cis-Baikal prehistoric population. L914 SNP
does not define a specific Y-chromosomal haplogroup and is not cited in the modern world
population, which might indicate that this is a rare mutation site that is not defined yet.

No further statistical analysis (e.g. comparing the ancient populations genetically to the modern
populations) was possible due to the small number of results obtained from each of the four
cemeteries (Lokomotiv, Shamanka Il, Ust’-Ida and Kurma XlI). Therefore, analyzing more
samples from the cemeteries would allow for further investigations on the ancient populations

of Cis-Baikal and comparing them genetically to the modern Siberian populations.
5. Conclusion

The EN and the LN-EBA populations at Lake Baikal might be paternally genetically distinct;
however, this insight might change with analyzing more males from all the mentioned
cemeteries as the number of males obtained in this study may not be representative of the
entire population. The earlier conception of the biological discontinuity between the EN and
the LN to EBA groups in the Cis-Baikal area suggested by Weber et al. (1995 and 2002) (1,86)
might be supported now from the analysis of the paternal background of the area. The
differences in the Y-chromosomal signatures of the EN and LN-EBA suggest displacement of
males in the Cis-Baikal population during the EN period and replacement by a genetically
different population during the LN and EBA. As shown in the results, there is little resemblance
in the Y-chromosomal haplogroups shared between the EN and LN-EBA. There might be a
similarity in Y-chromosomal haplogroup distribution between the two EN (Kitoi culture)
cemeteries (Lokomotiv and Shamanka Il), which might indicate a common paternal ancestor
and possible social interaction, even if the new mtDNA data from Shamanka Il showed that
Lokomotiv and Shamanka Il are maternally different from each other (Chapter 2). Sharing a
common paternal ancestor between Lokomotiv and Shamanka Il needs to be further

investigated through analyzing more male samples from both cemeteries (Lokomotiv and
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Shamanka Il) as the results might be biased due to the small sample sizes from both cemeteries.
The Y-chromosomal haplogroup distribution of the two LN-EBA cemeteries is similar, indicating
a unified paternal origin for the area during the LN-EBA period. Interestingly; however, the
mtDNA haplogroup distribution in EBA Kurma Xl is different from LN Ust’-lda and also from EBA
Ust’-lda (Chapter 2). Based on Y-chromosomal haplogroup analysis of both the EN and LN-EBA
cemeteries, it is clear that the Y-chromosomal haplogroups of the prehistoric Cis-Baikal
population are represented in the contemporary Siberian populations. The haplogroups found
in the prehistoric study groups can mark migration events from the Lake Baikal area to the
south towards Mongolia, and the Altai Republic as for haplogroup C3-M217 and R1al-M17,
respectively. Furthermore, the ancient hunter-gatherer groups that inhabited Lake Baikal
played a major role in the formation of the Native American tribes evident in the existence of
sub-haplogroup Q1a3 in the LN-EBA people. This is evident in the high frequency of sub-
haplogroup Qla3a-M3 in the Native American population (87). The sister sub-haplogroup of
Qla3a-M3 is sub-haplogroup Qla3-M346 (59), which is identified in the LN-EBA populations.
Analyzing more male samples would be beneficial to observe possibly other males carrying Y-
chromosomal haplogroup C3-M217 and compare their strontium isotope ratios to examine if

these males share similar mobility levels.
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1. Introduction

There are several challenges in the retrieval and analysis of DNA from ancient specimens.
Exogenous contamination is the most critical issue that compromises the authenticity of
retrieved ancient DNA (aDNA) (1). Contamination can occur from the time of specimen
excavation until the time of DNA extraction and analysis. Sources of contamination include
human contact (excavators, examiners, laboratory personnel) and any reagents used during
extraction or analysis (2). Cooper and Poinar introduced nine criteria for ancient DNA
laboratories to follow in order to avoid contamination (3). Failure to follow these criteria may
jeopardize the authenticity of results (4).

In addition, aDNA samples, either bone or teeth, may contain PCR inhibitors co-purified during
extraction, which interfere with the PCR amplification process. PCR inhibitors make aDNA
amplification extremely challenging and sometimes impossible. Thus, removing these inhibitors
is essential to ensure successful PCR amplification (5-7). The common PCR inhibitors that are
co-extracted with aDNA from hard tissues (bone and teeth) include humic acid (8), fulvic acid
(9) and collagen type | (10). Extraction and amplification methods have been developed to
significantly reduce these inhibitors (11,12).

When an organism dies, mutations and chemical changes accumulate in the DNA (13). DNA
preservation depends on several variables such as environmental temperature and humidity
(14). Dry weather and low temperature favor good DNA preservation presumably because they
decrease the rate of destructive chemical processes (15), but may also depend on the location
of the burial site and preservation conditions such as the depositional environment (16). Using
gas chromatography/mass spectrometry, Hoss et al. (1996) measured the amount of damage in
aDNA samples taken from cold regions and warm regions. They found that low temperature is
an important factor for good long-term preservation, and the degree of DNA decay would
decrease 10 to 25 folds for every 20 degrees C decrease in temperature (15). aDNA can be
preserved from complete decay at an optimum temperature of 15 degrees C or less, and at

optimum pH level 7.0 in dry conditions with very limited humidity (16).
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Regardless of temperature and humidity, the burial environment still induces several types of
DNA damage, including oxidation, alkylation and cross-linking, through natural agents such as
microorganisms, ionizing and UV radiation (17).

The surrounding environment may cause DNA oxidation or hydrolytic damage. Over time,
natural ionizing radiation degrades fully dehydrated DNA into shorter segments specifically by
depurination and oxidative damage (1,13). DNA from ancient remains is also highly fragmented
and cross-linked due to single and double stranded breaks (18). Invasion of decaying remains by
putrefactive microorganisms and soil microorganisms accelerate the DNA decaying process in
either soft or hard tissue (19).

Despite all the obstacles associated with aDNA analysis, the successful retrieval and analysis of
aDNA is still possible. There are several examples documented in the literature indicating that
aDNA can be successfully retrieved from ancient human samples using advanced sequencing
technologies, for example, aDNA was obtained from 12,707-12,556 calendar years Before
Present (BP) infant child remains from the Late Pleistocene Clovis burial site in western
Montana, indicating that this individual belonged genetically to the ancestral population of
many contemporary Native Americans (20). Moreover, DNA has been obtained from
Neanderthals, the sister group of modern humans (21) who disappeared from the fossil record
about 30,000 years ago (22), revealing evidence of their interbreeding with modern humans
(21). aDNA was also retrieved from an archaic hominid found in the Denisova Cave ‘Denisovans’
in the Altai Mountains suggesting that Denisovans differ genetically from Neanderthals and
present-day humans (23).

Reliable extraction methods have been developed to retrieve aDNA from human bones, teeth,
and soft tissues (11,15,24). Increasingly sensitive PCR based technologies have facilitated the
use of aDNA analysis in archaeological material and have helped reveal the genetic background
of vanished populations. However, highly damaged aDNA causes an inverse relation between
amplification efficiency and the size of the amplified product, which sets a limit on the length of
the PCR amplification performed to only few hundred base pairs (25,26). A DNA sequence of

more than a few hundred base pairs is most likely to be exogenous modern DNA (27).
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In our aDNA laboratory, we follow strict criteria to avoid contamination with exogenous
modern DNA and to ensure the authenticity of the results (3) by use of protocols designed to
detect any contaminating DNA sequences. In preparation for this project, | have optimized
several new aDNA extraction and PCR amplification techniques to address the technical

challenges during sample analysis.

2. Contamination

2.1. Laboratory design

The ancient DNA laboratory was designed according to published guidelines for working with
ancient DNA (3). It is located in the basement of the Medical Laboratory Sciences building. The
laboratory at the University of Alberta consists of two separate rooms; the first room (the clean
room) is dedicated to sample preparation, DNA extraction and preparation of PCR
amplification. It is important to mention that a biological safety cabinet (Class Il, Type A2,
Thermo Scientific, USA) was installed in the ancient DNA laboratory in 2012. The biological
safety cabinet decreases the chances of contamination by protecting the samples from being
contaminated with the exterior airflow since the air flowing in the cabinet is sterile HEPA-
filtered air. Prior to installing the new cabinet, two Dead Air Box workstations were used, one
for DNA extraction and the other for PCR amplifications.

Prior to entering the clean room, researchers dressed in gowns, booties, sterile sleeves, gloves,
masks and goggles. After entering the clean room another set of gloves was worn and sprayed
with 30% (v/v) bleach (sodium hypochlorite).

The second room (post-PCR room) houses a thermo-cycler and gel electrophoresis equipment.
2.2. Summary of DNA extraction methods used previously

Former researchers in the aDNA laboratory used sample preparation and extraction methods
adapted from published protocols to minimize the risk of contamination with extraneous DNA
and to reduce the amount of PCR inhibitors in the extracted aDNA (28-34). The sample surface
was decontaminated thoroughly. First, the outer surface of either bone or tooth sample was
removed using a sterile scalpel. Then, the sample was immersed in 10% bleach, and finally the
sample was UV irradiated for one hour. Boom’s (1990) extraction method was the protocol

used previously (29,33,34). This method involved incubating the sample with extraction buffer
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(guanidium thiocyanate, 0.1 M Tris pH6.4, 0.5 M EDTA and Triton X-100) overnight in a 65
degree C water bath (Day 1). Then followed the silica binding step (Day 2) that involved
incubating the sample supernatant from Day 1 with 500 ul extraction buffer and 40 ul silica on a
rotator for two hours. The silica pellet was washed once with a wash buffer (guanidium
thiocyanate and 0.1 M Tris pH6.4), then with 70% ethanol and finally with acetone. After
leaving the silica pellet to dry, the DNA was eluted from the silica with 100 ul water through
incubating the silica pellet plus water in a 56 degree C water bath for one hour (35). Then the

resulting DNA was used for further PCR amplification reactions.
2.3. Contamination detection

The analysis of aDNA, particularly when analyzing human specimens, carries an exceptionally
high risk of contamination that can occur from the time of field excavation to the time of DNA
extraction and amplification. During the PCR amplification process, any modern exogenous
contaminant DNA is preferably amplified over the degraded small amount of aDNA (3).
Therefore, to detect any possible contamination several negative controls are applied during
DNA extractions and PCR amplifications.

Throughout this project, great care was always taken to minimize the risk of contaminating the
samples. Detection of contamination is facilitated by the use of negative controls. A negative
control is a sample that is treated the exact same way as an ancient sample and undergoes all
steps in either the DNA extraction or PCR amplification experiments, but no DNA is added to
the negative control throughout the experiments. An amplification product appearing in the
negative control where no DNA was added is taken as evidence of contamination.

2.4. Procedure for investigation of an incidence of contamination

In February 2009, contamination was determined in the Extraction Blank (EB) when a 176 bp
amplicon was detected. This corresponds to the amplicon size of the mtDNA sequence after
amplification with L16211 and H16346 primers (Chapter 2), when visualized on polyacrylamide
gel. The EB is the negative control for the extraction procedure. It is subject to the entire
extraction procedure but no bone or tooth powder (sample) is added. In this case, identifying
the source of the contaminating mtDNA amplicon in the extraction procedure was crucial.

Possible sources of contamination in the ancient DNA laboratory include any equipment,
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pipettes, or reagents, either the extraction or the PCR amplification reagents. All work on the
ancient samples was suspended during the contamination detection process to avoid further
contamination of the ancient samples.

First, swabs were taken from different areas in the clean room including the sides and base of
Dead Air Box workstations where extraction and PCR amplification preparation were
performed, centrifuge, pipettes (10 ul, 100 pl and 1000 pl), tubes, mortars and pestles used to
pulverize the samples. Prior to use, the cotton swabs (Fisher Scientific, NY, USA) were sterilized
by autoclaving. The swabs were dipped in tubes containing 1000 pl extraction buffer and
incubated in a 65 degree C water-bath overnight, following the DNA extraction protocol used
for ancient samples (35) at that time. Then, the PCR amplification procedure, used for the
aDNA-extracted samples, was applied to all swab extracts (30,31). After running the samples on
a 12% polyacrylamide gel, there was evidence of widespread low-level contamination in the
clean room as several swabs demonstrated the presence of the 176 bp mtDNA amplicons. For
example, some pipettes showed contamination but not the mortars or pestles. However, this
finding did not pinpoint the source of contamination. Therefore, a further investigation was
undertaken to detect whether the source of contamination was the reagents used during the
extraction protocol.

To test out the extraction reagents, two factors were taken into consideration. Firstly, the
extraction procedure was performed in a biological safety cabinet in another laboratory to
eliminate the risk of contamination from the equipment in the clean room. Secondly, because
the ancient samples are very valuable and irreplaceable, another non-human DNA sample was
used to investigate the possible source of contamination. With the help of Dr. Linda Chui
(Department of Laboratory Medicine and Pathology, University of Alberta), bacterial DNA was
extracted using the same Boom’s (1990) silica-guanidinium thiocyanate extraction protocol
used previously for aDNA samples (35). Two different strains of bacteria were used
(Corynebacterium diphtheriae (Bacterial strain given by Maria Ackney) and Escherichia coli
(Bacterial strain given by Dr. Linda Chui)), and the extractions were performed in Dr. Chui’s
laboratory (36) at the Provincial Laboratory for Public Health, University of Alberta Hospital. The

extraction procedure was conducted using the same reagents used with the ancient samples.
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The PCR amplification was carried out as described in Mooder et al. (2005, 2006) (30,31) but
with the 16S universal primers (Invitrogen,NY, USA). The 16S universal primer is a primer
designed to amplify the 16S ribosomal bacterial DNA gene, and it is widely used in bacterial
phylogenetic studies (37), because this area is highly conserved in several species of bacteria
(38). The PCR products were visualized by polyacrylamide gel electrophoresis. The extraction
buffers were eliminated as a source of contamination because the two EBs showed no evidence
of any DNA while bacterial DNA amplicons of the correct size were visible in the bacterial
extractions.

The experiments suggested that the source of contamination was most likely the laboratory
equipment and environment (i.e. the air in the clean room as the clean room does not have a
separate ventilation system). Hence, the laboratory equipment and the Dead Air Box
workstations for preparing the samples were all cleaned thoroughly (described later in section
2.4.1). Before continuing any further analysis on the ancient samples, new aliquots were
prepared for the PCR amplification reagents including: MgCl,, 10 X PCR buffer, dNTP and BSA.
At this time, the Platinum Tag DNA polymerase and mtDNA primers (L16211, H16346) were not
replaced with new aliquots to determine if they were the source of contamination.

To test whether the Platinum Tag DNA polymerase and/or the mtDNA primers (L16211,
H16346) were contaminated, PCR amplification was performed, according to the protocol of
Mooder et al. (2005) (30), in which the mtDNA primers (H16346, L16211) should not anneal
with the bacterial DNA. No DNA was added to any of the PCR amplification reaction tubes in the
clean room. The samples were transferred to the post-PCR room, where the bacterial DNA
extract and modern human DNA positive control were added as a confirmatory step to
demonstrate whether the PCR reagents were contaminated (bacterial DNA extracts) and that
the PCR amplification reaction was performing properly (human DNA positive control). After
running the PCR products on a polyacrylamide gel, two of the bacterial extracts showed
evidence of contamination with the appearance of very faint bands with the size of 176 bp
corresponding to the amplification of mtDNA region that the H16346 and L16211 primers were
designed to amplify. There was no evidence of contamination in the negative controls including

the EBs prepared during the bacterial extraction. The presence of amplicons corresponding to
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the mtDNA region in the bacterial DNA extracts confirmed the presence of a random low level
of DNA contamination in the laboratory.

mtDNA primers and the Platinum Tag DNA polymerase, reagents not replaced by fresh aliquots,
were also considered as a possible source of contamination. The same PCR was repeated but
replacing the mtDNA primers with amelogenin primers (Amel 1 and Amel 2) (39). After running
the PCR products on a polyacrylamide gel, no amplification product was detected in either the
bacterial DNA or the EBs, and the only amelogenin amplicon detected was from the female
positive DNA control (at 106 bp).

From these experiments | was able to demonstrate that 1) there was DNA contamination at a
low level on laboratory equipment, 2) that the extraction reagents showed no evidence of
contamination 3) the mtDNA primer set was contaminated while the Tag polymerase was not.
Tracking contamination was a time-consuming exercise that took about six months until ancient
samples were analyzed with confidence again in the clean room. However, knowledge of a
strategic technique in tracing back and identifying the source of contamination was gained to
help avoiding future contamination problems. This was the most difficult issue dealt with
through out this project, and one that could jeopardize the authenticity of the results.

2.5. Preventing contamination

Following this contamination issue, several new procedures were implemented in the ancient
DNA laboratory and all experiments conducted in it.
2.5.1. Preventing contamination in the clean room and its equipment

a. The two sets of pipettes, (one for DNA extraction and one for PCR amplification),
were replaced with new sets of pipettes (Eppendorf™ Research Pro Pipettes,
Ontario, Canada)

b. Routine cleaning of the clean room was performed every two to three months,
wiping the benches and the Dead Air Box workstations with concentrated (100% v/v)
bleach (sodium hypochlorite), then washing them with HPLC grade water.

c. The clean room benches, the extraction and the PCR Dead Air Box workstations, the
bone preparation hood and the centrifuge were all cleaned between each single

usage with daily-prepared 10% (v/v) bleach (bleach destroys any contaminating DNA
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from a variety of surfaces (40)). In October 2012, the extraction and PCR Dead Air
Box workstations were replaced with a Class Il (Type A2) biological safety cabinet
(Thermo Scientific™, USA). The floor of the biological safety cabinet is made of
stainless steel and bleach is not recommended for stainless steel. Therefore, two
chemical resistance trays were used (Fisher Scientific, Ontario, Canada) (one for DNA
extraction and one for PCR set-up) as bases to perform DNA extractions and PCR
amplifications on them. The trays were washed with 100 % (v/v) bleach then rinsed
with HPLC water and finally autoclaved at 121 degrees C for 30 minutes before
starting to use them. Also, the trays were bleached regularly before taking them
inside the biological safety cabinet and UV irradiated for four hours after each usage.
The usage of the trays protected the stainless steel floor of the biological safety
cabinet from being corroded. The floor and the sides of the biological safety cabinet
were cleaned with 70% ethanol before and after usage.

. The bone preparation hood was cleaned, from all sides, with concentrated bleach
(100% v/v or 12% w/v bleach or sodium hypochlorite) between each sample
preparation to avoid cross contamination between samples.

Sterile and filtered pipette tips were purchased instead of autoclaving non-sterile
pipette tips.

Sterile disposable spatulas were used to collect bone or tooth powder after
pulverization to avoid cross contamination between samples.

Supplies, not originally sterile, were sterilized by autoclaving for 30 minutes at

121 degrees C. These included tubes, gauze, tube racks and boxes, mortars

and pestles.

. The extraction and the PCR hoods were exposed to UV irradiation for four

hours instead of one hour (41) to ensure maximum removal of any

contaminating DNA. The same procedure was performed on the biological

safety cabinet. UV irradiation destroys DNA and is effective in reducing DNA

contamination from surfaces and reagents (41).
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2.5.2. Preventing contamination from ancient samples

Slight modifications have been made to the cleaning process of bone and teeth samples, from
the procedure previously described (29,33,34), to ensure complete decontamination of the
sample surfaces from exogenous modern DNA or bacterial DNA.
a. The outer surface of the vertebral bone samples, after cutting the processes
with a sterile saw, was scraped with a sterile scalpel. Then, the samples
were immersed for 10 minutes in 16.7 % (v/v) bleach instead of 10% (v/v)
bleach, which was shown to be insufficient to decontaminate bone or teeth
samples (40). According to Kemp and Smith (2005) “...bone must be immersed in at
least a 2% [w/v, which equals 16.7 % v/v bleach] sodium hypochlorite solution...to
remove contamination from its surface” (40). The bleach was removed
from the samples by immersing them in HPLC grade water for five minutes. Samples
were then left to dry in the hood and exposed to UV irradiation for one hour on
each side.
b. The outer surface of the teeth samples, after cutting the crown with a sterile
saw, was removed with a sterile scalpel. Then, the root was immersed in 50%
(v/v) bleach for 10 minutes, and rinsed with HPLC water. Kemp and Smith
(2005) indicated that immersing bones or teeth samples in even 100 % v/v bleach
would not destroy endogenous DNA in ancient samples because DNA binds to the
hydroxyapatite that comprises the majority of the bones’ and teeth’s matrix (40).
Therefore, immersing the teeth samples in 100% v/v bleach for 10 minutes
was first tried, but no DNA was obtained from these samples. Thus, the
concentration of bleach, for teeth samples, was reduced from 100% v/v to
50% v/v, which is still effective in decontaminating the teeth surface according to
Kemp and Smith (2005) (40). The wet teeth samples were left to dry while being

exposed to UV irradiation for one hour on each side.
2.5.3. Preventing contamination from extraction and PCR reagents

Extreme care was taken to avoid contamination in the extraction and the PCR amplification

reagents while maintaining their integrity.
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a. All glassware used to prepare reagents was washed with concentrated
(100% v/v) bleach and detergent rinsed with Milli-Q water several times, and then
autoclaved for 30 minutes at 121 degrees C.

b. Before adding the proteinase K to the extraction buffer (11), the buffer was filtered
using a sterile PVDF filter (0.22 uM, Millex- GV, Sigma-Aldrich, Ontario, Canada) then
autoclaved for 20 minutes at 121 degrees C.

c. The binding buffer was autoclaved for 20 minutes at 121 degrees C before

adding the guanidium thiocyanate (GuSCN) because the GuSCN degrades
when autoclaved (GuSCN, MSDS).

d. The washing buffer, before the addition of ethanol, and the silica suspension were
autoclaved for 20 minutes at 121 degrees C.

e. The TE buffer used for DNA elution and the silica suspension were UV irradiated for
15 minutes before use.

f. The PCR reagents were aliquoted into small volumes and the PCR 10X buffer,
dNTPs, MgCl; and BSA were UV irradiated for 10 minutes before preparing the PCR
amplification mixture. Neither the primers nor the Tag DNA polymerase were UV
irradiated, as the UV irradiation might cause the formation of pyrimidine dimers in
the primers and deactivate the Tag DNA polymerase (41).

All protocols were followed by laboratory personnel working with the ancient samples to
minimize the risk of contamination with exogenous modern DNA or cross contamination
between samples.

2.5.4. PCR amplification protocol modifications

To reduce false positive results associated with excessive PCR cycles, the number of PCR cycles
was reduced from 50 (31) to 40 for mtDNA PCR amplification reaction and from 60 (29) to 40
for amelogenin PCR amplification. Although, it is believed that 40 to 65 PCR cycles in aDNA
research is a common procedure as some Taqg Polymerase are less efficient in amplifying highly
fragmented and degraded aDNA (Tag polymerases discussed below). Increased number of PCR
amplification cycles might increase the risk of obtaining false positive results through the

amplification of primer dimers or artifacts (12).
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2.5.5. Discrepancies in DNA analysis

During this research, four cases of discordant results were identified while re-analyzing the
mtDNA haplogroup distribution from the Shamanka Il cemetery as part of a quality assurance
exercise to ensure the reproducibility of the results previously obtained by other researchers in
the laboratory.

Case 1: It is important to remember that BAP is a multidisciplinary project, and excavated
samples have been assigned different identification numbers (IDs), Master ID and sample ID,
over the course of several years of research by both Russian and Canadian scholars. The Master
and sample IDs were developed to avoid any confusion between individual numbers and
sample numbers, respectively. For example, vertebral bone sample 2002.235 and tooth sample
2002.257 both belong to the same individual with Master ID SHA_2002.021.02. The individual’s
Master ID indicates that this individual belongs to the Shamanka Il cemetery (SHA), which was
excavated in 2002 and the grave number is 21. This individual was the second individual in the
grave, and was buried in a double or multiple grave. The previous researcher, who was working
on the Shamanka Il individuals (33), misidentified the sample IDs for one Shamanka Il individual.
This potentially created a discrepancy when assigning mtDNA and Y-chromosomal haplogroups
to this individual. The former researcher analyzed the mtDNA from the bone sample with ID
2002. 238, and identified it as belonging to individual SHA_2002.021.02 (33) (Table 4.1);
however, this sample actually belonged to individual SHA_2002.021.01. Each of these
individuals, buried in the same grave, had a different mtDNA haplogroup; SHA 2002.021.02
carried a G2a mtDNA haplogroup, and SHA_2002.021.01 carried an F mtDNA haplogroup, but
both of them had the same Y-chromosomal haplogroup, K (Chapter 3).

Cases 2, 3 and 4: Further discrepancy was identified during the analysis of three other
Shamanka Il individuals (Master IDs: SHA_2001.012, SHA_2002.021.03 and SHA_2002.023.04).
Previous mtDNA analysis showed they belonged to mtDNA haplogroups U5a, F, and U5a,
respectively (33). For two of these individuals (Cases 2 and 3), the analysis was repeated using
different bone samples from the individual than the former researcher. For one individual (Case
4), the same bone sample, which the former researcher used, was re-extracted and analyzed

(Table 4.1). The three individuals were found to belong to two different mtDNA haplogroups:
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SHA_2001.012 belonged to mtDNA haplogroup D and SHA_2002.021.03 belonged to mtDNA

haplogroup A, and SHA_2002.023.04 belonged to mtDNA haplogroup D (Table 4.1). The DNA

extraction and PCR amplification were repeated twice to confirm the authenticity of the results,

and the results were consistent with the first extraction.

Case 5: For one Shamanka Il individual (Master ID: SHA_2001.013.03), a different bone sample,

which the former researcher used, was extracted and analyzed, a concordant results with the

former researcher was obtained from two separate DNA extractions and PCR amplifications,

which confirms the authenticity of the result (Table 4.1)

Table 4.1. Re-analyzed cases from Shamanka Il individuals.

Former Moussa's Former researcher’s Moussa's
Shamanka Il | Researcher’s | used ID & o . mtDNA polymorphic
Case Master ID used ID & Sample mMEDNA polymhc;rplf(;lc:)lzes and assigned sites and assigned
Sample Type Type plogroup haplogroup
16232, 16249, 16304, 16311 Haplogroup F;
1 SHA_2002. 2002.235. 2002.257. however, it was assigned an incorrect ID. The 16223, 16227, 16278
021.02 (Bone) (Teeth) correct ID sample (2002.238. Bone) has SNPs at Haplogroup G2a
16223, 16227, 16262, 16278 Haplogroup G2a
SHA_2001. 2002.210. 2009.060.
y 162 16270 Hapl 16223 Hapl D
2 012 (Bone) (Bone) 6256, 16270 Haplogroup U5a 6223 Haplogroup
SHA_2002. 2002.245. 2009.070. 16223, 16290, 16319
- 16232, 16249, 16304, 16311 Hapl F ! !
3 021.03 (Bone) (Bone) ! ! ! aplogroup Haplogroup A
SHA_2002. 2002.221. 2002.221.
4 023.04 (Bone) (Bone) 16256, 16270 Haplogroup U5a 16223 Haplogroup D
SHA_2001. 2002.192. 2009.061.
- 16223 Hapl D 16223 Hapl D
5 013.03 (Bone) (Bone) 6223 Haplogroup 6223 Haplogroup




However, two Ust’lda individuals were also selected randomly to be re-analyzed for mtDNA,

and no discrepancy was detected when the mtDNA haplogroups were compared with the

previous results (Table 4.2) (29,31).

Table 4.2. Re-analyzed cases from Ust’-Ida.
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Former Former researcher’s Moussa's
Researcher's Moussa's used ID mtDNA polymorphic mtDNA polymorphic
Ust'lda Master ID . . . .
stidaMaster used ID & & Sample Type sites and assigned sites and assigned
Sample Type haplogroup haplogroups
1995.150. 2009.185. (Bone), 16223 and 16298 16223, 16298, 16327
ID_1 .020.01
UID_1989.020.0 (Bone) 2001.418. (Teeth) Haplogroup C Haplogroup C
UID 1989.026.01 1995.154. 2009.190. (Bone), 16223, 16227, 16290, 16212'311612123:;69290'
- T (Bone) 2001.547. (Teeth) 16319 Haplogroup A ’

Haplogroup A
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No additional samples from these individuals were available for further analysis. Dr. Fiona

Bamforth and | conducted an investigation of possible reasons for the discrepancy. The

laboratory notebook from the research technician, who performed the first DNA extractions for

some of the Shamanka Il samples in 2005/2006, was the only source of information. After

investigation, it was deduced that the ancient DNA laboratory demonstrated evidence of

contamination during a six-month period in 2005/2006 when the samples were extracted.

Measures to detect contamination were followed and all samples that showed any

contamination were appropriately re-analyzed by the investigators.

There were several crucial points that were considered while investigating the Shamanka Il

discrepancy cases:

a.

At the time the Shamanka Il samples were extracted in 2005/2006, there were four
people working in the aDNA laboratory on aDNA samples from the four burial sites.
This was the only time that there were more than two people working in the
laboratory. While protocols indicated that each individual prepared and used their own
reagents, all equipment, for example, thermocycler, centrifuge, hoods, were shared.
However, primers were shared on occasion for troubleshooting. This obviously
increased the risk of contamination.

There was clear evidence from the laboratory notebook that contamination during
extraction was identified and these extractions were rejected.

The Shamanka Il samples were previously extracted by two different people, but not
sure which samples were processed from these two extractions.

The former researcher’s DNA sequencing results from Shamanka Il were reviewed from
the samples included as an appendix in her thesis and there was no evidence of
heteroplasmy from the electropherogram, which might indicate contamination.

The previous researcher used 50 PCR cycles that might have produced false positive
results.

Contamination was detected in the laboratory during my 2009 investigation and as a

result, a more rigorous protocols for decontamination and detection of contaminating
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DNA were instituted. Subsequently, all the analyses and extractions for this project
were performed after the institution of these protocols.

g. | have mostly been the only person working in the aDNA laboratory apart from summer
students or project students working under my supervision. This has reduced the risk of
contamination.

In conclusion, the previous results demonstrate contamination was suspected but evidence of
contamination could not be proved. This is an example of how difficult contamination is to
detect despite using authenticity criteria previously established, and extractions that were
performed on two separate occasions and analyzed at least twice. However, the introduction of
even more rigorous protocols to prevent and detect contamination reduced these errors from
recurring.

3. Overcoming the effects of PCR inhibitors

As previously mentioned, PCR inhibitors are co-extracted with DNA. Minimizing the amount of
co-purified PCR inhibitors is a goal during DNA extraction and amplification to improve DNA
recovery from ancient samples.

3.1. Reducing co-extraction of PCR inhibitors during DNA extraction

a. During extraction, the chaotropic salt GuSCN was used while binding with silica.
According to Rohland and Hofreiter (2007), chaotropes (e.g. GUSCN) were found to
be very efficient in reducing the co-purification of PCR inhibitors when compared to
non-chaotropic salts such as sodium chloride (NaCl) that can co-purify PCR inhibitors
(12). They have shown that combining GuSCN during the binding step with silica
outperformed other methods with non-chaotropic salts (e.g. NaCl and KCl) (12).

b. The final elution step, while releasing the extracted DNA from the surface of the
silica particles to the elution TE buffer (Chapter 3), was repeated twice to avoid
transferring any silica particles that might interfere with any downstream PCR
amplifications.

3.2. Reducing the effect of PCR inhibitors during PCR amplification
a. Bovine serum albumin (BSA) has been proven to enhance PCR amplification from

ancient DNA extracts through overcoming the effect of PCR inhibitors (12). It is
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believed that BSA increases the stability of the Tag DNA polymerase enzyme during
the amplification reaction and reduces the loss of the reagents via adsorption to the
tube walls (42). Therefore, the BSA concentration was increased in the mtDNA PCR
amplification reaction from 0.015 mg/ml, as described previously (31), to 0.4 mg/ml
per each 25ul mtDNA PCR reaction. BSA was also introduced, as a modification, to
the Y-chromosomal multiplex PCR amplification reactions, in a final concentration of
1 mg/mlin the PCR reaction mix, as recommended for Y-chromosomal multiplex
assays (12,43), but it was not used in the original Y-chromosomal multiplex PCR
amplification published protocol by Bouakaze et al. (2007) (44).
These modifications improved PCR amplification efficiency through reducing the effect of PCR
inhibitors. However, some apparently good quality bone or tooth powder generated from well-
preserved samples could not be analyzed by PCR amplification, which might be due to the
presence of PCR inhibitors, and this might explain the low success rate from Lokomotiv
individuals for Y-chromosomal analysis. The success rate for mtDNA analysis from Lokomotiv
samples was good (30), but this might be because of the high mtDNA copy number compared
to the low copy number of the Y-chromosome in each cell.
Because of limited sample availability, each of the Kurma Xl teeth was extracted twice using the
same tooth powder, on two different occasions. For each individual, depending on the
availability of bone or tooth samples from this individual, the powder, from either bone or
tooth samples, is extracted twice at two different occasions to confirm the authenticity of the
results. In some cases, where there is not enough bone or tooth powder for two separate
extractions, the same bone or tooth powder used in the first extraction is used again for a
second extraction (e.g. some Kurma Xl samples).
About 25% of the Kurma XI (8 out of 30) tooth samples were successfully amplified for mtDNA
from the same tooth powder only after the second extraction, and not from the first. A possible
reason could be the elimination of PCR inhibitors during the first extraction, making the DNA
available for PCR amplification after the second extraction. For these samples, the results were

confirmed using other teeth samples from the same individual.
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4. An attempt to analyze autosomal short tandem repeats (STRs)

Analyzing nuclear DNA markers in aDNA, other than Y-chromosomal DNA was attempted after
the success in amplifying Y-chromosomal SNPs. The purpose of this trial was to examine the
possibility of performing investigations on autosomal STRs. Autosomal STRs system is a well-
established marker system that has been used by several archaeological, forensic and aDNA
studies to determine genetic kinship between closely related individuals by biparental loci (45-
48). After personal communication with Dr. Martin Somerville (Department of Medical
Genetics, University of Alberta), a pilot study was conducted on five well-preserved Shamanka Il
bone samples, from which mtDNA results were previously successfully obtained, using the
AmpFISTR® Identifiler® kit for human identification (Applied Biosystems, NY, USA) (49). The kit
is designed to amplify 15 STR loci plus the amelogenin polymorphism in one single reaction
generating amplicon sizes ranging from 100 up to 450 bp. However, none of the samples
amplified with any of the primer sets. Possibilities for the failure include a) the presence of PCR
inhibitors, b) incompatibility of the kit with the highly degraded aDNA condition. However,
more recently, a new kit designed for the analysis of highly degraded DNA has been introduced
(AmpFLSTR® MiniFiler™ PCR Amplification Kit, Applied Biosystems, NY, USA). This kit amplifies
eight STR loci plus the amelogenin marker of reduced size (miniSTRs), with amplicon sizes less
than 200 bp. The miniSTR multiplexes were designed by moving the primer binding sites closer
to the STR repeat unit (50,51). MiniSTRs are considered the best type of marker might be used
to study highly degraded DNA as the aDNA (52,53).
5. Optimizing procedures for degraded DNA
aDNA is highly fragmented because of DNA damage, primarily by hydrolytic and oxidative
processes after death (15) when all of the DNA repair mechanisms cease. Therefore, it is
essential to select methods designed specifically for aDNA or modify methods to optimize aDNA
analysis.
5.1. Reducing heat damage to DNA during extraction
a. A Dremel Rotary Tool Kit to drill inside the tooth root to extract the pulp was
previously used for the Khuzhir-Nuge XIV teeth samples but was not successful in

obtaining DNA (34). The heat created by the drilling mechanism might further
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damage any remaining DNA. Therefore, instead of drilling inside the root, the whole
tooth root was pulverized using a mortar and pestle after freezing the root in liquid
nitrogen to avoid generating heat that might destroy aDNA.
b. Incubation at 65 degree C overnight in a water bath after adding the extraction
solution to the bone or tooth powder is part of Boom’s (1990) extraction method
(35). The Rohland and Hofreiter (2007) aDNA extraction protocol, recommends
incubation at 56 degree C, for only 1-3 hours, to improve the DNA yield through a
better digestion of the bone powder in case of a coarse powder (11). However, the
overnight incubation in 65 degree C step was completely omitted from the
extraction protocol to avoid further degradation of the DNA by heat. Therefore,
bone or tooth samples were completely pulverized until forming fine powder.
As a result of these modifications, analysis of two molar samples from Khuzhir-Nuge XIV was
conducted. After optimization of aDNA extraction and analysis as described in section 5, an
attempt to analyze mtDNA from two Khuzhir-Nuge XIV molar samples (1997.190 & 2003.639)
from one individual (K14_1997.011), was successful. All previous attempts had been
unsuccessful because of the poor preservation of the Khuzhir-Nuge XIV samples as a result of a
cemetery flood (34). Both samples gave reproducible and concordant results showing that the
individual belonged to mtDNA haplogroup D.

5.2. Primer design

PCR amplification primers were designed using Primer3Plus software (54) for Y-chromosomal
Q-sub-haplogroup to produce a short amplicon size (between 81-155 bp) suitable for highly
degraded DNA.

5.3. Selection of Tag polymerase

Different DNA polymerases were tested on a male positive control for the multiplex reaction,
during optimization of the Y-chromosomal SNaPshot amplifications. Each of the Tag DNA
polymerases has different properties, but all of them share hot-start enzyme activity, which is
recommended to reduce any mispriming or primer-primer amplification (43), the tested Tag
polymerases include:

a. Platinum® Tag DNA Polymerase High Fidelity (Invitrogen, NY, USA)
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Platinum® Tag DNA Polymerase High Fidelity contains a recombinant Tag DNA
polymerase, and Platinum Tagq antibody. It offers a higher amplification sensitivity over
the regular Platinum® Tag DNA Polymerase.
b. HotStarTaq DNA Polymerase (QIAGEN, Toronto, Ontario)
The HotStarTaq DNA Polymerase’s specifications show that it has a chemically mediated
hot start, and a unique PCR buffer that reduces nonspecific amplification products,
primer dimers and background. It is also accompanied by the Q-Solution, which
amplifies efficiently difficult templates (e.g. GC rich templates).
c. AmpliTaq Gold® DNA Polymerase (Applied Biosystems, NY, USA)
AmpliTaq Gold® DNA Polymerase minimizes mispriming. Also, it has increased ability to
counteract PCR inhibitors (55).
d. Platinum Tag DNA polymerase (Life Technologies, NY, USA)
The Platinum Tag DNA polymerase is also a recombinant Tag DNA polymerase and
contains Platinum Taq antibody. It is characterized by its high specificity and wide range
of use in different PCR amplifications, and it produces high yield of the PCR product (12).
The Platinum Tag DNA polymerase is particularly recommended for multiplex PCR
reactions for its reduced mispriming activity (43).
The success of amplification for each Tag polymerase was evaluated through running PCR
amplification experiments on modern positive control DNA using the mtDNA primers (H16346
and L16211) and also using the Y-chromosomal multiplex PCR amplification primers, and then
the amplicon intensity was visualized under UV light after gel electrophoresis for presence of
primer dimer products and the intensity of the band showing the PCR product. Platinum Tag
DNA polymerase was the DNA polymerase of choice according to its best performance
(Appendix 4.4).
6. Limitations in sample availability for aDNA analysis

The genetic component of the research in BAP had limited access to bones and teeth samples
for each individual from all the cemeteries. The samples were pulverized and fully consumed
during the DNA extraction process. Therefore, other investigators were unable to use them for

other purposes. Vertebral bone samples were preferred as the sample size is greater and they
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usually provide an adequate amount of bone powder for more than one DNA extraction
process. However, the quantity of powder produced from pulverizing teeth samples was
sometimes barely adequate for one extraction process. Fortunately, the DNA extraction
protocol used in our laboratory (11) usually allowed the use of the same bone or tooth powder
for a second extraction in case of sample scarcity. However, the DNA extract produced at the
end of the extraction protocol was only 50 ul, and each PCR amplification reaction required
between 4 ul (mtDNA PCR amplifications) and 7.5 ul (Y-chromosomal multiplex PCR
amplifications). Each of these PCR amplifications was repeated at least twice to ensure the
authenticity of the results. For these reasons, there were cases of insufficient sample for further
analyses. Two of the Kurma Xl individuals were assigned to Y-chromosomal haplogroup Q-
M242, but no further PCR amplifications, to detect the sub-haplogroups of Q-M242, were
possible because of sample depletion. Thus, all the optimization experiments were usually
conducted on positive modern human DNA extracts in order not to deplete the limited ancient
DNA samples.

7. Conclusion

In conclusion, analysis of DNA from historical samples is challenging in comparison to modern
DNA. aDNA is highly fragmented and degraded because of environmentally induced mutations
(1,13,56), it may contain PCR inhibitors and DNA quantity is minimal. Nonetheless, with the
presence of specific and sensitive DNA extraction and PCR amplification protocols, the retrieval
and analysis of aDNA is possible.

Avoidance of contamination with exogenous modern DNA is crucial and authenticity of the
results must be established through multiple analyses of the same sample or different samples
from the same individual. aDNA characteristics illustrate the uniqueness of this research and

demonstrate the challenges in retrieval of aDNA from human remains.
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1. Summary of the project

The Lake Baikal region of Siberia has provided a rich environment for human existence for
several thousand years. Canadian and Russian archaeologists have recovered a large number of
well-preserved skeletal remains from discrete burial sites in the area, dating from 8000 to 4000
calender (cal.) years before present (cal BP) (1,2). The area was home to two temporally distinct
populations, the Early Neolithic (EN, Kitoi) and the Late Neolithic-Early Bronze Age (LN-EBA,
Serovo-Glazkovo). The EN group was separated from the LN-EBA group by about a 1000-year
gap (hiatus) from which no human remains have been recovered. Several cemeteries have been
excavated as part of an international multidisciplinary initiative, the Baikal Archaeology Project
(BAP). These include one EN cemetery (Shamanka Il) and two LN-EBA cemeteries (Kurma Xl and
Khuzhir-Nuge XIV). One EN cemetery (Lokomotiv) and one LN-EBA cemetery (Ust’-Ida) was
excavated independently of BAP. BAP seeks to reconstruct the lifestyle of hunter-gatherers who
lived around Lake Baikal through the application of research methods from archaeology, human
osteology, bone chemistry, human genetics, and environmental studies (1). Archaeological data
suggest cultural discontinuity between the EN and LN-EBA groups with differences in mortuary
practices, diets and mobility patterns (1,3). The cemetery burials provide a unique opportunity
to study prehistoric population genetics, in contrast to making inferences about prehistoric
populations from extrapolation from modern DNA studies: 1) there are an unusually large
number of well-preserved specimens from which DNA population specific polymorphisms can
be examined to determine population origins, and genetic affiliations within and between
cemetery samples established. 2) DNA analysis from human remains provides additional
information for archaeologists to make inferences about social structure, family groupings and
marriage patterns within each cemetery from studying graves and burial practices (e.g. single
and multiple graves, presence or absence of ornaments and grave goods).

The significance of the project lies in the utility of DNA analysis as an archaeological tool in
conjunction with traditional methods, such as stable isotope signatures and mortuary rituals, in
order to make inferences about the prehistoric population structure.

This dissertation hypothesis focused on the examination of mtDNA from Shamanka Il and

Kurma XI cemeteries and examination of Y-chromosomal DNA from the four excavated
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cemeteries (Lokomotiv, Shamanka Il, Ust’-Ida and Kurma XI) in the area that would identify
genetic discontinuity and/or continuity through polymorphic distribitions between and within
the EN and LN-EBA of prehistoric populations.

The aim of the project was to trace the maternal and the paternal lineages of the EN and LN-
EBA populations by examination of mitochondrial DNA (mtDNA) and Y-chromosomal DNA (Y-
DNA) polymorphisms, respectively. The degree of genetic continuity and/or discontinuity
between and within the EN and LN-EBA cemeteries was established by DNA analysis and results
interpreted within the archeological context of other BAP research methods (2,4-7). Major
findings in this dissertation will be bolded in this chapter to highlight them.

Examination of aDNA from historical samples was challenging and strict authenticity criteria
were implemented to avoid reporting any results showing contamination or discordant results
(Appendix 5.1 has a summary of all aDNA results obtained from the project). The highly
degraded and fragmented nature of aDNA (8-10) made it challenging to apply some analytical
protocols e.g. the failure to obtain results from Shamanka Il individuals after using AmpFISTR®
Identifiler® kit (Applied Biosystems, NY, USA). The difficulty in retrieval of aDNA may be due to
the presence of PCR inhibitors, poor DNA preservation, or minimal DNA quantity. DNA
amplification protocols were modified and optimized from published protocols (11-13) to
increase the sensitivity and accuracy of analysis.

Avoidance of contamination with exogenous modern DNA was of crucial importance, and
authenticity of the results was established through multiple analyses of the same sample. In the
course of this project, a concrete working protocol was established that helped to reduce the
possibility of any contamination either during sample preparation, DNA extraction or PCR
amplification. This includes 1) assessing risk of random contamination from the surrounding
laboratory environment, 2) increasing bleach concentration (used to eliminate exogenous
contamination with modern DNA (14)) for washing bone samples prior to analysis.

As mentioned in the previous chapters of my dissertation, mtDNA and Y-chromosomal
polymorphisms in archeological specimens give information on population origin, migration
patterns, and the affinities between contemporary and prehistoric populations (15-17).

Maternally inherited mtDNA has a high rate of mutation, leading to the accumulation of
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population-specific polymorphisms, facilitating the study of population migration patterns
through the female lineage (18,19). Loci on the Y-chromosome’s NRY (Non-recombinant region)
are haploid and inherited paternally and can be used to trace back the male lineage (20).

Female and male migration patterns may differ (21).
2. Optimization of DNA extraction and analysis

During this project, several new aDNA extraction and PCR amplification techniques were
optimized to address the technical challenges during sample analysis. This includes: 1) reducing
the number of PCR cycles from 50 to 40 cycles, 2) testing several commercially available Tag
polymerases to select the best amplification enzyme, 3) adjusting PCR reagent concentration

(e.g. Mg?*and BSA (Bovine Serum Albumin)) with the reaction conditions.

3. Conclusion of maternal and paternal background of the prehistoric
population of Cis-Baikal

3.1. Maternal mtDNA conclusion

The maternally inherited mtDNA was analyzed previously from two EN cemeteries (Lokomotiv
(22) and Shamanka Il (23)) and one LN-EBA cemetery (Ust’-Ida (24)). The previous mtDNA
analysis from the two EN cemeteries showed that Lokomotiv and Shamanka Il individuals are
statistically similar; therefore, the data from them (Lokomotiv and Shamanka Il) were combined
(25). The combined mtDNA analysis of 52 individuals from the two EN cemeteries shows higher
frequencies of haplogroups D and F, and lower frequencies of haplogroups A and C (25). In
contrast, analysis of 39 individuals from Ust’-Ida shows a higher frequency of haplogroups A
and C and lower frequency of haplogroups D and F (25). This finding suggested a genetic
discontinuity between the EN and LN-EBA populations of Cis-Baikal area in Siberia. It also
indicated that the Cis-Baikal prehistoric population had gone through a significant change
during the hiatus period, when no mortuary remains had been recovered (23-25). However,
these findings alone were not sufficient to delineate the genetic background of the Siberian
ancient population of Lake Baikal. There are two other cemeteries that are predominantly from
the LN-EBA period, Kurma Xl and Khuzhir-Nuge XIV. Khuzhir-Nuge XIV is the largest LN-EBA
cemetery in the Little Sea micro-region of Lake Baikal. Comprehensive archaeological and

osteological studies have been conducted on the cemetery’s individuals giving a detailed
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description on grave architecture, mortuary rituals, health and diet of individuals,
morphological sex, and grave inclusions (26,27). Nevertheless, previous attempts to analyze
DNA from individuals from Khuzhir-Nuge XIV were unsuccessful due to poor preservation of
skeletal material (28). However, the modification and optimization of the extraction and the
PCR amplification protocols during the course of this project facilitated the re-analysis of
mtDNA from Khuzhir-Nuge XIV. mtDNA from one Khuzhir-Nuge XIV individual (K14_1997.011)
was retrieved from two different molar samples (1997.190 and 2003.639), extracted at two
different occasions, assigning the individual to haplogroup D. The success in extracting and
analyzing mtDNA from a Khuzhir-Nuge XIV individual is very promising and may make further
analysis on other individuals from this large cemetery possible.

Kurma Xl is a smaller cemetery located also in the Little Sea micro-region of Lake Baikal. The 26
graves of Kurma XI date back to both EN and the EBA periods. Kurma Xl consists of 6 EN graves
and 20 EBA graves (29). Despite the small number of individuals available for analysis (17
individuals), fewer than the other three cemeteries, mtDNA results were retrieved from Kurma
Xl individuals (2 EN and 12 EBA individuals). The mtDNA haplogroup distribution from EBA
Kurma Xl shows a high frequency of haplogroup D (50%, n=6/12) and a low frequency of
haplogroup A (8.3%, n=1/12), the new appearance of haplogroup Z (16.7%, n=2/12, not
previously found in other Cis-Baikal populations), and the absolute absence of haplogroup C.
Two EN individuals from Kurma XI, belonging to haplogroup F (Chapter 2), were actually found
by radiocarbon dating to be from the Late Mesolithic period (30).

There were 21 individuals previously analyzed from the EN Shamanka Il cemetery (23). From
those 21 individuals, four individuals were re-analyzed (Chapter 4) and an additional six
individuals were added to the Shamanka Il population. This made mtDNA haplogroup
distribution available from a total of 27 EN individuals from the Shamanka Il cemetery. The 27
EN Shamanka Il individuals show a high frequency of haplogroup D (40.7%, n=11/27) and a low
frequency of haplogroup U5a (3.7%, n=1/27). A new statistical analysis was performed to
estimate the genetic relationship between each of the four Cis-Baikal prehistoric populations
taking into account the periods during which the cemeteries were used. The LN-EBA cemetery

sample from Ust’-Ida was divided into two groups, one included the LN Ust’-Ida individuals
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(n=29) and the other included the EBA Ust’-Ida individuals (n=10). All the new mtDNA results
from both EBA Kurma Xl and EN Shamanka Il were compared statistically to the previously
obtained results from EN Lokomotiv (31 individuals) with a high frequency of haplogroup F
(48.4%, n=15/31) and a low frequency of haplogroup C (3.2%, n=1/31) (22) and LN Ust’-Ida (29
individuals) with high frequencies of haplogroups A (24%, n=7/29) and “Others” (27.6%,
n=8/29) and a low frequency of haplogroup U5a (3.4%, n=1/29) and EBA Ust’-Ida (10
individuals) with a high frequency of haplogroup C (70%, n=7/10) and a low frequency of
haplogroup A (30%, n=3/10) and no other haplogroups represented (24). The new statistical
analysis showed that all of the cemeteries populations are significantly different from each
other except for EBA Kurma Xl and EN Lokomotiv. Also, the EBA Kurma Xl and EN Shamanka Il,
both have significantly similar haplogroup distributions.

Surprisingly, the distribution of mtDNA haplogroups at EBA Kurma Xl is more similar to
Lokomotiv and to Shamanka Il than to either LN Ust’-Ida or EBA Ust’-Ida. We expected EBA
Kurma XI population to be maternally more similar to the EBA Ust’-lda population than to the
EN populations. These findings raise several questions regarding the maternal origin of the Cis-
Baikal prehistoric populations who either lived during the EN period, LN period or EBA period.
The concept of genetic discontinuity in the maternal background between the EN and the LN-
EBA populations of Cis-Baikal is not a simple change or replacement in the origin of females
during the hiatus period. The new data show that the Cis-Baikal region had a heterogeneous
mtDNA haplogroup distribution during the EN, LN and EBA periods, but the two EN populations
from Lokomotiv and Shamanka Il share a common maternal ancestry with the EBA Kurma XI
population. However, it has been suggested that Kurma Xl is an ‘exclusive’ cemetery with some
unique burial practices (31). Therefore, the EBA Kurma Xl population might not be
representative of the entire population that inhabited the Little Sea micro-region in this
prehistoric time. Thus, mtDNA haplogroup analysis from Khuzhir-Nuge XIV cemetery would be
very valuable and confirm one of two hypotheses. First hypothesis, if Khuzhir-Nuge XIV (mostly
EBA) were similar to both the EBA Kurma Xl and EN cemeteries’ populations but different from
Ust’-Ida, it would confirm the common maternal ancestry between EN and EBA (Kurma XI and

Khuzhir-Nuge XIV) populations. Second hypothesis, if Khuzhir-Nuge XIV showed a different
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haplogroup distribution to both EBA Kurma Xl and EBA Ust’-Ida it would confirm the
heterogeneity of the Cis-Baikal region with respect to maternal origins. All this emphasizes the
importance of mtDNA analysis for individuals from Khuzhir-Nuge XIV.

Two individuals from the Kurma XI cemetery sample were found to belong to haplogroup Z.
This is the first evidence of the presence of haplogroup Z in the Cis-Baikal prehistoric
population. All individuals examined at all four cemeteries showed typical Asian haplogroups.
Haplogroup Z is an Asian haplogroup (32) and is considered to be one of the dominant
haplogroups in the northern East Asian populations (33). In modern populations, haplogroup Z
is moderately distributed in northeast Asia (e.g. Itel’'mens (6.3%, n=3/47) and Koryaks (5.8%,
n=9/155)) (34), but is also present rarely in south Siberian populations for example, the Altai-
Sayan population (35). Thus, the unique appearance of individuals belonging to mtDNA
haplogroup Z from Kurma XI cemetery might indicate that haplogroup Z is an exclusive lineage

to the Little Sea micro-region of Cis-Baikal.
3.2. Paternal Y-chromosomal DNA conclusion

Examination of the paternal lineage through Y-chromosomal polymorphisms is a novel
approach to BAP and facilitates the assessment of the paternal DNA contribution within and
between the EN and the LN-EBA groups, and complements the maternal data.

Y-chromosomal SNPs were analyzed using the SNaPshot multiplex technique, which was
modified from a published protocol (36). The published method took into account the degraded
state of aDNA and the multiplex primers were designed to amplify short segments of DNA (81
to 155 bps) (36).

Male individuals, for which molecular sexing was confirmed by amelogenin analysis, were
analyzed from all the four cemeteries, Lokomotiv and Shamanka Il (EN) and Ust’-lda (LN-EBA)
and Kurma Xl (EBA). The lowest success rate for DNA retrieval was from Lokomotiv (41%,
n=7/17) and the highest success rate was from Shamanka Il (100%, n=9/9). Lokomotiv and
Shamanka Il showed some similarity in their haplogroup distribution (Fisher’s exact test;
p=0.0625, with the p value close to the statistical significance level of 0.05). This is likely due to
the high frequency of haplogroup K (57.1%, n=4/7) in Lokomotiv and the dominance of
haplogroup K (100%, n=9/9) in Shamanka Il. Ust’-lda and EBA Kurma Xl also had a statistically
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significant resemblance in their Y-chromosomal haplogroup distribution (p= 1.00). However,
EBA Kurma XI was different from Lokomotiv (p= 0.0023) and Shamanka Il (p=0.0002) in its Y-
chromosomal haplogroup distribution.

Interestingly, Lokomotiv showed a greater degree of heterogeneity in its haplogroup
distribution than all other cemeteries even with the low success rate of analysis. There were
three Y-chromosomal haplogroups represented in Lokomotiv males, haplogroups K-M9, R1al-
M17 and C3-217, but only one haplogroup was represented in Shamanka Il males, K-M9. For
Lokomotiv specifically, a high degree of variable mobility was suggested from the variability of
strontium isotope (Sr) ratios within and between Lokomotiv individuals (37).

The LN-EBA cemetery Ust’-lda showed one individual with haplogroup K-M9, two individuals
with an unidentified haplogroup (L914 SNP) and the remainder belonging to haplogroup Q-
M242 and its sub-haplogroup Ql1a3-M346. EBA Kurma XI showed one individual with the same
unidentified haplogroup (L914 SNP) and the rest were Q-M242/Q1a3-M346. The Q-M242 sub-
haplogroup Qla3a-M3 (Q-M3), the most frequent haplogroup in the Native American
population (38), is not found in the Kurma Xl population. Sub-haplogroup Q1a3-M346, a sister
to Qla3a-M3 (39), is identified in three of five males in EBA Kurma XI, which supports ancient
links between the Siberian and the Native Americans (39).

The L914 SNP, a (T> G) transversion, at ChrY position 4925671 (40), might be a rare mutation
associated with a specific haplogroup not yet defined. This novel mutation was found in one
Ust’-Ida individual (UID_1989.026.01) and amplified from two different samples, one bone
(2009.190) and one tooth (2001.547). For the other Ust’-Ida individual (UID_1987.005), this SNP
was amplified twice on two different occasions from the same bone sample (2009.177).
Reproducible results were also obtained from the EBA Kurma Xl individual defining L914 SNP
(KUR_2003.019). These findings confirm the authenticity of the L914 SNP (Chapter 3).

Further analysis of Y-chromosomal haplogroups for the individuals carrying the L914 SNP,

would give us further insight on linkage of this SNP.
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4. Interpretation of the genetics findings from mtDNA and Y-chromosomal DNA
in the context of the BAP project

4.1. Cis-Baikal prehistoric populations’ maternal and paternal genetic affinities
Previous mtDNA analysis from the Cis-Baikal prehistoric populations ea from two EN
cemeteries (Lokomotiv and Shamanka IlI) and one LN-EBA cemetery (Ust’Ida) proposed that the
two populations are genetically distinct in their maternal origin (25). However, the new results
from EBA Kurma Xl and EN Shamanka Il show that the Cis-Baikal has a heterogeneous mtDNA
haplogroup distribution through the EN, LN and EBA periods. However, the new results suggest
a common ancestry between the EN populations and EBA Kurma XI population because the
mtDNA haplogroup distribution of Kurma Xl is similar to the EN cemeteries, Lokomotiv and
Shamanka Il (Chapter 2). This finding raises many questions about the maternal background of
the LN-EBA population of Lake Baikal. This heterogeneity in mtDNA haplogroup distribution in
the Cis-Baikal region can be explained through the patrilocality post-marital residence
(discussed below). During prehistoric time in the Lake Baikal area, it would appear that females
were migrating from different surrounding areas to marry men who stayed in their birthplaces,
as evidenced by the heterogeneous maternal background in Cis-Baikal. Previous mtDNA
haplogroup distribution from Ust’-Ida suggested that the LN-EBA prehistoric population of Cis-
Baikal has close affinity with the modern Siberian native groups (e.g. Buryats, Tuvinians, and
Yakuts) and with the Iron Age cemetery (2300- 1800 cal BP), Egyin Gol, in Northern Mongolia
(25). mtDNA halogroup distributions from LN Ust’-Ida still show close affinity with modern
Siberian native groups (e.g. Buryats and Kets) and with the Egyin gol (Iron Age) prehistoric
population. The EBA Kurma Xl results combined with EBA Ust’-Ida results show a closer affinity
with some east Siberian populations such as the Koryaks and Itel’'men due to the novel
appearance of haplogroup Z, which is more frequent in eastern Siberian populations (34,41).
Also, the increased frequency of mtDNA haplogroup D, after pooling datasets from EBA Kurma
Xl and EBA Ust’-lda, place the LN-EBA closer to the eastern Siberian population than previously
proposed (25). The Lokomotiv and Shamanka Il dataset combined shows that they have close
affinity with a modern Siberian population, Todjins (Southern Siberian population), which was

not proposed previously (25).
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The novel Y-chromosome haplogroup data indicate that the EN and the LN-EBA populations
at Lake Baikal are paternally genetically distinct and suggest a paternal discontinuity between
the EN and LN-EBA populations of the Lake Baikal area. The differences in the Y-chromosomal
signatures of the EN and LN-EBA suggest displacement of males in the Cis-Baikal population
during the EN period and replacement by a genetically different population during the LN and
EBA periods (Chapter 3).

The presence of Y-chromosomal haplogroup K-M9, with high frequency in the EN populations,
shows that the EN prehistoric populations have a close paternal genetic affinity with south
Siberian groups (e.g. Tuvinians and Mongolians). For the EN populations, the close affinity with
south Siberian groups is also strengthened with the presence of Y-chromosomal haplogroup
R1a1-M17, which is widely distributed particularly in southern Siberia (42).

The LN-EBA Cis-Baikal prehistoric populations are characterized by a high frequency of
haplogroup Q-M242. Thus, the LN-EBA populations have a close affinity with most of the
modern Siberian groups including, Sel’kup and Kets, because Q-M242 is widely distributed
across Siberia (43). Individuals from the LN-EBA populations carry the Q1a3-M346 lineage,
which is a sub-haplogroup from Q-M242. Those individuals affirm the close affinity of the LN-
EBA populations to modern Siberian groups. A study of several northern East Asian groups by
Malyarchuk, B. et al. (2011) examining specific sub-haplogroups of Q-M242, showed that Qla3-
M346 is more frequent than other sub-haplogroups, for example, Qla*-MEH2 and Qla2-M25
and even Qla3a-M3 in the modern Siberian populations, including Altaians, Todjins and
Tuvinians (39).

From mtDNA and Y-chromosomal haplogroup distributions, it appears that the prehistoric
populations of the Cis-Baikal area have close maternal and paternal affinity with most of the
contemporary Siberian populations surrounding the Lake Baikal area (e.g. Altaians, Todjins,

Tuvinians, Buryats, Koryaks and Itel’'men).



171

4.2. Cemetery genetics: implications for social organization of the EN and LN-

EBA populations

Summing the mtDNA and the Y-chromosomal DNA haplogroup distributions from all four
cemeteries lead us to a potential scenario for post-marital residence and marriage patterns
during prehistoric times in Lake Baikal. Three of the cemeteries (Shamanka Il, Ust’-Ida, and EBA
Kurma XI) show low Y-chromosomal haplogroup diversity between males and high mtDNA
haplogroup diversity, which suggests a patrilocal post-marital residence in ancient times.
Patrilocality, when females move to their husbands’ residence after marriage and men stay in
their birthplace, is the norm in about 70% of the world’s populations (44). According to Kelly,
R.L. (1995 and 2013), patrilocality is the most common form of post-marital residence, at 65%,
in hunter-gatherer societies (45,46). Patrilocal societies are usually characterized by a high level
of diversity in mtDNA haplogroups and low level of diversity in Y-chromosomal haplogroups
within the same group with the reverse situation between groups, and this heterogeneity in
mtDNA haplogroups can also suggest an exogamy marriage pattern, when men are allowed to
marry women from outside the group (47-50). The EN, LN and EBA populations have high
diversity in mtDNA haplogroups, while EN Shamanka II, LN-EBA Ust’-Ida and EBA Kurma XI
populations have low diversity in Y-chromosomal haplogroups. The only cemetery that showed
heterogeneity in their Y-chromosomal haplogroup distribution was Lokomotiv, but the small
sample size and the low success rate in Y-chromosomal DNA analysis from Lokomotiv is a
limitation to suggest a specific post-marital residence or marriage pattern. Therefore, analysis
of more Lokomotiv samples may elucidate the genetic signature from the prehistoric
population of Lake Baikal by estimating the influence of social norms on their genetic diversity.
Appendix 5.1 is a table summarizing all the mtDNA haplogroups and Y-chromosomal
haplogroups from all four studied cemeteries.

4.3. Life histories: implication at the level of the individual

While the focus was on population genetics at the broad level, there is an interpretation at the
individual level. For example, the Lokomotiv individual (LOK_1985.031.02, age 25-30 years, XY)
is the only male in the EN population and in the entire Cis-Baikal examined individuals

belonging to Y-chromosomal haplogroup C3-M217. This male was buried in a double grave with
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another individual (Female, LOK_1985.031.01, age 20+ years) (51). This male
(LOK_1985.031.02) carried mtDNA haplogroup A, which is found in moderate to high frequency
in the Lokomotiv cemetery sample (25). This male (LOK_1985.031.02) demonstrated a strikingly
different 87Sr/8Sr signature from the other three individuals at Lokomotiv from whom both
strontium isotope (37) and Y-haplogroup analysis is available. This suggested that he was born
in one location, and although buried in the Lake Baikal area, spent his adulthood outside the

region as his 8’Sr/86Sr from femur is quite different from the other 16 individuals at Lokomotiv.
5. Closing points

In conclusion, this research bridges Arts and Sciences and demonstrates the value of
multidisciplinary research with contributions from researchers of different backgrounds to build
a composite picture of the prehistoric Siberian hunter-gatherers. This study demonstrates the
value of aDNA research as an archaeological tool contributing to predictions about the
prehistoric populations’ lifestyle. The uniqueness of the BAP was demonstrated by the
unusually large number of well preserved skeletal remains together with evidence of social
complexity of the studied populations observed in their mortuary practices. This research
correlates mtDNA data with Y-chromosomal DNA results to establish evidence of female and
male migration patterns and marriage patterns. The project contributes to our knowledge of
the history of human habitation and movement patterns, specifically from Siberia eastwards to
North America and connects the prehistoric and modern Siberian populations with the peopling
of North America, as the Lake Baikal area human remains provide the oldest DNA data from
Siberia. Trials to connect genetic affinities between prehistoric populations of Lake Baikal and
contemporary groups of Siberia through applying new techniques used thus far with modern
DNA. Overall, this study has the potential to make significant contributions to regional and
global archaeology, and also contributes towards the development of better methods of
working with highly degraded DNA.

6. Future directions

There is still work that could follow from this research:

I. Examine mtDNA polymorphisms from samples of individuals from Shamanka Il

(EN) and Khuzhir-Nuge XIV (LN-EBA) cemeteries.
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mtDNA has been analyzed previously from 21 skeletal samples from Shamanka Il (23), and six
more Shamanka Il individuals in the current study. This small number of samples does not
represent the entire cemetery samples, as an additional 100 samples (bones and teeth) are
available for analysis. Shamanka Il is exceptional in its large number of well-preserved burials,
the distinctive spatial organization of these graves in rows (chapter 3), and numerous grave
inclusions (52,53).

After the modification and optimization of extraction and PCR amplification methods, it would
be of a great benefit to examine mtDNA polymorphisms in Khuzhir-Nuge XIV individuals. As it
was described earlier, the success in retrieval of DNA from teeth samples that was
demonstrated in Kurma Xl individuals can be applied to the Khuzhir-Nuge XIV samples as well.
Il. Determine Y-chromosomal haplogroup distribution of more individuals from
Lokomotiv as well as Shamanka Il (EN) through the examination of Y-chromosomal SNPs.
Despite the low success rate in Y-chromosomal analysis from Lokomotiv, with the high level of
heterogeneity in Y-chromosomal haplogroups distributions, indicates that it would be useful to
analyze more male samples from Lokomotiv. Analyzing more samples would also assist in
understanding post-marital residence and marriag patterns within the Lokomotiv prehistoric
people. We might be able to detect an ancient case of matrilocality, where the woman stays in
her birthplace and the man moves in to live with her and her family after marriage. In a
matrilocality post-marital residence case, high Y-chromosomal haplogroup diversity would be
detected (48).

lll. Analyzing sub-haplogroups of Y-chromosomal haplogroup K specifically from

Shamanka Il individuals

As it was explained earlier, all of the Shamanka Il males were assigned to Y-chromosomal
haplogroup K-M9. Haplogroup K-M9 basically can define other Y-chromosomal haplogroups
including, L, M, N, O, P, S and T (54). Therefore, individuals assigned to haplogroup K-M9,
especially from Shamanka Il, need further investigation to define the exact Y-chromosomal
lineage they belong to. This can be achieved through designing a multiplex reaction for the Y-
chromosomal lineages represented in the Siberian population and found under the main

haplogroup K-M9.
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IV. Examination of autosomal miniSTRs in multiple burials
Autosomal short tandem repeats (STRs) are a well-established marker system that can be used
to determine genetic kinship between closely related individuals by biparental loci
(15,16,55,56). Autosomal STRs could be genotyped in individuals from double and group burials
to determine the relationship between those who have a biological kinship between each
other. A new kit designed for the analysis of highly degraded DNA has been introduced
(AmpFESTR® MiniFiler™ PCR Amplification Kit, Applied Biosystems, NY, USA). This kit amplifies
eight STR loci plus the amelogenin marker of reduced size (miniSTRs), with amplicon sizes less
than 200 bp. The miniSTR multiplexes were designed by moving the primer binding sites closer
to the STR repeat unit (57,58). MiniSTRs are considered the best type of marker might be used
to study highly degraded DNA as the aDNA (59,60).

V. Applying Next Generation Sequencing methodology to mtDNA analysis
Usually mtDNA typing techniques focus on the HV1 and HV2 regions to examine the mtDNA,
which ignores the rest of the mtDNA genome and limits the resolution power to a very short
segment of mtDNA (61). However, the technique of next generation sequencing was applied to
a highly denatured and chemically damaged DNA sample with sequences less than 100 bp, and
results were successfully obtained. Sequencing of the whole mtDNA genome using next-
generation techniques has also been applied to archaeological samples (~ 2,500 years old) with
successful results. This approach can provide the highest level of maternal discrimination (61).
Applying all these methods and protocols to the BAP project may reveal more from these
ancient populations and help to answer questions not only for the genetic research side of the

project but also to all the other investigations involved in this multidisciplinary project.
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Appendix 2.1. Summary of the mtDNA haplogroups and their base substitutions, molecular sex
assignment for all the EN Shamanka Il individuals.

. Age .

No Master ID Morphological Molecular (ﬁ] mtDNA HV1 variants

sex sex haplogroups +16000

years)

1 | SHA_2001.012 Undetermined Xy (b} 25-35 D* 223
2 | SHA_2001.013.03 Probable female Xy (® 18-19 D ® 223
3 | SHA_2002.021.02 Male Xy ® 25-30 G2a * 223227278
4 | SHA_2002.021.03 Undetermined Xy ® 16-18 A* 223290319
5 | SHA_2002.023.04 Undetermined Xy ® 20+ D * 223
6 | SHA_2004.052.01 Probable male XY 20-24 DA 223
7 | SHA_2004.044.02 Undetermined XY 20+ ca 223 298 327
8 | SHA_2005.059.01 Male XY 35-39 cA 223 298 327
9 | SHA_2006.083.01 Male XY 20-22 ch 223 298 327
10 | SHA_2002.023.05 Undetermined Xy ® 20+ D ® N/A
11 | SHA_2001.011.02 Male NA ®) 30-40 D® 223 319
12 | SHA_2001.011.01 Female NA (®) 18-20 c® 223 298 327
13 | SHA_2002.008 Male NA (®) 35-40 A® 223 290 319
14 | SHA_2001.014.01 Male NA ®) 25-30 D® N/A
15 | SHA_2001.014.02 Female NA (®) 20-25 F® 232 ;ﬁ 304
16 | SHA_2001.019 Male NA (®) 25-30 D 223 319
17 | SHA_2001.018 Male NA (®) 25-29 c® 223 298 327
18 | SHA_2001.016 Undetermined XX () 20-25 U5a ® 256 270
19 | SHA_1999.007 Probable female | n9etermined | o4 5 D® 223
20 | SHA_2001.015 Male NA ® 25-35 A® 223 290 319
21 | SHA_2002.023.01 Probable male | UMdetermined | 5q g F o 232 ;ﬁ 304
22 | SHA_2002.024.01 Male NA ) 25-35 D® 223 gig 311
23 | SHA_2002.022 Male NA ®) 19-22 F (0] 232 ;ﬁ 304
24 | SHA_2002.021.01 Male NA ® 25-30 G2a ® 223 ;5; 262
25 | SHA_2002.024.02 Male NA ® 12-15 AB 223 290 319
26 | SHA_2007.090 Male XX 18-20 AN 223 227 290
27 | SHA_2007.096.02 Female XX 30-35 DA 223 319

® mtDNA and molecular sex from Shamanka |l were determined by Thomson (2006) (Thomson,T. 2006)

* re-analyzed mtDNA haplogroups from Shamanka Il samples
A newly analyzed Shamanka Il samples
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Appendix 2.2. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Kurma Xl individual (KUR_2002.010), tooth sample ID 2003.099.
Two base substitutions at 16223(C>T) and 16260 (C>T), Haplogroup Z.

Forward:
» Apphed KU-099-L16211_B05_120621b1.2b1 K812 KBhep
Blosystems KU-089-L16211 KB_3130_POP7_BDTv3 mob
Signal: G:218 A525 T:534 C:636 AvgSiy: 453 C#3 W:B5 Plate Name:120821b1 TS:31 CRLA08 QV20+105

vy, g i 4 it i B sgn i slhovew s sl al b anantons san tannunlanlll
NN NN NN NNN N NENENNN TcH N NN NACTCCaAAGCCACTCC TCACCCAC TAGG ATACCAACAAAC
5 10 15 20 25 30 3% 45 50 55 60 65

16260 C>T

50 100 130 20 20 00 3% 400 450 500 550 600 650 00 750 800

Tatlas slann vnnnle banalonnnn
CTACCCacCCTTAACAG TACATAG TACATAAAGCCA

70 75 80 85 90 95 100 105 10 115 120 125 130

T -

050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 180D 1650 1700 1750 1800 1850 1900 190

tlanannalnal..
TCCCTTCTCGTCHN
135 140 145
6000
2000
2000
-||||'||||||\||||||\llllil\\lll\l\\Ill\l‘\l[l‘l\\!‘l\\l‘l\l\‘l\l\l\\l\l\l\\l\l\\l\l\l‘\l\\ll\\l‘\l\l
2 200 250 20 D 200 2 M0 M 200 /6D 0D 20 00 N 0 20 200 20
Reverse:
N A Iied KU-099-H16346_A05_120621b1.ab1 KB 1.2 KB.bcp
h D Biosystems KU-088-H16348 KB_3130_POP7_BDTv3 mob
Signal: G:2083 A1019 T:1898 C:485 AvgSig: 1374 C#1 WAS Plate Name:120621b1 T$27 CRLSS QU20+86
e, wu |5 ma i B s g T P R TR o e T (e
WNNNN NNEN M o NA BN GC TTTNTG NNC TH TG TAGTG TTAAGGGNGGG TAGG TTTG TTGG TATCC TA

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 90!

0 950
= = = =l i s Dami | om am wm'll=l IR R TR T N T |
N NGGG NGANG AG TGGC TTTGGAg TTGCAG TTGATGTGTGATAGg TTGAAGGTTGATTGCTGTAC
70 75 80 856 a0 95 100 105 110 120 125 130
2000 16260 C>T 16223 C>T

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1760 1800 1850 1900 1950

1 IToalnal.
Tg tAAGCATGG g

135 140 145

2000 —|

1500 —
1000— ’\‘
=Ml
2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 2900 2950
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Appendix 2.3. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Kurma Xl individual (KUR_2003.018), tooth sample ID 2003.001.
Two base substitutions at 16223(C>T) and 16224(T>C), Haplogroup D.

Forward:
Apphed 2003-001-L16211_D07_130118b.ab1 K312 KBbep
Blosystems 2003-001-L16211 KB_3130_POP7_BDTv3mab
Signal: G:181 A:368 T:385 C-416 AvgSig: 332 C#7 W:DT Plate Name: 13011801 T5:36 CRLA15 QV20+:108
Ehid oopie it R, e sl laant B Dol n Bl Donnnauaalne 000l 0ununnlly ..
bl i § AN BN NNACACA TCHll CHG caa CTCCAAAG CCACCCC TCACCCAC TAGG ATACCAA CAAACC TAC
5 0 15 20 2 30 3 4 45 50 55 80 65 70
4000
2000

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

e —anmnulomnwana P RDRD DRDRRRRDRRRRDRRRDR 0RRRRRRRRIDRTORORR NRanlll
CCNCCCTTAACAGTACATAG TACATAAAGCCATTTACCG TACATAGCACATTACAG TCAAATCCCTTC
75 80 85 %0 95 100 105 110 15 120 125 130 135
4000—
2000

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1800 1850

| [ Em—
tceTcclall
145
4000
2000
HEYAVAWAYAY
B LA R B o o B o o s R LR RS R S A L
2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 2500 2950
:
Reverse:
Apphed 2003-001-H16346_EQ7_130118b1.ab1 KB12 KBbep
Blosystems 2003-001-H16346 KB_3130_POP7_BDTv3 mob
Signal: G:1456 A:499 T-986 C:286 AvgSig: 806 C#9 WET Plats Name:130118b1 TS:41 CRL:113 QV20+:118
T e ey B | e e R e R I R T IN RN EN RN TN NN N P
NNEN NN BN G NA NNGCTTTNTGTACTATG TACTG TTAAGGGTGGG TAGGTTTGTTGGTATCCTAg IG
5 10 15 20 2% 30 3% 40 45 50 55 80 85

1000

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

o Do RRDRRRD RN e DRRRR D R R RN R n b g 0NN RN nnnnnts
GGTGAGGGGTGGCTTTGGAGTTGCAGTTGATGTGTGATAGTTGEGAGGTTGATTGCTGTACTTGCTTG
70 75 80 85 %0 95 100 105 1 115 120 125 130

16224 T>C 16223 C>T

ELL TN

L L L L L B L R L R R R R R N R R R R RN LR R
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Appendix 2.4. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Kurma Xl individual (KUR_2002.013), tooth sample ID 2002.121.
Three base substitutions at 16223(C>T), 16290(C>T), and 16319(G>A), Haplogroup A.

Forward:

||ed 2002-121-L16211_B07_130118b1.ab1 KB12 KBbep
Blosystems 2002-121-L16211 KB_3130_POP?_BDTv3.mob
Signal: G:62 A1183 T:129 C:135 AvgSig: 122 C#3 W.B7 Plate Name:130118b1 TS:30 CRL111 QV20+108
Lo R o allacnsnmuannloonontnannlol Thogannntlin..
|NNN Nl ANNA N NANNEN T clAC NG A CTCCAAAGCCACCCC TCACCCAC TAGE ATACCAACAAACC TAL
| 5 10 15 20 2% 30 3% 40 45 50 55 60 65 70
5000—
4000~ 16290 C>T
3°°°_‘|
2000—

50 100 150 200 2450 300 350 400 450 500 350 600 650 700 750 800 850 900 950
| . oot ann FRR N o RRDRRRRRD Rl bR RRR0 o snna Bl uwnnn 0 B0l aun sunlalans
CcaCCCTTAACAGTACATAGTACATAAAACCATTTACCGTACATAGCACATTACAGTCaAATCCCTTC
i 75 80 85 90 95 10 105 110 15 120 125 130 135 140
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Reverse:
Apphed 2002-121-H16346_C07_130118b1.ab1 KB 12 KBbep
Blosystem S 2002-121-H16346 KB_3130_POP7_BDTv3.mob
Signal: G:226 A:86 T:143 C:42 AvgSig: 124 C#5 W:C7 Plate Name:130118b1 TS:38 CRL:116 QV20+:111
[ GRS O S e 1 " sn anl 0o 0 ol BR BB anlB R RRRDODRE R allle o .
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5 10 15 20 25 30 35 40 45 Vo 55 80 85 70
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50 100 1
. s RN RN DR A DR RRRRRR DR RORR nnnnn. o RRRRR D RRDRRRRn nn RRDRORONRRn
GGtgagGGGTGGCTTTGGAGTTGCAGTTGATGTGTCGATAGTTGAAGGTTGATTGCTGTACTTGCTTG T
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T l ‘ l ‘ l
A0 WA o A A AR AN AR
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111isnl
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1000
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Appendix 2.5. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Kurma Xl individual (KUR_2003.024), tooth sample ID 2003.030.
Four base substitutions at 16232(C>A), 16249 (T>C), 16304 (T>C), and 16311 (T>C), Haplogroup
F.

Forward:
Apphed 030-L18211_C03_ 13032701 b K812 KBhcp
B|Osy5tem5 0304016211 KB_3130_POP7_BDTv3mob
Signal: G:249 A:524 Ti438 C:570 AvgSig: 45 C#:5 WG Plate Name:130327b1 7540 CRLA18 QV20+117
R T e | aibBatl BB Daaln DR D000 Bunw b B B nnlalnldonnonanas
NN N NN N B M ANACA TCACTG caACCCCAAAGCCACCCC TCACCCAC TAGG ATACCAA CAAACC TACC
5 10 15 2 2 ) % 4 % 50 5 80 6
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o llnpla IRRRRRRRIRRORNNNI BRI ENNERARE]
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= -
——
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2000—
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Appendices for Chapter 3
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Appendix 3.1. Lokomotiv cemetery map (Mooder et al. 2005).
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Legend
(1) Grave cluster No. 1: Raisovet No. 1 - 15
(2 Grave cluster No. 2: Lokomotiv No. 1 - 25
(3 Grave cluster No. 3: Lokomotiv No. 26
(@ Grave cluster No. 4: Lokomotiv No. 27 - 32
(3) Grave cluster No. 5: Lokomotiv No. 33 - 37
@ Grave cluster No. 6: Lokomotiv No. 38, 39
(7 Grave cluster No. 7: Lokomotiv No. 40 - 44
. Crave

[ | Unexcavated area (> 50 graves)

] Gerasimov's 1928 excavation (5 graves)

Adapted with permission from [Matrilineal affinities and prehistoric Siberian mortuary
practices: a case study from Neolithic Lake Baikal. Mooder,K.P.; Weber,A.\W.; Bamforth,F.J.;
Lieverse,A.R.; Schurr,T.G.; Bazaliiski,V.l.; Savel’ev,N.A. Journal of Archaeological Science. 32 (4).
Copyright © 2005 Elsevier] (License number 3538520125679).
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Appendix 3.2. Shamanka Il cemetery map with mtDNA haplogroup and molecular sex assigned
to the individuals (Thomson,T. 2005).
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Appendix 3.3. Ust’-Ida cemetery map (Mooder,K.P. 2004).
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Appendix 3.4. Reagent preparation

Extraction Buffer

The extraction buffer (0.45M EDTA (Sigma-Aldrich, Ontario, Canada), 0.25mg/ml proteinase K
(Sigma-Aldrich, Ontario, Canada), pH 8.0) was filtered using a sterile PVDF filter (0.22 uM,
Millex- GV). Each extraction required 10 ml of extraction buffer per ~ 0.5 g bone or tooth
powder. The buffer was autoclaved for 20 minutes at 121degrees C and freshly prepared before
each extraction.

Binding Buffer

Each sample required 40 ml of the binding buffer (5M Guanidium Thiocyanate (GuSCN,
OmniPur, MA, USA), 0.025M NaCl (Fisher Scientific, NY, USA), 0.05M Tris (Invitrogen, NY, USA).
The buffer was autoclaved for 20 minutes at 121 degrees C before adding the guanidium
thiocyanate and freshly prepared before each extraction.

Washing Buffer

Each sample wash required 1 ml washing buffer (50% (v/v) ethanol, 0.125M NaCl, 0.01M Tris,
0.001M EDTA, pH 8.0). The washing buffer was autoclaved for 20 minutes at 121degrees C
before adding the ethanol.

Silica Suspension

The silica suspension was prepared using 4.8 g silicon dioxide (~99% purity, Sigma-Aldrich, ON,
Canada) suspended in Milli-Q water to a final volume of 40 ml and left to settle for 1 hour. After
this, 39 ml of the supernatant was transferred to another container and left to settle for a
further 4 hours. Finally, 35 ml of supernatant was discarded and 39.2 pl of 10N HCL (Fisher
Scientific, NY, USA) was added to pellet. The silicon dioxide suspension was divided into small
aliquots (80 ml), autoclaved for 20 minutes at 121 degrees C and stored in the dark. The
reagent was stable for one month at room temperature. A 100 pl of silicon dioxide suspension

was added to each sample.



Appendix 3.5. Discrepancies between morphological and molecular sex from four Cis-Baikal

cemeteries (Lokomotiv, Shamanka II, Ust’-Ida and Kurma XI).

Master ID Morphological Sex Molecular Sex
LOK_1980.004 Female Xy @
LOK_1980.014.03 Immature Xy?
LOK_1981.024.01 Immature Xy @
LOK _1988.038.01 Ambiguous Xy?
SHA_2002.021.03 Undetermined Xy b
SHA_2002.023.05 Undetermined XY ©
SHA_2002.023.04 Undetermined Xy b
SHA 2001.012 Undetermined XY ©
SHA_2001.016 Undetermined XX °
SHA_2001.013.03 Probable Female Xy ®
UID_1987.009 Immature Xy @
UID_1989.030 Female Xy ?@
UID_1991.042 Female Xy @
UID_1989.026.04 Immature Xy?
UID_1989.026.05 Immature XX?
UID_1989.030 Female Xy @
UID_1989.031 Immature Xy?
UID_1993.044.01 Immature XX?
UID_1993.044.02 Immature XX
UID_1993.044.03 Immature Xy @
UID_1994.053.02 Immature Xy @
UID_1988.018 Immature xX?
KUR_2003.018 Probable Female XY
KUR_2002.007.01 Undetermined XX

e ?Molecular sexing determined by Mooder (2004) {{135 Mooder,K.P. 2004; }}.
e "Molecular sexing determined by Thomson (2005) {{134 Thomson,T. 2006; }}.
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Appendix 3.6. Primers and PCR amplification conditions used for mtDNA amplification of the
HV1 region and amelogenin (molecular sex) determination analyses.

Tested . Length Annealing Primer
. Primer Sequence . Reference
Region (bp) Temperature | Concentration
HVI H16346 5'-GGGACGAGAAGGGATTTGAC-3' 176 56°C 1.0 pM KNILO;((:I)EZ)
L16211 5'-CCCATGCTTACAAGCAAGTA-3' 176 56°C
. . , o (Mannucci,
Amelogenin Amell 5'-CCCTGGGCTCTGTAAAGAATAGTG-3 106/112 62°C 1.0 uM A.1994)
Amel2 5'-ATCAGAGCTTAAACTGGGAAGCTG-3' 106/112 62°C
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Appendix 3.7. Polyacrylamide gel stained with ethidium bromide illustrating an example of PCR
amplification of amelogenin. Lanes 1 and 2 show the male and female positive controls,
respectively, lanes 3 and 11 show the PCR negative controls, lanes 4, 5, 6 and 7 show males of
Shamanka Il, lanes 8, 9 and 10 show females of Shamanka II, and lane 12 shows the ladder.

1 | 2 [ 3] 4] 5 | 6 ] 7] 8 ] 9 ] 10 | 11 ] 12]
Control  Control  Negative SHA_ SHA_ SHA_ SHA_ SHA_ SHA_ SHA_ Negativi r
Male Female  Control 2005. 2004. 2004. 2006. 2007. 2007. 2008. Control (2) 322

(1) 059.0 052 044.0 083.0 090 096.0 103.0 A- Mspl
1 2 1 2 1 - Digest)
o
=
—

112b
lObep . —
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Appendix 3.8. Primers used for the Y-chromosome two multiplex PCR reactions to amplify 13
regions containing Y-chromosomal SNPs (Bouakaze,C. 2007).

PCR primer sequence (5'>3') . Primer
Amplicon .
Marker . Concentration
Forward Reverse size (bp)
(LM)
Multiplex |

M 1 7 3 TTTTCTTACAATTCAAGGGCATTTAG CTGAAAACAAAACACTGGCTTATCA 8 1 O . 3
M 1 7 5 AGTACCCAAATCAACTCAACTCCAGTG CTGATACCTTTGTTTCTGTTCATTCTTGA 1 OO O . 2
Mz 17 GATTCTTTAACTTGTGAAGGAGAATGAA CGTAAGCATTTGATAAAGCTGCTGTG 1 15 03
M45 GGTGTGGACTTTACGAACCAACCTT TATCTCCTGGCCTGGACCTCAGAAG 1 19 04

RPS4Y711 TGGTGGGATGTTGTTTTTCTCTCCT CAACAGTAAGTCGAATGCCCTTTCC 123 045*
M 1 7 ATTGGGGAATACCTGGTCATAACA AATAGTTTGGCCACTTAACAAACCC 1 24 04
M 2 1 6 TCCTCAACCAGTTTTTATGAAGCTAGA GCAAAAGATAATTGTTCCAGGGTAAGC 145 O . 2

Multiplex I

M 9 TCAGGACCCTGAAATACAGAACTGC TTGAACGTTTGAACATGTCTAAATTAAAG 9 3 O . 3

9 2 R 7 TTTAAATCCCTCCTATTTGTGCTAACCA CACTTCTTTTCAGAAAAATGCATGAAC 1 07 0 . 3 5

M 3 AATGTGGCCAAGTTTTATCTGCTG GGCATCTTTCATTTTAGGTACCAGCTC 1 1 1 0 . 15
TAT GACTCTGAGTGTAGACTTGTGA GAAGGTGCCGTAAAAGTGTGAA 1 1 2 O 2
M 89 TGGATTCAGCTCTCTTCCTAAGGTTAT CTGCTCAGGTACACACAGAGTATCA 1 3 5 O . 2

M242 GCATAGAAAGTTTGTGCAAAAAGGTGAC GGGCTTTCAGCATAATACCTTACCTAGAA 155 025

*The primer concentration was modified from the published concentrations.

Adapted with permission from

[First successful

assay of Y-SNP typing by SNaPshot

minisequencing on ancient DNA. C. Bouakaze. International Journal of Legal Medicine. 121 (6).
Copyright © 2007 Springer] (License number 3543231274331)
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Appendix 3.9. Primers used for the Y-chromosome two SNaPshot reactions (Bouakaze,C. 2007)

. . Primer
Marker Poly Neutral sequence Target specific sequence *) I.>r|mer Concentration
(dC) (5'=>3") (5'=>3') size (nt)
(LM)
SNaPshot |
M 1 7 5 2 AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAA | CACATGCCTTCTCACTTCTC F 6 2 0 . 2
M 2 1 7 - - | TTATGTATTTTTCCTTCTGAAGAGTT R 26 0 . 1
M 4 5 - CGTCGTGAAAGTCTGACAA | CTCAGAAGGAGCTTTTTGC R 3 8 0 . 7 *
RPS4Y711 - ACTAGGTGCCACGTCGTGAAAGTCTGACAA | GGCAATAAACCTTGGATTTC F 50 05
M 1 7 - TGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAA | CCAAAATTCACTTAAAAAAACCC R 60 O . 1 8
M 2 1 6 2 1 AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAA | TGCTAGTTATGTATACCTGTTGAAT R 8 6 0 . 4 *
SNaPshot II
M 9 1 2 AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAA | CATGTCTAAATTAAAGAAAAATAAAGAG R 80 O . 2 7
9 2 R 7 - TAAACTAGGTGCCACGTCGTGAAAGTCTGACAA | CATGAACACAAAAGACGTAGAAG R 5 6 O . 47 *
M3 - - | ceTAccAGeTCTTCCTAATT R 20 0.05*
TAT 2 AACTGACTAAACTAGGTGCCACGTCGTGAAAGTCTGACAA | GCTCTGAAATATTAAATTAAAACAAC R 6 8 O . 1 3
M 89 - GCCACGTCGTGAAAGTCTGACAA | AACTCAGGCAAAGTGAGAGAT R 44 0 . 2
M 2 4 2 - GAAAGTCTGACAA | AAAAGGTGACCAAGGTGCT F 3 2 0 . 2

*The primer concentration was modified from the published concentrations.

Adapted with permission from

[First successful

assay of Y-SNP typing by SNaPshot

minisequencing on ancient DNA. C. Bouakaze. International Journal of Legal Medicine. 121 (6).
Copyright © 2007 Springer] (License number 3543231274331)
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Appendix 3.10. A flow chart summarizing the multiplex reaction and the SNaPshot steps, the
colors represent the four DNA bases dyed with defined fluorescent dyes (Sanchez,J.J. 2006).
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Adapted with permission from [Developing multiplexed SNP assays with special reference to
degraded DNA templates. Juan J Sanchez, Phillip Endicott. Nature Protocols. 1(3). Copyright
©2006 Nature Publishing Group] (License number 3537380517257)
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Appendix 3.11. Phylogenetic tree representing sub-haplogroups of the major haplogroup Q,
which is identified by M242 SNP site of the Y-chromosome (Karafet,T.M. 2008). We are
interested in three sub-haplogroups (Qla*, Q1a2 and Qla3* squared) that are defined by three
Y-chromosomal SNPs (MEH2, M25 and M346 circled, respectively).

Qla3a*

M242

M19

Qla3ai

"L m104

™

Qla3a2

M199, P106
P292

Q1a3a3

1 Qlad

5 i Q1a5

M323

Q1ab6
Qib

M378

Adapted with permission from [New binary polymorphisms reshape and increase resolution of
the human Y chromosomal haplogroup tree. Karafet,T.M.; Mendez,F.L.; Meilerman,M.B.;
Underhill,P.A.; Zegura,S.L.; Hammer,M.F. Genome Research. 18(5). Copyright © 2008 Cold
Spring Harbor Laboratory Press]. Genome Research is an open access journal, which permits
non-commercial use, distribution, and reproduction in other forums, provided the original
authors and source are credited.
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Appendix 3.12. Y-DNA sequence electropherogram obtained from SNaPshot | analysis of
Lokomotiv individual (LOK_1990.042) representing Haplogroup K. These plots were obtained
using GeneMapper 4.0 software. Each peak labeled with the SNP marker and the base
substitution designating it.
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Appendix 3.13. (continued) Y-DNA sequence electropherogram obtained from SNaPshot I
analysis of Lokomotiv individual (LOK_1990.042) representing Haplogroup K. These plots were
obtained using GeneMapper 4.0 software. Each peak labeled with the SNP marker and the
base substitution designating it.
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Appendix 3.14. Y-DNA sequence electropherogram obtained from SNaPshot | analysis of
Lokomotiv individual (LOK_1980.006) representing Haplogroup R1al. These plots were

obtained using GeneMapper 4.0 software. Each peak labeled with the SNP marker and the
base substitution designating it.

M17(G)
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Appendix 3.15. Y-DNA sequence electropherogram obtained from SNaPshot | analysis of
Lokomotiv individual (LOK_1985.031.02) representing Haplogroup C3. These plots were

obtained using GeneMapper 4.0 software. Each peak labeled with the SNP marker and the
base substitution designating it.
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Appendix 3.16. (continued) Y-DNA sequence electropherogram obtained from SNaPshot ||
analysis of Lokomotiv individual (LOK_1985.031.02) representing Haplogroup C3. These plots

were obtained using GeneMapper 4.0 software. Each peak labeled with the SNP marker and
the base substitution designating it.
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Appendix 3.17. Y-DNA sequence electropherogram obtained from SNaPshot | analysis of
Lokomotiv individual (LOK_1980.010.03) representing no haplogroup assigned due to some
missing SNPs. These plots were obtained using GeneMapper 4.0 software. Each peak labeled
with the SNP marker and the base substitution designating it.

1 30 1] =
_— . ! 9

M216(G)

M175(T)
RPS4Y,,(C)

L TREL T e ——

ES— . P ——— ks -

Appendix 3.18. (continued) Y-DNA sequence electropherogram obtained from SNaPshot ||
analysis of Lokomotiv individual (LOK_1980.010.03) representing no haplogroup assigned due
to some missing SNPs. These plots were obtained using GeneMapper 4.0 software. Each peak
labeled with the SNP marker and the base substitution designating it.
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Appendix 3.19. Y-DNA sequence electropherogram obtained from SNaPshot | analysis of
Ust’lda individual (UID_1989.029) representing haplogroup Q. These plots were obtained using
GeneMapper 4.0 software. Each peak labeled with the SNP marker and the base substitution
designating it.
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Appendix 3.20. (continued) Y-DNA sequence electropherogram obtained from SNaPshot Il
analysis of Ust’lda individual (UID_1989.029) representing haplogroup Q. These plots were
obtained using GeneMapper 4.0 software. Each peak labeled with the SNP marker and the
base substitution designating it.
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Appendix 3.21. Y-DNA sequence electropherogram obtained from SNaPshot | analysis of Male
control. These plots were obtained using GeneMapper 4.0 software. Each peak labeled with
the SNP marker and the base substitution designating it.
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Appendix 3.22. (continued) Y-DNA sequence electropherogram obtained from SNaPshot I
analysis of Male control. These plots were obtained using GeneMapper 4.0 software. Each
peak labeled with the SNP marker and the base substitution designating it.
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Appendix 3.23. Negative Control sequence electropherogram obtained from SNaPshot I. These

plots were obtained using GeneMapper 4.0 software. Each peak labeled with the SNP marker
and the base substitution designating it.
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Appendix 3.24. (continued) Negative Control sequence electropherogram obtained from

SNaPshot II. These plots were obtained using GeneMapper 4.0 software. Each peak labeled
with the SNP marker and the base substitution designating it.
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Appendix 3.25. Female Control sequence electropherogram obtained from SNaPshot I. These
plots were obtained using GeneMapper 4.0 software. Each peak labeled with the SNP marker
and the base substitution designating it.

20 40 B2 80 100 120 149
p n n R =t e - = SR

Appendix 3.26. (continued) Female Control sequence electropherogram obtained from
SNaPshot II. These plots were obtained using GeneMapper 4.0 software. Each peak labeled
with the SNP marker and the base substitution designating it.
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Appendix 3.27. Q1la3-M346 sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Kurma Xl individual (KUR_2002.007.02) with M346 (C>G).

Forward:
A% |ied 11644348 Fomaand_C0_1407231 1] abd KB12 Kiken
Bmsystems 114 MMEF e K3_1130_PORT_BDTVA mab
Signal: 3372 A 23 T.215 0198 AwyBig: 2780 CRE W1 Flabe Mama 14072301 TEA4 CRL:ET OVZD+:45
----- sen I anmanll n|| s M0 wennl wu.o wanlala 0 halallans 2
il A AR R RENIRCE A 5 AGG s O AAGRGHTT 67 517161 AMT T BT g7 CT ACT AT CAGBTABGCAGAR: g
b 1 on % % # Ye & 0B oE W M OB W W

M346 C>G

] L] 10 a0 X M a0 40 ] ik0 L] il il Til LU = 00

L
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M6 6 mE M oS D 1 um s 1500 1551 80 S W0 e w0 e

(L TR 1]
|
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ﬁ% Applied 1843 08Frvmre_D1_TADTI2H1{1]ab1 KE12 Kikep
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Eignal: 3754 AZEE T412 0285 AvpEg: X1 CAT WD1 Flaka Mama1407228 TEZ2 CRLAEE OVZlw53

se cslomanal loscnana DIID wunulin Bawe o allew o DR DD uuillunus .,
TThe T BT CETCTT GGET GUET TTCOLAT CTARA GM AGBECTc TTART BTTCCTTGT CA GCT CA GAGHN

10 1k o k] n 3 4 L B ® B [ B

]

i h_b.nw wbha al

WEHN NN HENNN B BN NN NRHHN B N NN
W 5 100 105
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Appendix 3.28. Qla*-MEH2 sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Kurma Xl individual (KUR_2002.007.02) with MEH2 (G>T).

Forward:
A‘% Applied IE-MRHIF sevrd_ADG_ 1872261 [1]ab1 KB13 Kikep
, BiOS}'StEH"IS 11E-MEHZFomsand ¥8_3130_POBT_BOTvl.man
Eignal: 512 AS18 T1047 C385 AwyEhy: 635 CF2 WAZ Plrle Masw 14072301 TEAD CRL:B4 OWID+558
——— -1 ] ws Ba HBDDN & 0w wa@Bo Ba DD BOD. 0OEs
FNHHH mﬁlﬁrl'ﬂﬁ !CFﬂ R.H Eﬂﬂﬂa.at|{,ﬁlCA:N.IGC.F.GII'r1GI:ﬁAI'.IH:AIG'GG.M'M GAATTTT CVUGGlR"Gl
£ 5 80

] 100 0 ] 250 X0 360 L1 480 B 1] L] (0] o b} ] A5 U] S50

—cnmallna ann. Blaas Om0mam
FTN"_:AT TTCRAACAQTT QT STTTCLAA NR NHHNHNHHN“NNNN‘"N"H"H N“HH HN“N""“‘ “ N N“H“N" “NHH

|&5 k) % 100 105 110 115 120 125 120 125 140 145 1540 155 163
v I
W Yy |
I "..II]':D.'.I:D: &0 1206 kel 150 1550 o 1450 1500 1550 1608 1450 17 1750 o0 1850 1200 s
| MMM MMMNNHE K
l15E 170 176
Reverse:
A% A "E{i SSRANGA Rmarnn_2_ 1072261 2 12 Kikep
DiYStEmi LT K3_1190 FORT B0Tvimop
Egnal. G089 A 078 1644 262 Awglig: 1082 Cad Wi B2 Puli Nami: 14072201 TEZ0 CALA ChzDwad
L IR : ] e lasal D D0 DTID0aaw DHaaBuninitualuaad 10 5 000N,
FH! H H H N-\ﬁ. i BH N HHI?HI:H GTH t1 GlamanaCT GCATT GAT GARTTTTCTACACTATGCT T TARATTACAT ARATTTT Gan
5 F "R ® oy os & & B BN ON RN
ik MEH2 G>T
™ (Reverse C>A)

Boom # oM W X W o4 0 W W W B M ™ W & W H
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Appendix 3.29. Qla*-MEH2 sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Ust’-lIda individual (UID_1988.016.01) with MEH2 (G>T).

Forward:

ﬁ% App”ed SERARGHF s F04_ALGAUHY ok 12 Kikep

Biosystems e (2_3130_FOT BB et

Gignel: Q2058 AZTTZ T.2008 C-15T1 Awglig 24 0370 WES Plaia Narms 14093061 TE29 CRLAG Chalv7d
T T L Ty e T v TN AR FRTILA L Il B L I FY 1]
HHHHH"‘“GHN'HK."Q:J' AGT B AGARAS TCAT CAMNGCAGTTTTT GCAAT TACAT GT GGAT TAT GAATTT TCA NG
10 1B ¥ 25* ¥ i & i 13 #0 i H b i
MEH2 G>T

m{

PG tlm il nhhlh "{""

10 B

T illl"llll'll "I lllllll | .
|-i|"-"-'QT-"'- ATTCATTTTCARACAGTTGTOTT T-.-HHHH HH HHH HH

| L i b 1L o 11§ 1l 12§

8 %0 mE M0 wE) 10 0 WD ) el iRAD el @R 0 M0 I B W |
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A% ||ed H3-MEHZRmvmrme_FO4_14083081 (1101 KE12 KBkea
Biosystems 2 NEH s K8_319_FOET_BOTYA mab
Signal: 31283 A1 T.1658 740 AwgBig 1224 C#12 WF4 Pt Nersa: 14083061 TS CALEA avilwiiT
h e e T e T e e P TP T T LN T TRITT TR IR
HENH BN BN AR T AAT COACAT GTAATT GUAAARACT GEAT T GAT GAAT T T TCTACACTAT GCT TTAAAT TACATAAATT
£ o % 0 ox 0% % 4 4 o sWYw & 1 % w
I~
Pl MEH2 G>T

Fhverse C>A)
B0 W @M M MW M 40 40 M M0 W @ W M B0 4 W 8

IR R A R LRI Y L SE-NE_EE W - 3
TT GAARAATT GGGOT QAT GGCT TACTCAAAATTI UIHH H'HHHHNHQEHHN“Q EHH NNHHH“ TNE "TH THOCA TTH 'ﬁTﬂH-‘

&5 w0 95 100 105 11 115 1 125 k] 135 140 s 15 15 160 185

(11BN < L 1 R - - R ] (R T T TR ] 126 18 B 1gs 0 7 R0 B0 0 D
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Appendix 3.30. Q1a3-M346 sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Ust’-Ida individual (UID_1991.038) with M346 (C>G).
Forward:

ﬁ% A[J[.'I”Ed 348 Farmard_A12_410061 (1o K12 Kibep
BI'DS}'StEmS 188 MM Forward KA_113_POPT_BDTvmo

Eignial: 02520 A1754 T'1B58 CAMB AwgBig 1737 CRI WAID Plala Narrs: 14100351 TE20 CRLSD Cval+ds

- == s == o= == e = m= W o= = = w0 Illl 'llll L]
BMENEN NN B NAH HEN H HH H K HHHHHHHHPIIHHGH HRI‘IGCIIH:CMHME;:HE TAAG AgCTLG T

§ 10 15 a b 3 40 4 50 ] W &k
M346 C>G

il 1] g1} 2 0 ¢ 1] ] 4 ] | i im L] full Tl B 1] L] a0
i NI IR I I N I T I TR '
CTTIBTAAATTGC TR TCETAL Tk'HWTNEBMAﬂTMDI&EMHHlﬂ N NN"" HHH“NN

0 75 & -3 0 F] 00 1 110 115 120 135

{11 L - R 1] (= TR R 1] 13 145 196 1550 11 L R 1] 156 w0 e 190 &

Reverse:
m Applied 1BB-ERmvaran_FOJ_ 14083061 (1) b1 KB12 Kibea
0 Bmsystems [E-RTEEET RN KE_¥130_FOBT_BDTvlmob
Eignal: 31022 A TeE TEIT 744 AwgBig: B9 CHRAZ WF2 Plaks Mo 18083061 TEZD CRLE1 OWIl+:5d
= S S -.--.-l--llllu.l sxmn WEOD. B0 OO0 W BORORE AN BaHRREONON . =
HEHN BN B A~HE B ABNCHCTHEETHE TCCTET T GGET GECT TTCCCATCTARAGATAGGECTCTTAAT BTTCET TGT CAGEL €
| 1 10 18 20 2% b ] 40 48 50 13 ] [ 7o 7 ]

W M B0 AN @0 K0 X0 4 40 :m MW M0 oW We MM B8R &% EW %0
inim 5 EE oW -m miC i _m_u_ an _ o m_B0_ Bhles _ =
l‘lﬂ-ﬁ-ﬂ-\wllli ENEE N AN R NHNN N HHHNHNGNNNHH#MNNNHNHHHQ H-ﬁ HT.QNCNQQTHNT“G'IH CHT CTAT{N NN
| &5 k4] =) 00 105 11 115 120 125 130 135 140 145 150 155
3000 f
1000 1 .-un‘,rﬂ

1050 1900 LR ET] 1200 TN 130 1350 14 1450 1500 1550 1603 1450 1w 1750 ] L] 1900 TS
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Appendix 3.31. Qla*-MEH2 sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Ust’-Ida individual (UID_1989.026.01) with MEH2 primer
representing L914 SNP (T>G) site.

Forward:
A‘E Apphed A arward_ £13_{ 100864 a1 KB1Z Kl
= Biosystems o MERSFonrd 8,319 _PORT_BOTVimat
ignal 01657 A-1879 T/2634 G112 gy 1672 C#5 W12 Plala M 14400381 TE34 CALDS CVI0Y
By s SRR RN ey T | JSNeA BTN ey o sun IR00aa RRR DRRRODS
NN BN H HEN HHMNE IR M NHRGTA TTTAAGCATAG TGG AN Anani TCATCAATGCAGTTTTTEE
] 1 18 o0 ] 1} ki L} a6 1] 4 &
m_
1500 =

1000—
0 =

o] m W @ W X MW A 40 M 0 W @ M T N 0 Wm0 9

A N T (N R NN TR R AN R RN IO NN N ETARAI NN N e o
BATTAGAG BTG OATTATOAATTTTCATGOTATATATAT TCAT TTTCARACAGTTETOT TTeean N

3 1W ] & 85 0 g W0 W 0 1S 12 PR |
- L1914 T>G I]

Reverse:

ﬁ% Appﬁed A90MEHIRrvmre_HEL4_1 40B301 (1] bt KB12 KRkep

Biosystems I NER R Ka_31%9_POFT_BOTvimab
Eignal: 31121 A1051 T:1482 C845 AegSig: 1078 C#IE WHA Plaba Nars 14093001 TE:25 CRLES OWVIOw: 104
e I e A T T T A e A T AR A AR R RN LI NPT R
HHHBENE & BNENTAAT COACCT GTAATT GUARARACT GCATT GAT GAATT T TCTCCACTAT GET TTAAAT TACAT AAATT

B w # 23 x & & 4 ® B M 8 B B M

2000 ~ L914 T>G

il L] ] i 20 o ¥ 40 0 L} Eh] om L] g i B o 0 950

(AR EEnnan DR DR R D o0l DR ccnn e o 1 I 0.s T T ey e i
|T_ﬁ-‘--‘--'-ﬁ-’-TTﬁﬁﬁﬁ' BATQGCT TACTGAAASTEY go MNMNTHAAAGCHNAGT GQAGA A NTTCATGCHT QCHNNNTTTHNN GTH

;13 a0 ] 10 5 11 115 130 135 10 1% 140 145 150 155 180

{115 150 L] 130 ] 13K 1353 Wi 145 150 1560 (L] 1850 iu] 150 ] (1] 130 7]
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Appendix 3.32. K-M9 sequence electropherogram obtained from the forward (top) and reverse
(botton) sequences of Shamanka Il individual (SHA_2002.021.02) with M9 (C>G).
Forward:

A% NEd 5RO 1 K
Biosystems A (2.4 2081 B0
Eq“ Qe A T.ﬁ?ﬂmmw.m G2 WA Pl Maswo 14102181 TEAZ CRLAY OVZledT

P . v = —moms Foemm aml osme Leononlla sl a1l is
HAHE NN BHEN HHIHHHHH Hmﬂﬂim-’ﬂﬁh AAGEtCTTaTTTITICTTIAA T TTAG ACATG
I

b i i . L R
M9 C>G

oW % A W X MWOo4 40 W W W O W ™M o & W W

alainl
FTHMHETHM!HHHHH NHHHH HHHHHHHHHHHHHH HH NHHH T HHH H HHHHHHHHI‘IHH

| mon % & . 9 w1 1 115 wo1n

M6 10 vE M0 0 D S w0 s D B e s I B W0 0 ol v

Reverse:
A% pplied S5T-MB MO Remrne_A_1412151 (1) nbd K12 Kibep
Blusystems 25T-MBb-MTRversa Ka_1130_POE?_BOTvA mab
Eignal: 3:1384 A-1107 T:1345 C858 AwgEig: 117 CE4 WBL Plite Moswcid102181 TE18 CRL2% OWZl+:33
e, | iy ey s e ey M iy e - - == mm .. «0.._w.a- 11 1 T |
Nl W HE AEN BN BN B EE »~ BEE BB B N SHEES §R.TTHACS TCTtANGCCG TTTETTTGCAS TTC 1g
[ 10 15 = % TR 40 48 8 55 o
2000 =
1500 —
1000 =
50 —] ] f
m 03 i1 ] 25 X ] 0 420 i) 1] LCi1) (o] M Tl Bl 420 ] 950
amEa Bom_nwe allactillan._a_ __. 1
AT TTCAGH N MCGt g T W WA Mo W AN RN RN AR AN 3 AE ArtocTolT TARTTTICT TTAATHT A M iTe TTOH W
T 75 B BS B0 @5 i0d 105 i 115 120 125 120 135 1ad
2000 — i
1 5y = |
1560 — |
el T . I

{[152] 1900 M5 1200 ir ] 150 1350 i 145 150 1550 1600 LE] GRliT] 1750 L] 1] 19360 1A
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Appendix 3.33. R1al-M17 sequence electropherogram obtained from the forward (top)
sequences of Shamanka Il individual (SHA_2002.021.02) with M17 (4G>3G).
Forward:

A% ||p_d SET AT oML 1 K12 Kk
Biosystems T o 8.0 209 200 et
Bl CEIDATOT 163 CElE Ay 1302 CA2 WA Pl N 41 TE % CALSH CVH 4

v abebnn el EVRREED oo wnl bonnnn i swnnan il hianin
HHHHHHHHWHAHHHHE-‘;&.HW T GeT TR T aaT T A Gaa T T T T GTGARTT TTRGGRTT A

b L |- 5 0% % I BB B B oW
M17

- 4G>3G

0w % o B X XM o4 # MO W oW M M W oMW W W W

| iowmiwowiioiin om iaw. n cilin. v i Lo miilll. a
|‘IIH“HHHHH'IHHHH“HHH WO AAN NABRANR §ARHAN HHHHHNHHHHNH MR HHNHHHHMHHH

- W 10 W W M 1 E W % W

1T T A ' O R /A [ " NN | N - AT
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Appendices for Chapter 4
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Appendix 4.1. Polyacrylamide gel electrophoresis picture illustrating the Bacterial PCR
amplification reaction with 16S universal primers to test if the source of contamination was the
extracting reagents

Negative Bacterial Bacterial Bacterial Bacterial . Ladder (pBR322
. Extract Extract Negative
control Master Mix EBb [ [ Extract Extract EBa DNA- Mspl
2) dilution dilution 2) 1) Control (1) Digest)
1:100 1:10
= - = - -

3
1

Only the bacterial DNA gave amplification results with the 16S primers indicating that the
source of contamination is not the extracting reagents. The amplicon size is at ~500 bp.
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Appendix 4.2. Polyacrylamide gel electrophoresis picture illustrating the evidence of
contamination from mtDNA primers (H16346, L16211) through using bacterial DNA extract for
PCR amplification.

Bacterial Negative Bacterial Negative Bacterial Negative Ladder

Positive EBb EBa DNA Extract Control DNA Control DNA Control (PBR322
Control 3) 3) Extract 2) Extract (1) DNA- Mspl

(2) (1) Digest)

s s S’ Sl ol

Bacterial extract (2) and Bacterial extract (3) show a faint band at 176 bp, which is the mtDNA
amplification product when conducting PCR with H16346 and L16211.

The negative controls and the EBa and EBb are not shoing any evidence of contamination. Also,
bacterial extract 1 is not showing any evidence of contamination indicating that the
contamination exists but with very low quantity.

Appendix 4.3. Polyacrylamide gel electrophoresis picture illustrating PCR amplification of
bacterial DNA extract using the Amelogenin primers (Amel 1 and Amel 2).
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Ladder Positive Negative Bacterial Bacterial Negative | Positive Ladder
(pBR322 DNA Master Master
DNA- Msp! Control Control Extract Mix (2) Mix (1) DNA Control Control (pBR322 DNA-
P @) ) 2 Extract (1) o) (1) Mspl Digest)

Digest)

Master Mix is the PCR mix only without adding bacterial DNA extract, which is also considered a
negative control. The excess use of negative control is to detect the slightest amount of
contamination in any of the negative control.

The two bacterial DNA extracts did not show any amplification product indicating that there is
no contamination detected through the PCR amplification using the Amel 1 and Amel 2 primers.
The positive controls were for a female, so there is a big band with amplicon size 106 bp. There
is a strong evidence of unspecific priming that could be due to the annealing temperature (60
degree C) that was later increased to 62 degree C.
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Appendix 4.4. Polyacrylamide gel electrophoresis picture illustrating Y-chromosomal multiplex
PCR amplification reaction of positive male control using two different types of Tag DNA
polymerase (AmpliGold Tag DNA Polymerase, and Platinum Tag DNA Polymerase).

Negative Male Control C';Anatlni)l Negative
Control for with with Control for Ladder
AmpliGold AmpliGold . Platinum (pBR322 DNA-
Paltinum )
Taq Taq Taq Taq Mspl Digest)

Polymerase Polymerase Polymerase

Polymerase

From the Y-chromosomal multiplex amplification results, it is obvious that Platinum Tag DNA
polymerase is better than the AmpliGold Tag DNA polymerase, evident in the presence of all
the expected bands from the multiplex reaction and the intensity and clarity of the bands.



Appendix 4.5. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Shamanka Il individual (SHA_2001.012), bone sample ID
2009.060. One base substitution in the reverse sequence at 16223 (C>T), Haplogroup D.

Forward:
Applied miDNAOBO-L16211_F05_140923b1 (1).ab1 KB12 KBbep
Blosystems mtDNAOBO-L 18211 KB_3130_POP7_BDTva.mob
Signal: G:276 AB04 T:506 C:585 AvgSig: 492 C#:11 WF5 Plate Name:140923b1 TS:32 CRL:123 QV20+:98

. ey o e e N e R T e N e e A AR RN A R R ) P
RN NNNNNE BN NNNNNCA T NAACT GC ACTCCaAAGCCACCCCT CACCCACTA GGat ACCAACAAACCTACCCACCCTTAACAGT

5 10 15 20 25 30 35 40 45 50 55 60 85 70 75 80

50 100 150 200 250 300 350 400 450 500 550 600 850 T00 750 80O 850 900 950

oo xR RRRRRRRRRN R RuRR RN RN RR R0 RRallnll.e. ol R
FUNNN Gt aCATAAA GCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCca NN N NNNN

90 95 100 105 110 115 120 125 130 135 140 145 150

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950
I
Reverse:
N\ A ||ed miINAQBO-H16348_E05_14092301 (1) b1 KB1.2 KBbcp
: 'B|05ystems miDNAOBO-H16346 KB_3130_POP7_BDTv3 mob
Signal: G:1780 A:664 T:1098 C:394 AvgSig: 984 C#9 WES Plate Name:140923b1 T$:35 CRLA22 Q204119

losysorsisonr gy W) = sl e AU sennnn Pnnmn DO mmen D 0aalDDalD DR D cuun bR and i lalbalduun an
WNN NN MNGNANGNNTTTAT GTACTAT GTACTGTTAAGGIT GGGTAGGTTTGTT GGTATCCTAGT GGGT GAGGGGT Gge TT

5 10 5 2 % W 3% 4 & N 5 e & 0 75 80
2000/ \
1500 \V\ A
1000 M\
- g B 'r /"\'\ A / 1 J f f ﬁ ii
OO ) A..Lt N AV W W
50 100 130 200 250 300 350 400 450 500 580 600 850 700 T30 800 850 900 950

toantenale o lnac IERRD D D0 ndo0 owua DRRR DuwnBuRRRD 00w Dulbune
TGGAGTTGCAGT TGATGT GT GATAGT T GAAGGT TGATTGCTGTACTTGCTTGTAAGCAT GGGA N NN NN

85 90 % 100 105 1@ 115 120 125 130 135 140 145

2000 16223C>T

=0t e

1 1

219
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Appendix 4.6. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Shamanka Il individual (SHA_2001.013.03), bone sample ID
2009.061. One base substitution in the reverse sequence at 16223 (C>T), Haplogroup D.

Forward:
Applied MDNAOS1-L16211_A10_140925b2.ab1 KB12 KBbep
Biosystems MtDNA0B1-L16211 KB_3130_POP7_BDTv3.mob
Signal: G:182 A:472 T:398 C:422 AvgSig: 368 C#:2 W:A10 Plate Name:140925b2 TS:33 CRL:122 QV20+:109
Lo _  cecm-meBue —-BaBanl. Bonn anlBilacalaalalln se wlaaBDRDRRRN HRRRRNR..NI
NN N MENNN N MNACNCAT cil NN G CACTCCaAAGCCACCCCT CACCCACTA GG at ACCAACAAACCTACCCAGCCT TAACAGT
5 10 15 20 2 30 35 40 45 50 55 80 65 70 75 80
5000
4000
2000

& Y v < v o..@.ﬂ‘.AM.M-A).-,.M.A‘A..‘J.\Au.u A e A VA A VAT ATAVA S AV AVATAVAVA AAVA AVATAY

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
L) L R T N R T T L
ACAt a GTACATAAAGCCATTTACCGTACATAGCACATTACAGT CAAATCCCTTeTCGTCCHaN NN NNNN

85 20 a5 100 105 110 115 120 125 130 135 140 145 150

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900

1950
Reverse:
B Apphed DNADG-H16346, HO9_ 14092562 ab1 KE12 KBbep
s BIOSVStemS MONADG1-H16345 KB_3130_POP7_EDTVAmeb
Signat 62528 A'1227 T-2188 C:642 AvgSig: 1646 C#15 WHO Plate Name: 14092502 7536 CRL123 QV20+:121

S I T | e N A A R A A R N T A N R TR T
NNMNN N N N NANGNCTTTAT GTACTATGTACTGTTAAGGGT GGGTAGGTTTGTT GGTATCCTAGT GGGT GAGGGGT GGCT

‘ 5 10 15 2 2 30 35 40 45 50 5% 60 65 70 75

it

A I T e T IR AP N T RN TR CR R LA NIRRT [ TN
TTGGAGTT GCAGT TGAT GT GT GATAGTT GAAGGTTGATTGCT GTACTTGCTTGTAAGCATGGGA NN N NN K

1000

‘ 80 85 90 95 100 105 115 120 125 130 135 140 145
16223 C>T
W e L
1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950
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Appendix 4.7. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Shamanka Il individual (SHA_2002.023.04), bone sample ID
2002.221. One base substitution in the reverse sequence at 16223 (C>T), Haplogroup D.

Forward:
Applled mtDNA221-L16211_D06_140923b1 (1).ab1 KB1.2 KB.bcp
Blosystems mMDNA221-L16211 KB_3130_POP7_BDTv3.mob
Signal: G:447 A:1026 T:880 C:1003 AvgSig: 839 C#:8 W:DE Plate Name:140923b1 TS:35 CRL:121 QV20+:112

L T L e A e A I A N T F T AR A AR RN RN AR R N R T
cTACCC

!‘\N N I\NNAN IN NNANNCAT CAACT GCAACT CcaAAGCCACCCCTCACCCACTAGG At ACCAACAAAC ACCCTTAACAGTA

] 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

CATAGTACATAAAGCCATTTACCGTACATAGCACAT TACA GT CAAATCCCT TCTCGTCCNNN NN N
80 95 100 105 110 115 120 125 130 135 140 145 150

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950

|
Reverse:
||ed miDNA221-H1B346_C08_140923b1 (1)ab1 KB12 KBbep
Blosystems MDNAZ21-H16346 KB_3130_POP7_BOTv3.mob
Signal: @:3088 A:1392 T:2418 C.788 AvgSig: 1921 C#6 WCH Plele Name:140923b1 T5:39 CRLA20 QU20+122

I I e e I R R R N A e P F R E T A L R AR TR AR AT I
MNAN M N N ANGGCTTTAT GTACTAT GTACT GT TAAG GGT GGGTAGGTTT GTT GGTATCCTAGT GGGT GAGGGGTGGNTT

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
M

VLN mm«l e TR

lIII|II|I|.IIII IIIII-.I.II|II|I.III.IIIIIIII||IIIIIII|.I|IIII.__
TGGAGTT GCAGT T GAT GT GT GATAGTT GALGGTT GATTGCT GTACTT GCTTGTAAGCATGGGA NN

8 9@ 9% 100 105 M5 120 125 130 135 140 145
16223 C>T

u ] .mh Uik AJ xmm“mxu | al

1350 1400 1450

1000

1750 1850 1900 1930
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Appendix 4.8. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Shamanka Il individual (SHA_2002.021.02), tooth sample ID
2002.257. Three base substitutions at 16223 (C>T), 16227 (A>G) and 16278 (C>T), Haplogroup
G2a.

Forward:
Appl|Ed mtDNA257-L16211_F06_140923b1 (1).ab1 KB 12 KB.bcp
Blosystems MIDNA257-L16211 KB_3130_POP7_BDTv3 mob
Signal: G:374 A:777 T:710 C:821 AvgSig: 670 C#12 W:F6 Plate Name:140923b1 TS:34 CRL:122 QV20+:110

e e ey e e N I T I e N e e AR AR RN RPN R RN T
AN N NNNN N BNTCEMHACAT CAACT GCRACT CCaAAGCCACCCCT CACCCACTAGGat ATCAACAAACCTACCCACCCTTAACAGTH

5 015 2 2 3%/ 4 5 50 56 \yeo 85 70 75 80
16278 C>T

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

s axt FRRRRRRRRRRun R RRRRRRRR RN DR R ann IRl el o
CATAGTACATAAAGCCATTTACCGTACATAGCACAT TACAGT CAAATCCCT NCTCGTCCNNN N NNN

90 95 100 105 110 115 120 125 130 135 140 145 150

1080 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950

Reverse:
Applied mIDNA257-H16346_E06_140923b1 (1)ab KB12 KBbcp
Blosystems miDNA257-H16346 KB_3130_POP7_BDTv3mob

Signal: G:2285 A:934 T:1473 C:597 AvgSig: 1324 C#10 W:E6 Plate Name:140923b1 T8:35 CRL:121 Qv20+:119

R O e T N R I T A A N IR TR NI AR N A PR RN RN TR )
INNN NN B N NANGHNNTTTAN GTACTATGTACT GTTAAGGGT GGGTAGGTTTGTT GATATCCTAGT GGGT GAGGGGTGGNTT

5 10 5 2 % ) 3% 40 45 50 * 80 85 70 7%
2000, 16278 C>T

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

/mmalanBale aBal DRRD wuad DnaBaalalol alloonunBal 0D D0 Dallubd. _
TGGAGTTGCAGTT GAT GT GT GATAGCT GAAGGTTGATTGCTGTACTTGCTTGTAAGCATGGGA NNN NN

85 90 95 100 1 115 120 125 130 135 140 145

2000 16227 A>G 16223 C>T

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950
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Appendix 4.9. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Shamanka Il individual (SHA_2002.021.03), bone sample ID
2009.070. Three base substitutions at 16223 (C>T), 16290 (C>T) and 16319(G>A), Haplogroup A.

Forward:
||ed miDNAO70-L16211_B06_14092351 (4).8b1 KB12 KBhep
: Blosystems mtDNAO70-L16211 KB_3130_POP7_BDTv3.mob
Signal: G:789 A:1739 T-1625 C:1842 AvgSig: 1451 C#:4 W:BB Plate Name:140923b1 T5:36 CRLA17 QV20+:110

T N TR N e T E N IR ey FTR RN AR AN O A RR R RN}
BN WA B NANCH T CAACT G CAACT CCaAA GCCACCCCT CACCCACTA GG at ACCAACAAACCTATCCACCCT TAACAGTA

5 10 15 2 % W B 40 45 5 55 80 6 ¢ 75 8 8
000 16290 C>T

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

TR RYRRINR NN RN AR RRIRRNNITRIRUTTRRNTIRIY P |
(ATA GTACATAAAACCATTTACCGTACATAGCACAT TACAGT CAAATCCCTHNNTCGTCCNEN

90 95 &0 105 10 15 120 125 130 135 140 145

g 16319 G>A

r!\ﬂf\/‘\, ’\ TTTT[TT T[T T I T [TITT[TTTT

|
1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950

Reverse:
||ed MIDNAQT0-H16346_B10_140925b2.ab1 KB 12 KB.bep
Blosystems miDNAQ70-H16348 KB_3130_POP7_BDTv3.mob
Signal: G:1892 A'914 T:1519 C:471 AvgSig: 1189 C#4 WB10 Plate Name: 14092562 TS:37 CRLI126 QV20+:119

| - 00 . sesaba B Bana Dl mman B o DRRRR AR D anca DR cnn DRD DR nn L D RN
ANNNN BN N NANGNTTTTAN GTACTATGTACT GTTAAGGGT GGat AGGTTTGTTGGTATCCTAGTGGGT GAGGGGT GGCTT

5 10 5 20 % 30 3 40 45 50 5 60 85 70 75
16290 C>T

50 100 150 200 250 00 350 400 450 500 550 600 650 700 750 800 850 %00 950
TRRRaRD B0 o BB DRRR Dl DR a Bl B DOD w RODuBuBRRRRR 0 Rane nalmons
TGGAGTT GCAGTT GAT GT GTGATAGTTGA&GCTTGATT GCT GTACTTGCTTGTAAGCATGG GA NNN NNNN NN

85 20 95 100 105 115 120 125 130 135 140 145 150

Had 16223 C>T

1050 1100 150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1850 1700 1750 1800 1850 1900 1950
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Appendix 4.10. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Khuzhir-Nuge XIV individual (K14_1997.011), tooth sample ID
1997.190. One base substitution in the reverse sequence at 16223 (C>T), Haplogroup D.

Forward:
Applied KN-97-190-L16211_D06_121128b1.ab1 KB12 KB.bep
Bi osystems KN-97-190-L16211 KB_3130_POP7_BDTv3.mob
Signal: G:171 A:358 T:250 C:337 AvgSig: 279 C#8 W-D8 Plate Name:121128b1 TS:42 CRL:118 QV20+:114

I oann B0 DRRN DR ER Dan B0 au Bl BnalBRaRRRRRRRRORRRERDE]
ct GCAACTCCGAAGCCACCCCTCACCCACTAGG ATACCAACAAACCTACCCACCC

1
[N NNN NN NNN N NENENCA T ca

5 10 16 20 25 30 36 40 45 50 56 60 65 70 78

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

50
ERRR R RN RR RN RN R RN R R RN RN R RN R RN NN R RN RN R RN RN R NRRRR RN, ol
TTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCHNa N
80 85 90 95 100 105 110 115 120 125 130 135 140 145
5000 —
4000—
3000—
2000
1000 —
I VA
1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950
Reverse:
; ||ed KN-97-190-H16346_C05_121128b1 ab1 KE12 KBbcp
Blosys‘tems KN-97-190-H16346 KB_3130_POP7_BDTv3.mob
Signal: G:1323 A:413 T.723 C:280 AvgSig: 684 C#6 W.CE Plate Name:121128b1 TS:45 CRL:116 QU20+:119
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Appendix 4.11. MtDNA sequence electropherogram obtained from the forward (top) and
reverse (botton) sequences of Khuzhir-Nuge XIV individual (K14_1997.011), tooth sample ID
2003.639. One base substitution in the reverse sequence at 16223 (C>T), Haplogroup D.

Forward:
Apphed KN-2003-639-L16211_B0G_121128b1.ab1 KB1.2 KB.bep
Biosyste ms KN-2003-639-L16211 KB_3130_POP7_BDTv3.mob
Signal: G:269 A:581 T:405 C:482 AvgSig: 434 C#:4 W.B6 Plate Name:121128b1 TS:41 CRLA17 QU20+:116

Ilacl alnnal NI NERRRIRNE]
f\NNN NN!\NNN N NNANACATCAACIGCAACTCCAAAGCCACCCC CACCCACTAGG ATA

CAACAAACCTACCCACCC
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3
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TTAACAGTACATAGTACATAAAGGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCHaN
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Reverse:
||ed KN-2003-639-H16346_A08_121128b1.ab1 KB 1.2 KBbep
Blosystems KN-2003-639-H16346 KB_3130_POP7_BDTv3mob
Signal: G:1654 A:814 T:1033 C:350 AvgSig: 912 C#:2 WAS Plate Name:121128b1 TS:45 CRL119 QV20+:125
it ot e T I e T R A I PR R R AR A NI R R R R RN RN I NI R
‘NNN NN M N NAINGGC TTTaTGTACTATG TACTG T TAAG GGTGGGTAGGTTTGTTGGTATCCTAG TGGGTGAG
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IIIIIIIIIIllIIIIIIlI lllIIIIIIIIIlIlIIII -IIIIIlIIIl I |IIIllIu 1
GGGTGGCTTTGGAGTTGCAGTTGATGTGTGATAGTTGA GTTGATTGCTGTACTTGCTTG TAAGCATGGGA
75 80 85 9% 95 100 105 115 125 130 135 140

16223 C>T
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Appendix 4.12. Shamanka Il samples and the trial to amplify autosomal STRs using AmpFISTR®
Identifiler® (Applied Biosystems, USA) kit. The trial was unsuccessful and the evidence is

attached below represented with the four dyes 6FAM, NED, PET and VIC.
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Appendix 5.1. Summary of the genetic work conducted on all the cemeteries from Lake Baikal
(Lokomotiv, Shamanka Il, Ust’-lda and Kurma Xl and one individual from Khuzhir-Nuge XIV)
including amelogenin results, mtDNA and Y-chromosomal haplogroups.

Cemetery site Period (l\v/\l/zrbper;o;?i_cazlosf;) Mol;c;ular hag:ct)z:)ﬁ oS Y-Chr haplogroups
LOK_1980.004 EN Female Xy @ D@ 3 atte&‘:zﬁe‘fﬂmad
LOK_1980.006 EN Male Xy @ F@ Rial
LOK_1980.010.02 EN Male Xy @ Other @ K*
LOK_1980.010.03 EN Female Xy @ F @ Not Assigned
LOK_1980.012 EN Female Xy @ A@ 2 atte&‘:?gﬁe‘z‘"ad
LOK_1981.013 EN Male Xy (@ D@ Not Assigned
LOK_1980.014.03 EN Undetermined Xy @ Usa @ 2 attempts to extract
- DNA failed
LOK_1980.016 EN Male Xy (@ D@ K*
LOK_1980.017 EN Male Xy @ A 2 atte;&sf:ﬁe‘zx”ad
LOK_1980.022.02 EN Male Xy @ c@ K
LOK_1981.024.01 EN Undetermined Xy (@ F (@) Rlal
LOK_1984.027 EN Male Xy @ D@ 4 atte;&sf;ﬁe‘;x"ad
LOK_1985.031.02 EN Male Xy @ A® C3
LOK_1988.038.01 EN Female Xy @ Fl 2 atte;\f:?;ﬁ;""ad
LOK_1990.042 EN Male Xy @ G2a @ K
2 attempts to extract
LOK_1990.044.01 EN Male Xy @ F @ DN‘;\ tailed
2 attempts to extract
LOK_1990.044.02 EN Male Xy @ F@ DNpA A
Didn't have any
LOK_1980.014.05 EN NA Xy @ F (@ samples from this
individual
LOK_1980.002.01 EN Female m.d.@ F@
LOK_1980.002.03 EN NA m.d. @ F @
LOK_1980.015 EN Male m.d. @ D (@
LOK_1980.018 EN Female m.d. @ F@
LOK_1981.024.02 EN Male m.d. @ F@
LOK_1984.028 EN Female m.d. @ U5a @
LOK_1984.029 EN Probable Female m.d. @ F (@
LOK_1985.030.01 EN NA m.d. @ F@
LOK_1985.036 EN Female XX @ F@
LOK_1986.037 EN Female XX @ F@
LOK_1988.038.02 EN Female m.d. @ A@
LOK_1988.039 EN Female XX @ D@
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Cemetery site Period (l\v/\l/zrbper;o;?i_cazlosf;) Mol;c;ular hag:ct)z:)ﬁ oS Y-Chr haplogroups

SHA_2001.012 EN Undetermined Xy (®) D K*
SHA_2001.013.03 EN Probable Female Xy (®) D® K*
SHA_2002.021.02 EN Male Xy (®) G2a K*
SHA_2002.021.03 EN Undetermined Xy ©® A K*
SHA_2002.023.04 EN Undetermined Xy ® D K*
SHA_2004.052.01 EN Probable Male XY D K
SHA_2004.044.02 EN Undetermined XY C K
SHA_2005.059.01 EN Male XY C K
SHA_2006.083.01 EN Male XY C K

Didn't have any
SHA_2002.023.05 EN Undetermined Xy ® D ® samples from this
individual

SHA_2001.011.02 EN Male m.d. ® D®
SHA_2001.011.01 EN Female m.d. ® c

SHA_2002.008 EN NA m.d. ® A®
SHA_2001.014.01 EN Male m.d. ® D®
SHA_2001.014.02 EN Female m.d. ® F (0)

SHA_2001.019 EN Male m.d. ® D®

SHA_2001.018 EN Male m.d. ® c®

SHA_2001.016 EN Undetermined XX ©) U5a ®

SHA_1999.007 EN Probable Female U”deﬁ;mi”e D®

SHA_2001.015 EN Male m.d. ® A®)
SHA_2002.023.01 | EN Probable Male U”deotle(br)mi”e F o
SHA_2002.024.01 EN Male m.d. ®) D ®

SHA_2002.022 EN Male m.d. ®) F ®
SHA_2002.021.01 EN Male m.d. ® G2a®
SHA_2002.024.02 EN Undetermined m.d. ® A®)

SHA_2007.090 EN Male XX A
SHA_2007.096.02 EN Female XX D
SHA_2008.103.01 EBA NA XX G2a

UID_1987.005 LN Undetermined Xy @ Other @ Other* (L914 SNP)

UID_1987.009 LN Undetermined Xy @ A®@ Qla3*

UID_1987.012 LN Male Xy @ D (@ Qla3
UID_1988.016.01 LN Male Xy @ F (@ Q1la3
UID_1988.016.02 LN Male Xy @ Other® Qla3
UID_1989.020.01 LN Male Xy @ c@ Qla3
UID_1989.026.01 LN Undetermined Xy @ A®@ Other* (L914 SNP)

UID_1989.029 EBA Male Xy @ A® Qla3
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Cemetery site Period ('\V/\llszehro;?ichazlosff) Mol;c;ular hag:ct)z:)ﬁ oS Y-Chr haplogroups
UID_1990.033.01 LN Male Xy @ Other® Qla3
UID_1991.038 LN Male Xy @ c@ Qla3*
UID_1993.043 LN Male Xy @ G2a @ K*
UID_1993.044.03 LN Undetermined Xy @ A Qla3
UID_1994.048 EBA Male Xy @ c@ Qla3*
UID_1994.053.02 LN Undetermined Xy @ A 2 attempts to extract
- DNA failed
UID_1994.055.02 LN Male Xy (@ G2a @ Q
Didn't have any
UID_1994.055.01 LN Undetermined Xy @ cw@ samples from this
individual
UID_1987.011 LN Female m.d.® G2a @
UID_1988.014 LN Male m.d. @ F@
UID_1988.018 LN Undetermined XX @ USa @
UID_1989.019 EBA Male m.d. @ c@
UID_1989.020.02 LN Female m.d. @ Other @
UID_1989.022 LN Female XX @ Other @
UID_1989.024 EBA NA XX (@ c@
Didn't have any
UID_1989.026.04 LN Undetermined Xy (@ A® samples from this
individual
UID_1989.026.05 LN Undetermined XX @ F @
3 attempts to extract
UID_1989.030 LN Female Xy @ AQ DNpA tailed
Didn't have any
UID_1989.031 LN Undetermined Xy @ Other @ samples from this
individual
UID_1990.033.02 LN Undetermined m.d. @ Other®
UID_1991.036.01 LN Undetermined XX @ D@
UID_1991.040.01 EBA Female XX (@ c@
UID_1991.041 LN NA m.d. @ G2a @
Didn't have any
UID_1991.042 EBA Female Xy @ A® samples from this
individual
UID_1993.044.01 LN Undetermined XX (@ A@
UID_1993.044.02 EBA Undetermined XX (@ A®
UID_1993.045 EBA Male m.d. @ cw@
UID_1994.047 EBA Male m.d. @ c@
UID_1994.051 EBA Male m.d. @ cw@
UID_1994.052 LN Female m.d. @ Other®
UID_1994.054 LN Male m.d.® cw@
KUR_2002.001 EBA Male XY D 2 attempts to analyze

the Y-chr failed
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Cemetery site Period (“V/\llszer;O(:?§:?azlosff) Mol;c;ular ha;::[)z:)ﬁps Y-Chr haplogroups
KUR_2002.007.01 EBA Undetermined XX D
KUR_2002.010 EBA Probable Male m.d. z Qla3
KUR_2002.013 EBA Male m.d. A
KUR_2002.014 EBA Female XX F
KUR_2002.015 EBA Probable Male XY z Qla3
KUR_2002.016 EBA Probable Female XX F
KUR_2003.017 EBA Probable Male XY D Q
KUR_2003.018 EBA Probable Female XY D Q
KUR_2003.019 EBA Probable Male XY F 2 attempts to analyze
- the Y-chr failed
3 attempts to extract
KUR_2003.021 EN m.d. m.d. m.d. DNpA A
KUR_2003.022 EN Probable Female XX F
KUR_2003.024 EN Probable Female XX F
KUR_2003.026 EBA Probable Male m.d. D
KUR_2003.027 EN m.d. m.d. Inconsistent | 3 attempts gave
- results inconsistent results
K14_1997.011 EBA Male m.d. D

e m.d.: missing data, no obtainable results

e (a)samples analyzed by Mooder (2004) (Mooder,K.P. 2004).
e (b) samples analyzed by Thomson (2006) (Thomson,T. 2006).

e All Y-chromosomal work is part of this study.




239

Bibliography



240

Abu-Amero KK, Gonzalez AM, Larruga JM, Bosley TM, Cabrera VM. Eurasian and African
mitochondrial DNA influences in the Saudi Arabian population. BMC Evol Biol 2007 Mar 1;7:32.

Abu-Mandil Hassan N, Brown KA, Eyers J, Brown TA, Mays S. Ancient DNA study of the remains
of putative infanticide victims from the Yewden Roman villa site at Hambleden, England. Journal
of Archaeological Science 2014 3;43(0):192-197.

Alekseev V. The Physical Specificities of Paleolithic Hominids in Siberia. In: Derev’anko A, editor.
The Paleolithic of Siberia Urbana: University of lllinois Press; 1998. p. 122-136.

Alves-Silva J, da Silva Santos M, Guimaraes PE, Ferreira AC, Bandelt HJ, Pena SD, et al. The
ancestry of Brazilian mtDNA lineages. Am J Hum Genet 2000 Aug;67(2):444-461.

Anderson S, Bankier AT, Barrell BG, de Bruijn MH, Coulson AR, Drouin J, et al. Sequence and
organization of the human mitochondrial genome. Nature 1981 Apr 9;290(5806):457-465.

Andrews RM, Kubacka I, Chinnery PF, Lightowlers RN, Turnbull DM, Howell N. Reanalysis and
revision of the Cambridge reference sequence for human mitochondrial DNA. Nat Genet 1999
Oct;23(2):147.

Ayub Q, Mohyuddin A, Qamar R, Mazhar K, Zerjal T, Mehdi SQ, et al. Identification and
characterisation of novel human Y-chromosomal microsatellites from sequence database
information. Nucleic Acids Res 2000 Jan 15;28(2):e8.

Bada JL, Wang XS, Hamilton H. Preservation of key biomolecules in the fossil record: current
knowledge and future challenges. Philos Trans R Soc Lond B Biol Sci 1999 Jan 29;354(1379):77-
86; discussion 86-7.

Bandelt HJ. Mosaics of ancient mitochondrial DNA: positive indicators of nonauthenticity. Eur J
Hum Genet 2005 Oct;13(10):1106-1112.

Barnabas S, Shouche Y, Suresh CG. High-resolution mtDNA studies of the Indian population:
implications for palaeolithic settlement of the Indian subcontinent. Ann Hum Genet 2006
Jan;70(Pt 1):42-58.

Bazaliiski VI. Mesolithic and Neolithic mortuary complexes in the Baikal region. In: Weber AW,
Katzenberg MA, Schurr TG, editors. Prehistoric Hunter-Gatherers of the Baikal Region, Siberia:
Bioarchaeological Studies of Past Life Ways Philadelphia, PA: University of Pennsylvania Museum
of Archaeology and Anthropology; 2010. p. 51-86.

Bazaliiski VI. Shamanka Il Field Report, Graves 5, 8-11, trans. L.Bondarchuk. University of Alberta,
Edmonton: Baikal Archaeology Project 2000.



241

Bazaliiskii VI. Mesolithic and Neolithic Mortuary Complexes in the Baikal Region. In: Weber AW,
Katzenberg MA, Schurr TG, editors. Prehistoric Hunter-Gatherers of the Baikal Region, Siberia:
Bioarchaeological Studies of Past Life Ways Philadelphia, USA: University of Pennsylvania Press;
2010. p. 51-86.

Bazaliiskii VI. Shamanka Il Field Report, Graves 11-19, trans. L.Bondarchuk. University of Alberta,
Edmonton: Baikal Archaeology Project 2000;2.

Bazaliiskii VI. The Neolithic of the Baikal region on the basis of mortuary material. In: Weber AW,
Mckenzie HG, editors. Prehistoric foragers of the Cis-Baikal, Siberia Edmonton: Canadian
Circumpolar Press; 2003. p. 37-50.

Bazaliiskii VI. The Neolithic of the Baikal region on the basis of mortuary material. In: Weber AW,
Mckenzie HG, editors. Prehistoric foragers of the Cis-Baikal, Siberia Edmonton: Canadian
Circumpolar Press; 2003. p. 37-50.

Bazaliiskiy VI, Savelyev NA. The Wolf of Baikal: The "Lokomotiv" Early Neolithic Cemerty in Siberia
(Russia). Antiquity 2003;77:20-30.

Bermisheva M, Tambets K, Villems R, Khusnutdinova E. Diversity of mitochondrial DNA
haplotypes in ethnic populations of the Volga-Ural region of Russia. Mol Biol (Mosk) 2002 Nov-
Dec;36(6):990-1001.

Blanco FJ, Rego |, Ruiz-Romero C. The role of mitochondria in osteoarthritis. Nat Rev Rheumatol
2011 Mar;7(3):161-169.

Boom R, Sol CJ, Salimans MM, Jansen CL, Wertheim-van Dillen PM, van der Noordaa J. Rapid and
simple method for purification of nucleic acids. J Clin Microbiol 1990 Mar;28(3):495-503.

Bortolini MC, Salzano FM, Thomas MG, Stuart S, Nasanen SP, Bau CH, et al. Y-chromosome
evidence for differing ancient demographic histories in the Americas. Am J Hum Genet 2003
Sep;73(3):524-539.

Bouakaze C, Keyser C, Amory S, Crubezy E, Ludes B. First successful assay of Y-SNP typing by
SNaPshot minisequencing on ancient DNA. Int J Legal Med 2007 Nov;121(6):493-499.

Bowcock AM, Ruiz-Linares A, Tomfohrde J, Minch E, Kidd JR, Cavalli-Sforza LL. High resolution of
human evolutionary trees with polymorphic microsatellites. Nature 1994 Mar 31;368(6470):455-
457.

Brandstatter A, Parsons TJ, Parson W. Rapid screening of mtDNA coding region SNPs for the
identification of west European Caucasian haplogroups. IntJ Legal Med 2003 Oct;117(5):291-298.

Brandstatter A, Salas A, Niederstatter H, Gassner C, Carracedo A, Parson W. Dissection of
mitochondrial superhaplogroup H wusing coding region SNPs. Electrophoresis 2006
Jul;27(13):2541-2550.



242

Brinkmann B, Klintschar M, Neuhuber F, Huhne J, Rolf B. Mutation rate in human microsatellites:
influence of the structure and length of the tandem repeat. Am J Hum Genet 1998
Jun;62(6):1408-1415.

Brion M, Sanchez JJ, Balogh K, Thacker C, Blanco-Verea A, Borsting C, et al. Introduction of an
single nucleodite polymorphism-based "Major Y-chromosome haplogroup typing kit" suitable for
predicting the geographical origin of male lineages. Electrophoresis 2005 Dec;26(23):4411-4420.

Brion M, Sobrino B, Blanco-Verea A, Lareu MV, Carracedo A. Hierarchical analysis of 30 Y-
chromosome SNPs in European populations. Int J Legal Med 2005 Jan;119(1):10-15.

Brookes AJ. The essence of SNPs. Gene 1999 Jul 8;234(2):177-186.

Brown WM, George M,Jr, Wilson AC. Rapid evolution of animal mitochondrial DNA. Proc Natl
Acad Sci US A 1979 Apr;76(4):1967-1971.

Burgoyne PS. Genetic homology and crossing over in the X and Y chromosomes of Mammals.
Hum Genet 1982;61(2):85-90.

Burton ML, Moore CC, Whiting JWM, Romney AK. Regions based on social structure. Curr
Anthropol 1996;37:87-123.

Butler JM, Coble MD, Vallone PM. STRs vs. SNPs: thoughts on the future of forensic DNA testing.
Forensic Sci Med Pathol 2007 Sep;3(3):200-205.

Butler JM, Hill CR. Biology and Genetics of New Autosomal STR Loci Useful for Forensic DNA
Analysis. Forensic Sci Rev 2012;24(1):15-26.

Butler JM, Ruitberg CM, Vallone PM. Capillary electrophoresis as a tool for optimization of
multiplex PCR reactions. Fresenius J Anal Chem 2001 Feb;369(3-4):200-205.

Butler JM, Schoske R, Vallone PM, Kline MC, Redd AJ, Hammer MF. A novel multiplex for
simultaneous amplification of 20 Y chromosome STR markers. Forensic Sci Int 2002 Sep
10;129(1):10-24.

Butler JM, Schoske R, Vallone PM, Redman JW, Kline MC. Allele frequencies for 15 autosomal STR
loci on U.S. Caucasian, African American, and Hispanic populations. J Forensic Sci 2003
Jul;48(4):908-911.

Butler JM, Shen Y, McCord BR. The development of reduced size STR amplicons as tools for
analysis of degraded DNA. J Forensic Sci 2003;48:1054-1064.

Butler JM. Recent Developments in Y-Short Tandem Repeat and Y-Single Nucleotide
Polymorphism Analysis. Forensic Science Review 2003;15(2):91-111.



243

Cann RL, Stoneking M, Wilson AC. Mitochondrial DNA and human evolution. Nature 1987 Jan 1-
7;325(6099):31-36.

Capelli C, Tschentscher F. Protocols for ancient DNA typing. Methods Mol Biol 2005;297:265-278.
Capelli C, Tschentscher F. Protocols for ancient DNA typing. Methods Mol Biol 2005;297:265-278.

Capelli C, Wilson JF, Richards M, Stumpf MP, Gratrix F, Oppenheimer S, et al. A predominantly
indigenous paternal heritage for the Austronesian-speaking peoples of insular Southeast Asia and
Oceania. Am J Hum Genet 2001 Feb;68(2):432-443.

Chen YS, Torroni A, Excoffier L, Santachiara-Benerecetti AS, Wallace DC. Analysis of mtDNA
variation in African populations reveals the most ancient of all human continent-specific
haplogroups. Am J Hum Genet 1995 Jul;57(1):133-149.

Chen Z, Zhang Y, Fan A, Zhang Y, Wu Y, Zhao Q, et al. Brief communication: Y-chromosome
haplogroup analysis indicates that Chinese Tuvans share distinctive affinity with Siberian Tuvans.
Am J Phys Anthropol 2011;144:492-497.

Child AM. Towards an Understanding of the Microbial Decomposition of Archaeological Bone in
the Burial Environment. J Archaeol Sci 1995;22:165-174.

Chui L. Detection of the source of contamination in the ancient DNA laboratory at the University
of Alberta. 2009.

Coble MD, Butler JM. Characterization of new miniSTR loci to aid analysis of degraded DNA. J
Forensic Sci 2005 Jan;50(1):43-53.

Coenye T, Vandamme P. Intragenomic heterogeneity between multiple 16S ribosomal RNA
operons in sequenced bacterial genomes. FEMS Microbiol Lett 2003 Nov 7;228(1):45-49.

Cooper A, Poinar HN. Ancient DNA: do it right or not at all. Science 2000 Aug 18;289(5482):1139.

Crubezy E, Amory S, Keyser C, Bouakaze C, Bodner M, Gibert M, et al. Human evolution in Siberia:
from frozen bodies to ancient DNA. BMC Evol Biol 2010 Jan 25;10:25-2148-10-25.

Curzon MEJ, Cutress TW. Trace Elements and Dental Disease. Boston: John Wright, PSG; 1983.

de Knijff P, Kayser M, Caglia A, Corach D, Fretwell N, Gehrig C, et al. Chromosome Y
microsatellites: population genetic and evolutionary aspects. Int J Legal Med 1997;110(3):134-
149.

de Knijff P. Messages through bottlenecks: on the combined use of slow and fast evolving
polymorphic markers on the human Y chromosome. Am J Hum Genet 2000 Nov;67(5):1055-1061.



244

De Leo D, Turrina S, Marigo M. Effects of individual dental factors on genomic DNA analysis. Am
J Forensic Med Pathol 2000 Dec;21(4):411-415.

Deguilloux MF, Pemonge MH, Mendisco F, Thibon D, Cartron I, Castex D. Ancient DNA and kinship
analysis of human remains deposited in Merovingian necropolis sarcophagi (Jau Dignac et Loirac,
France, 7th—8th century AD). Journal of Archaeological Science 2014 1;41(0):399-405.

Denaro M, Blanc H, Johnson MJ, Chen KH, Wilmsen E, Cavalli-Sforza LL, et al. Ethnic variation in
Hpa 1 endonuclease cleavage patterns of human mitochondrial DNA. Proc Natl Acad Sci U S A
1981 Sep;78(9):5768-5772.

Der Sarkissian C, Balanovsky O, Brandt G, Khartanovich V, Buzhilova A, Koshel S, et al. Ancient
DNA reveals prehistoric gene-flow from siberia in the complex human population history of North
East Europe. PLoS Genet 2013;9(2):e1003296.

Derbeneva OA, Starikovskaia EB, Volod'ko NV, Wallace DC, Sukernik RI. Mitochondrial DNA
variation in Kets and Nganasans and the early peoples of Northern Eurasia. Genetika 2002
Nov;38(11):1554-1560.

Derenko M, Malyarchuk B, Grzybowski T, Denisova G, Dambueva |, Perkova M, et al.
Phylogeographic analysis of mitochondrial DNA in northern Asian populations. Am J Hum Genet
2007 Nov;81(5):1025-1041.

Derenko MV, Dambueva IK, Maliarchuk BA, Dorzhu C, Zakharov IA. Structure and diversity of the
mitochondrial gene pool of the aboriginal population of Tuva and Buriatia from restriction
polymorphism data. Genetika 1999 Dec;35(12):1706-1712.

Derenko MV, Grzybowski T, Malyarchuk BA, Dambueva IK, Denisova GA, Czarny J, et al. Diversity
of mitochondrial DNA lineages in South Siberia. Ann Hum Genet 2003 Sep;67(Pt 5):391-411.

Derenko MV, Maliarchuk BA, Denisova GA, Dambueva IK, Kakpakov VT, Dorzhu C, et al. Molecular
genetic differentiation of ethnic populations in Southern and Eastern Siberia based on
mitochondrial DNA polymorphism. Genetika 2002 Oct;38(10):1409-1416.

Derenko MV, Maliarchuk BA. Dynamics of the diversity of the Asian Mongoloid population
mitochondrial gene pool from data on the variability of hypervariable segment I. Mol Biol (Mosk)
1998 Sep-Oct;32(5):782-787.

Derenko MV, Malyarchuk BA, Dambueva IK, Shaikhaev GO, Dorzhu CM, Nimaev DD, et al.
Mitochondrial DNA variation in two South Siberian Aboriginal populations: implications for the
genetic history of North Asia. Hum Biol 2000 Dec;72(6):945-973.

Derenko MV, Shields GF. Variability of mitochondrial DNA in three groups of indigenous
inhabitants of Northern Asia. Genetika 1998 May;34(5):676-681.



245

Dixon LA, Dobbins AE, Pulker HK, Butler JM, Vallone PM, Coble MD, et al. Analysis of artificially
degraded DNA using STRs and SNPs--results of a collaborative European (EDNAP) exercise.
Forensic Sci Int 2006 Dec 1;164(1):33-44.

Dixon LA, Murray CM, Archer EJ, Dobbins AE, Koumi P, Gill P. Validation of a 21-locus autosomal
SNP multiplex for forensic identification purposes. Forensic Sci Int 2005 Nov 10;154(1):62-77.

E. Gustafson. Teeth and DNA: the mining of Mesolithic and Neolithic teeth in a non-destructive
manner. Edmonton: University of Alberta; 2007.

Ermini L, Olivieri C, Rizzi E, Corti G, Bonnal R, Soares P, et al. Complete mitochondrial genome
sequence of the Tyrolean Iceman. Curr Biol 2008 Nov 11;18(21):1687-1693.

Excoffier L. Analysis of Population Subdivision. In: Balding DJ, Bishop M, Cannings C, editors.
Handbook of Statistical Genetics. 3rd ed. West Sussex: John Wiley & Sons, Ltd; 2007. p. 982.

Fagundes NJ, Kanitz R, Eckert R, Valls AC, Bogo MR, Salzano FM, et al. Mitochondrial population
genomics supports a single pre-Clovis origin with a coastal route for the peopling of the Americas.
Am J Hum Genet 2008 Mar;82(3):583-592.

Fedorova SA, Reidla M, Metspalu E, Metspalu M, Rootsi S, Tambets K, et al. Autosomal and
uniparental portraits of the native populations of Sakha (Yakutia): implications for the peopling
of Northeast Eurasia. BMC Evol Biol 2013 Jun 19;13:127-2148-13-127.

Finlayson C, Pacheco FG, Rodriguez-Vidal J, Fa DA, Gutierrez Lopez JM, Santiago Perez A, et al.
Late survival of Neanderthals at the southernmost extreme of Europe. Nature 2006 Oct
19;443(7113):850-853.

Flaquer A, Rappold GA, Wienker TF, Fischer C. The human pseudoautosomal regions: a review for
genetic epidemiologists. Eur J Hum Genet 2008 Jul;16(7):771-779.

Freije D, Helms C, Watson MS, Donis-Keller H. Identification of a second pseudoautosomal region
near the Xq and Yq telomeres. Science 1992 Dec 11;258(5089):1784-1787.

Gabriel-Robez O, Rumpler Y, Ratomponirina C, Petit C, Levilliers J, Croquette MF, et al. Deletion
of the pseudoautosomal region and lack of sex-chromosome pairing at pachytene in two infertile
men carrying an X;Y translocation. Cytogenet Cell Genet 1990;54(1-2):38-42.

Gao SZ,Yang YD, Xu Y, Zhang QC, Zhu H, Zhou H. Tracing the genetic history of the Chinese people:
mitochondrial DNA analysis of aneolithic population from the Lajia site. Am J Phys Anthropol 2007
Aug;133(4):1128-1136.

Gao SZ, Zhang Y, Wei D, Li HJ, Zhao YB, Cui YQ, et al. Ancient DNA reveals a migration of the
ancient Di-giang populations into Xinjiang as early as the early Bronze Age. Am J Phys Anthropol
2014 Dec 29.



246

Gerasimova MM. Cherepa iz Fofanovskogo mogil’nika (r. Oka, Selenga). In: Masson VM, editor.
Drevnosti Baikala. Irkutsk: Irkutskii gosudarstvennyi unversitet; 1992. p. 97-111.

Gibert M, Theves C, Ricaut FX, Dambueva |, Bazarov B, Moral P, et al. mtDNA variation in the
Buryat population of the Barguzin Valley: New insights into the micro-evolutionary history of the
Baikal area. Ann Hum Biol 2010 Aug;37(4):501-523.

Gilbert MT, Rudbeck L, Willerslev E, Hansen AJ, Smith C, Penkman KEH, et al. Biochemical and
physical correlates of DNA contamination in archeological human bones and teeth excavated at
Matera, Italy. Journal of Archaeological Science 2005;32:785-793.

Giles RE, Blanc H, Cann HM, Wallace DC. Maternal inheritance of human mitochondrial DNA. Proc
Natl Acad Sci U S A 1980 Nov;77(11):6715-6719.

Goebel T. Pleistocene Human Colonization of Siberia ana Peopling of the Americas: An Ecological
Approch. Evolutionary Anthropology 1999;8(6):208-227.

Goldstein LG. One-dimensional archaeology and multi-dimensional people: spatial organization
and mortuary analysis. In: Chapman R, Kinnes |, Randsborg K, editors. The Archaeology of Death
Cambridge, England: Cambridge University Press; 1981. p. 53-70.

Goriunova OI, Novik AG, Mamonova NN. Drevnie pogrebeniia mogil'nika Uliarba na Baikale:
Neolit-paleometall (Ancient Graves at the Uliarba Cemetery on Lake Baikal: Neolithic and
Paleometal). Novosibirsk: Izdatel'stvo Instituta Arkheologii i Etnografii 2004.

Gould JL, Gould GF. Biostats Basics: A Student Handbook. New York, USA: W.H. Freeman and
Company; 2002.

Green RE, Krause J, Briggs AW, Maricic T, Stenzel U, Kircher M, et al. A draft sequence of the
Neandertal genome. Science 2010 May 7;328(5979):710-722.

Grignani P, Peloso G, Achilli A, Turchi C, Tagliabracci A, Alu M, et al. Subtyping mtDNA haplogroup
H by SNaPshot minisequencing and its application in forensic individual identification. Int J Legal
Med 2006 May;120(3):151-156.

Gubina MA, Damba LD, Babenko L, Romashchenko VN, Voevoda AG. Haplotype diversity in
mtDNA and Y-chromosome in populations of Altai-Sayan region. Genetika 2013 Mar;49(3):376-
391.

Gunnarsdottir ED, Li M, Bauchet M, Finstermeier K, Stoneking M. High-throughput sequencing of
complete human mtDNA genomes from the Philippines. Genome Res 2011 Jan;21(1):1-11.

Gusmao L, Carraccedo A. Y chromosome-specific STRs. Profiles in DNA 2003:3-6.

H. G. Mckenzie. Mortuary variability among Middle Holocene hunter-gatherers in the Lake Baikal
Region of Siberia, Russia. Edmonton: Department of Anthropology, University of Alberta; 2006.



247

Haak W, Brandt G, de Jong HN, Meyer C, Ganslmeier R, Heyd V, et al. Ancient DNA, Strontium
isotopes, and osteological analyses shed light on social and kinship organization of the Later
Stone Age. Proc Natl Acad Sci U S A 2008 Nov 25;105(47):18226-18231.

Hammer MF, Karafet T, Rasanayagam A, Wood ET, Altheide TK, Jenkins T, et al. Out of Africa and
back again: nested cladistic analysis of human Y chromosome variation. Mol Biol Evol 1998
Apr;15(4):427-441.

Hammer MF, Karafet TM, Park H, Omoto K, Harihara S, Stoneking M, et al. Dual origins of the
Japanese: common ground for hunter-gatherer and farmer Y chromosomes. J Hum Genet
2006;51(1):47-58.

Hammer MF, Karafet TM, Redd AJ, Jarjanazi H, Santachiara-Benerecetti S, Soodyall H, et al.
Hierarchical patterns of global human Y-chromosome diversity. Mol Biol Evol 2001
Jul;18(7):1189-1203.

Hammer MF, Spurdle AB, Karafet T, Bonner MR, Wood ET, Novelletto A, et al. The geographic
distribution of human Y chromosome variation. Genetics 1997 Mar;145(3):787-805.

Hammer MF, Zegura SL. The Role of the Y Chromosome in Human Evolutionary Studies. Evolut
Anthropol 1996;5:116-134.

Hammer MF. A recent insertion of an alu element on the Y chromosome is a useful marker for
human population studies. Mol Biol Evol 1994 Sep;11(5):749-761.

Handt O, Hoss M, Krings M, Paabo S. Ancient DNA: methodological challenges. Experientia 1994
Jun 15;50(6):524-529.

Handt O, Krings M, Ward RH, Paabo S. The retrieval of ancient human DNA sequences. Am J Hum
Genet 1996 Aug;59(2):368-376.

Handt O, Richards M, Trommsdorff M, Kilger C, Simanainen J, Georgiev O, et al. Molecular genetic
analyses of the Tyrolean Ice Man. Science 1994 Jun 17;264(5166):1775-1778.

Hanna J, Bouwman AS, Brown KA, Parker Pearson M, Brown TA. Ancient DNA typing shows that
a Bronze Age mummy is a composite of different skeletons. Journal of Archaeological Science
2012 8;39(8):2774-2779.

Hanni C, Brousseau T, Laudet V, Stehelin D. Isopropanol precipitation removes PCR inhibitors
from ancient bone extracts. Nucleic Acids Res 1995 Mar 11;23(5):881-882.

Hansen AJ, Mitchell DL, Wiuf C, Paniker L, Brand TB, Binladen J, et al. Crosslinks rather than strand
breaks determine access to ancient DNA sequences from frozen sediments. Genetics 2006
Jun;173(2):1175-1179.



248

Haverkort CM, Bazaliiski VI, Savel’ev NA. Identifying hunter-gatherer mobility patterns using
strontium isotopes. In: Weber AW, Katzenberg MA, Schurr TG, editors. Prehistoric Hunter-
Gatherers of the Baikal Region, Siberia Philadelphia, PA: University of Pennsylvania Museum of
Archaeology and Anthropology Philadelphia; 2010. p. 217-238.

Hellmann A, Rohleder U, Schmitter H, Wittig M. STR typing of human telogen hairs—a new
approach. Int J Legal Med 2001;114:269-273.

Heyer E, Puymirat J, Dieltjes P, Bakker E, de Knijff P. Estimating Y chromosome specific
microsatellite mutation frequencies using deep rooting pedigrees. Hum Mol Genet 1997
May;6(5):799-803.

H. G. McKenzie. Mortuary Variability Among Middle Holocene Hunter-Gatherers in the Lake
Baikal Region of Siberia, Russia. Edmonton: University of Alberta; 2005.

Higgins D, Austin JJ. Teeth as a source of DNA for forensic identification of human remains: a
review. Sci Justice 2013 Dec;53(4):433-441.

Holsinger KE, Weir BS. Genetics in geographically structured populations: defining, estimating
and interpreting F(ST). Nat Rev Genet 2009 Sep;10(9):639-650.

Hoss M, Jaruga P, Zastawny TH, Dizdaroglu M, Paabo S. DNA damage and DNA sequence retrieval
from ancient tissues. Nucleic Acids Res 1996 Apr 1;24(7):1304-1307.

Hoss M, Paabo S. DNA extraction from Pleistocene bones by a silica-based purification method.
Nucleic Acids Res 1993 Aug 11;21(16):3913-3914.

Ingman M, Gyllensten U. A recent genetic link between Sami and the Volga-Ural region of Russia.
Eur J Hum Genet 2007 Jan;15(1):115-120.

Ingman M, Gyllensten U. Analysis of the complete human mtDNA genome: methodology and
inferences for human evolution. J Hered 2001 Nov-Dec;92(6):454-461.

Jobling MA, Heyer E, Dieltjes P, de Knijff P. Y-chromosome-specific microsatellite mutation rates
re-examined using a minisatellite, MSY1. Hum Mol Genet 1999 Oct;8(11):2117-2120.

Jobling MA, Tyler-Smith C. Fathers and sons: the Y chromosome and human evolution. Elsevier
Science 1995;11(11):449-456.

Jobling MA, Tyler-Smith C. Fathers and sons: the Y chromosome and human evolution. Trends
Genet 1995 Nov;11(11):449-456.

Jobling MA, Tyler-Smith C. Fathers and sons: the Y chromosome and human evolution. Elsevier
Science 1995;11(11):449-456.



249

Jobling MA, Tyler-Smith C. The human Y chromosome: an evolutionary marker comes of age. Nat
Rev Genet 2003 Aug;4(8):598-612.

Johnson MJ, Wallace DC, Ferris SD, Rattazzi MC, Cavalli-Sforza LL. Radiation of human
mitochondria DNA types analyzed by restriction endonuclease cleavage patterns. J Mol Evol
1983;19(3-4):255-271.

K. P. Mooder. Mitochondrial DNA and Prehistoric Siberians from BaikalUniversity of Alberta;
2004.

Kalinowski ST. Do polymorphic loci require large sample sizes to estimate genetic distances?
Heredity (Edinb) 2005 Jan;94(1):33-36.

Kalmar T, Bachrati CZ, Marcsik A, Rasko I. A simple and efficient method for PCR amplifiable DNA
extraction from ancient bones. Nucleic Acids Res 2000 Jun 15;28(12):E67.

Karafet T, Xu L, Du R, Wang W, Feng S, Wells RS, et al. Paternal population history of East Asia:
sources, patterns, and microevolutionary processes. Am J Hum Genet 2001 Sep;69(3):615-628.

Karafet TM, Mendez FL, Meilerman MB, Underhill PA, Zegura SL, Hammer MF. New binary
polymorphisms reshape and increase resolution of the human Y chromosomal haplogroup tree.
Genome Res 2008 May;18(5):830-838.

Karafet TM, Mendez FL, Meilerman MB, Underhill PA, Zegura SL, Hammer MF. New binary
polymorphisms reshape and increase resolution of the human Y chromosomal haplogroup tree.
Genome Res 2008 May;18(5):830-838.

Karafet TM, Osipova LP, Gubina MA, Posukh OL, Zegura SL, Hammer MF. High levels of Y-
chromosome differentiation among native Siberian populations and the genetic signature of a
boreal hunter-gatherer way of life. Hum Biol 2002 Dec;74(6):761-789.

Karafet TM, Zegura SL, Posukh O, Osipova L, Bergen A, Long J, et al. Ancestral Asian source(s) of
new world Y-chromosome founder haplotypes. Am J Hum Genet 1999 Mar;64(3):817-831.

Katzenberg MA, Bazaliiskii VI, Goriunova Ol, Savel’ev NA, Weber AW. Diet recostrcution of
prehistoric hunter-gatherers in the Lake Baikal region. In: Weber AW, Katzenberg MA, Schurr TG,
editors. Prehistoric Hunter-Gatherers of the Baikal Region, Siberia: Bioarchaeological Studies of
Past Life Ways Pennsylvania, Philadelphia: University of Pennsylvania Museum of Archaeology
and Anthropology; 2010. p. 175-192.

Katzenberg MA, Goriunova Ol, Weber AW. Paleodiet reconstruction of Early Bronze Age Siberians
from the site of Khuzhir-Nuge XIV, Lake Baikal. Journal of Archaeological Science 2009;36:663-
674.



250

Katzenberg MA, McKenzie HG, Losey RJ, Goriunova OIl, Weber AW. Prehistoric dietary
adaptations among hunter-fisher-gatherers from the Little Sea of Lake Baikal, Siberia, Russian
Federation. Journal of Archaeological Science 2012;39:2612-2626.

Katzenberg MA, Weber AW. Stable isotope ecology ana palaeodiet in the Lake Baikal region of
Siberia. Journal of Archaeological Science 1999;26:651-659.

Katzenberg MA. Stable isotope analysis, a tool for studying past diet, demography and life history.
In: Katzenberg MA, Saunders SR, editors. Biological Anthropology of the Human Skeleton
Hoboken: Wiley-Liss; 2008. p. 413-442.

Kayser M, Caglia A, Corach D, Fretwell N, Gehrig C, Graziosi G, et al. Evaluation of Y-chromosomal
STRs: a multicenter study. Int J Legal Med 1997;110(3):125-33, 141-9.

Kayser M, Roewer L, Hedman M, Henke L, Henke J, Brauer S, et al. Characteristics and frequency
of germline mutations at microsatellite loci from the human Y chromosome, as revealed by direct
observation in father/son pairs. Am J Hum Genet 2000 May;66(5):1580-1588.

Kayser M, Sajantila A. Mutations at Y-STR loci: implications for paternity testing and forensic
analysis. Forensic Sci Int 2001 May 15;118(2-3):116-121.

Kelly RL. The Foraging Spectrum: Diversity in Hunter-Gatherer Lifeways. 1st ed. Washington, D.C.:
Smithsonian Institution Press; 1995.

Kelly RL. The lifeways of hunter-gatherers: the foraging spectrum. 2nd ed. Cambridge, NY, USA:
Cambridge University Press; 2013.

Kemp BM, Smith DG. Use of bleach to eliminate contaminating DNA from the surface of bones
and teeth. Forensic Sci Int 2005 Nov 10;154(1):53-61.

Keyser C, Bouakaze C, Crubezy E, Nikolaev VG, Montagnon D, Reis T, et al. Ancient DNA provides
new insights into the history of south Siberian Kurgan people. Hum Genet 2009 Sep;126(3):395-
410.

Keyser-Tracqui C, Crubezy E, Ludes B. Nuclear and mitochondrial DNA analysis of a 2,000-year-
old necropolis in the Egyin Gol Valley of Mongolia. Am J Hum Genet 2003 Aug;73(2):247-260.

Khar'kov VN, Khamina KV, Medvedeva OF, Shtygasheva OV, Stepanov VA. Genetic diversity of
Khakassian gene pool: subethnic differensiation and the structure of Y-chromosome
haplogroups, Mol Biol (Mosk) 2011 May-Jun;45(3):446-458.

Kharkov VN, Khamina KV, Medvedeva OF, Simonova KV, Khitrinskaya Y, Stepanov VA. Gene-pool
structure of Tuvinians inferred from Y-chromosome marker data. Genetika 2013
Dec;49(12):1416-1425.



251

Khar'kov VN, Stepanov VA, Medvedev OF, Spiridonova MG, Maksimova NR, Nogovitsyna AN, et
al. The origin of Yakuts: analysis of Y-chromosome haplotypes. Mol Biol (Mosk) 2008 Mar-
Apr;42(2):226-237.

Khar'kov VN, Stepanov VA, Medvedeva OF, Spiridonova MG, Voevoda MlI, Tadinova VN, et al.
Gene pool differences between northern and southern Altaians inferred from the data on Y-
chromosomal haplogroups. Genetika 2007 May;43(5):675-687.

Kivisild T, Tolk HV, Parik J, Wang Y, Papiha SS, Bandelt HJ, et al. The emerging limbs and twigs of
the East Asian mtDNA tree. Mol Biol Evol 2002 Oct;19(10):1737-1751.

Knapp M, Horsburgh KA, Prost S, Stanton JA, Buckley HR, Walter RK, et al. Complete
mitochondrial DNA genome sequences from the first New Zealanders. Proc Natl Acad Sci U S A
2012 Nov 6;109(45):18350-18354.

Krzewinska M, Bjornstad G, Skoglund P, Olason PI, Bill J, Gotherstrom A, et al. Mitochondrial DNA
variation in the Viking age population of Norway. Philos Trans R Soc Lond B Biol Sci 2015 Jan
19;370(1660):20130384.

Kumar V, Langstieh BT, Madhavi KV, Naidu VM, Singh HP, Biswas S, et al. Global patterns in
human mitochondrial DNA and Y-chromosome variation caused by spatial instability of the local
cultural processes. PLoS Genet 2006;2(4):0420-0424.

Lahn BT, Page DC. Four evolutionary strata on the human X chromosome. Science 1999 Oct
29;286(5441):964-967.

Lahn BT, Page DC. Functional coherence of the human Y chromosome. Science 1997 Oct
24;278(5338):675-680.

Lareu M, Puente J, Sobrino B, Quintans B, Brion M, Carracedo A. The use of the LightCycler for
the detection of Y chromosome SNPs. Forensic Sci Int 2001 May 15;118(2-3):163-168.

Lawenstam HA, Weiner S. On Biomineralization. New York: Oxford University Press; 1989.

Lee HC, Pagliaro M, Berka KM, Folk NL, Anderson DT, Ruano G, et al. Genetic markers in human
bone: 1. Deoxyribonucleic acid (DNA) analysis. J Forensic Sci 1991;36:320-330.

Levinson G, Gutman GA. Slipped-strand mispairing: a major mechanism for DNA sequence
evolution. Mol Biol Evol 1987 May;4(3):203-221.

Lieverse AR, Pratt V, Schulting RJ, Cooper ML, Bazaliiskii I, Weber AW. Point taken: An unusual
case of incisor agenesis and mandibular trauma in Early Bronze Age Siberia. International Journal
of Paleopathology 2014;6:53-59.

Lieverse AR. Health and Behavior in Mid-Holocene Cis-Baikal: Biological Indicators of Adaptation
and Culture Change. In: Weber AW, Katzenberg MA, Schurr TG, editors. Prehistoric Hunter-



252

Gatherers of the Baikal Region, Siberia: Bioarchaeological Studies of Past Life Ways Philadelphia,
PA: University of Pennsylvania Museum of Archaeology and Anthropology; 2010. p. 135-173.

Lindahl T. Instability and decay of the primary structure of DNA. Nature 1993 Apr
22;362(6422):709-715.

Lott MT, Leipzig JN, Derbeneva O, Xie HM, Chalkia D, Sarmady M, et al. mtDNA variation and
analysis using MITOMAP and MITOMASTER.Current Protocols in Bioinformatics 1(123):1.23.1-26.
PMID: 25489354. . 2013; Available at: http://www.mitomap.org.

Maca-Meyer N, Arnay M, Rando JC, Flores C, Gonzalez AM, Cabrera VM, et al. Ancient mtDNA
analysis and the origin of the Guanches. Eur J Hum Genet 2004 Feb;12(2):155-162.

Malaver PC, Yunis JJ. Different dental tissues as source of DNA for human identification in forensic
cases. Croat Med J 2003 Jun;44(3):306-309.

Malyarchuk B, Derenko M, Denisova G, Maksimov A, Wozniak M, Grzybowski T, et al. Ancient
links between Siberians and Native Americans revealed by subtyping the Y chromosome
haplogroup Qla.J Hum Genet 2011 Aug;56(8):583-588.

Mamonova NN. Drevnee naselenie Angary i Leny v serovskoe vremia po dannym antropologii. In:
Okladnikov AP, Alekseev VP, editors. Paleontropologiia Sibiri Moskva: Nauka; 1980. p. 64-88.

Mamonova NN. K voprosu o drevnem naselenii Priangar’ia po paleoantropologicheskim dannym.
In: Smirnov AP, editor. Problemy arkheologii Urala i Sibiri Moskva: Nauka; 1973. p. 18-28.

Mamonova NN. K voprosu o mezhgrupovykh razlichilakh v neolite Pribaikal’ia. Voprosy
Antropologii 1983;1:88-103.

Mannucci A, Sullivan KM, Ivanov PL, Gill P. Forensic application of a rapid and quantitative DNA
sex test by amplification of the X-Y homologous gene amelogenin. Int J Legal Med
1994;106(4):190-193.

Markoulatos P, Siafakas N, Moncany M. Multiplex polymerase chain reaction: a practical
approach. J Clin Lab Anal 2002;16(1):47-51.

Mata-Miguez J, Overholtzer L, Rodriguez-Alegria E, Kemp BM, Bolnick DA. The genetic impact of
Aztec imperialism: ancient mitochondrial DNA evidence from Xaltocan, Mexico. Am J Phys
Anthropol 2012 Dec;149(4):504-516.

Mckenzie HG, Weber AW, Goriunova Ol. Morturary variability at the Late Neolithic-Early Bronze
Age cemetery Khuzhir-Nuge X1V in Cis-Baikal, Siberia. In: Weber AW, Goriunova Ol, Mckenzie HG,
editors. Khuzhir-Nuge XIV, a Middle Holocene hunter-gatherer cemetery on Lake Baikal, Siberia:
archaeological materials Edmonton, AB: Canadian Circumpolar Institute Press; 2008. p. 219-266.


http://www.mitomap.org/

253

Mckenzie HG. Morturary variability at Kurma XI. In: Weber AW, Goriunova Ol, Mckenzie HG,
Lieverse AR, editors. Kurma Xl, a Middle Holocene Hunter-Gatherer Cemetery on Lake Baikal,
Siberia: Archaeological and Osteological Materials. 6th ed. Edmonton, Alberta, Canada: Canadian
Circumpolar Institute Press; 2011. p. 209-228.

McKenzie HG. Variability in Bronze Age Mortuary Practices in the Little Sea Microregion of Cis-
Baikal. In: Weber AW, Katzenberg MA, Schurr TG, editors. Prehistoric Hunter-Gatherers of the
Baikal Region, Siberia: Bioarchaeological Studies of Past Life Ways 3260 South Street,
Philadelphia, PA: University of Pennsylvania Museum of Archaeology and Anthropology; 2010. p.
87-106.

Medvedev G. Upper Paleolithic Sites in South-Central Siberia. In: Derev’anko AP, Shimkin DB,
Powers WR, editors. The Paleolithic of Siberia: New Discoveries and Interpretations University of
Illinois: Urbana; 1998. p. 122-137.

Merriwether DA, Hall WW, Vahlne A, Ferrell RE. mtDNA variation indicates Mongolia may have
been the source for the founding population for the New World. Am J Hum Genet 1996
Jul;59(1):204-212.

Millar CD, Huynen L, Subramanian S, Mohandesan E, Lambert DM. New developments in ancient
genomics. Trends Ecol Evol 2008 Jul;23(7):386-393.

Mitchell D, Willerslev E, Hansen A. Damage and repair of ancient DNA. Mutation Research
2005;571:265-276.

Mooder KP, Schurr TG, Bamforth FJ, Bazaliiski VI, Savel'ev NA. Population affinities of Neolithic
Siberians: a snapshot from prehistoric Lake Baikal. Am J Phys Anthropol 2006 Mar;129(3):349-
361.

Mooder KP, Schurr TG, Bamforth FJ, Bazaliiskii VI. Mitochondrial DNA and archaeology: the
genetic characterisation of prehistoric Siberian hunter-gatherers. In: Weber AW, Mckenzie HG,
editors. Prehistoric foragers of the Cis-Baikal, Siberia Edmonton: Canadian Circumpolar Press;
2003. p. 187-196.

Mooder KP, Thomson T, Weber AW, Bazaliiskii V, Bamforth F. Uncovering the genetic landscape
of the prehistoric Cis-Baikal. In: Weber AW, Katzenberg MA, Schurr TG, editors. Prehistoric
Hunter-Gatherers of the Baikal Region, Siberia: Bioarchaeological studies of past lifeways
Philadelphia: University of Pennsylvania Museum of Archaeology and Anthropology Press; 2010.
p. 107-119.

Mooder KP, Weber AW, Bamforth FJ, Lieverse AR, Schurr TG, Bazaliiski VI, et al. Matrilineal
affinities and prehistoric Siberian mortuary practices: a case study from Neolithic Lake Baikal.
Journal of Archaeological Science 2005;32:619-634.

Moretti T, Koons B, Budowle B. Enhancement of PCR Amplification Yield and Specificity Using
AmpliTaq Gold DNA Polymerase. BioTechniques 1998;25:716-722.



254

Morin PA, Martien KK, Taylor BL. Assessing statistical power of SNPs for population structure and
conservation studies. Mol Ecol Resour 2009 Jan;9(1):66-73.

Movsesian AA, Bakholdina VY, Pezhemsky DV. Biological diversity and population history of
Middle Holocene hunter-gatherers from the Cis-Baikal region of Siberia. Am J Phys Anthropol
2014 Dec;155(4):559-570.

Nakahori Y, Takenaka O, Nakagome Y. A human X-Y homologous region encodes "amelogenin".
Genomics 1991 Feb;9(2):264-269.

Nanci A. Enamel: Composition, Formation and Structure. 6th ed. St Louis, Missouri: Mosby; 2003.

Nasidze I, Quinque D, Dupanloup I, Cordaux R, Kokshunova L, Stoneking M. Genetic evidence for
the Mongolian ancestry of Kalmyks. Am J Phys Anthropol 2005 Dec;128(4):846-854.

Nasidze I, Quinque D, Dupanloup I, Cordaux R, Kokshunova L, Stoneking M. Genetic evidence for
the Mongolian ancestry of Kalmyks. Am J Phys Anthropol 2005 Dec;128(4):846-854.

Naumann E, Krzewinska M, Gotherstrom A, Eriksson G. Slaves as burial gifts in Viking Age
Norway? Evidence from stable isotope and ancient DNA analyses. Journal of Archaeological
Science 2014 1;41(0):533-540.

Naumova QY, Rychkov SY, Bazaliiskii VI, Mamonova NN, Sulerzhitskii LD, Rychkov YG. Molecular
genetic characteristics of the Neolithic population of the Baikal region: RFLP of the ancient
mtDNA from skeletal remains found in the Ust-lda | burial ground. Russ J Genet 1997;33:1215-
1221.

Naumova OY, Rychkov SY. Siberian population of the New Stone Age: mtDNA haplotype diversity
in the ancient population from the Ust’-Ida | burial ground, dated 4020-3210 BC by 14C.
Anthropologischer Anzeiger 1998;56:1-6.

Nei M. Analysis of gene diversity in subdivided populations. Proc Natl Acad Sci U S A 1973
Dec;70(12):3321-3323.

Niederstatter H, Coble MD, Grubwieser P, Parsons TJ, Parson W. Characterization of mtDNA SNP
typing and mixture ratio assessment with simultaneous real-time PCR quantification of both
allelic states. Int J Legal Med 2006 Jan;120(1):18-23.

Noonan JP, Hofreiter M, Smith D, Priest JR, Rohland N, Rabeder G, et al. Genomic sequencing of
Pleistocene cave bears. Science 2005 Jul 22;309(5734):597-599.

Okladnikov AP. Ancient Population of Siberia and its Cultures. Cambridge, MA: Peabody Museum;
1959.

Okladnikov AP. Ancient Population of Siberia and its Cultures. In: Levin MG, Potapov LP, editors.
The Peoples of Siberia Chicago: University of Chicago Press; 1964. p. 13-98.



255

Onofri V, Alessandrini F, Turchi C, Pesaresi M, Buscemi L, Tagliabracci A. Development of
multiplex PCRs for evolutionary and forensic applications of 37 human Y chromosome SNPs.
Forensic Sci Int 2006 Feb 10;157(1):23-35.

Oota H, Settheetham-Ishida W, Tiwawech D, Ishida T, Stoneking M. Human mtDNA and Y-
chromosome variation is correlated with matrilocal versus patrilocal residence. Nat Genet 2001
Sep;29(1):20-21.

O'Rourke DH, Hayes MG, Carlyle SW. Ancient DNA studies in physical anthropology. Annual
Review of Anthropology 2000;29:217-242.

Ou CY, Moore JL, Schochetman G. Use of UV irradiation to reduce false positivity in polymerase
chain reaction. BioTechniques 1991 Apr;10(4):442, 444, 446.

Paabo S, Gifford JA, Wilson AC. Mitochondrial DNA sequences from a 7000-year old brain. Nucleic
Acids Res 1988 Oct 25;16(20):9775-9787.

Paabo S. Ancient DNA: extraction, characterization, molecular cloning, and enzymatic
amplification. Proc Natl Acad Sci U S A 1989 Mar;86(6):1939-1943.

ParacchiniS, Arredi B, Chalk R, Tyler-Smith C. Hierarchical high-throughput SNP genotyping of the
human Y chromosome using MALDI-TOF mass spectrometry. Nucleic Acids Res 2002 Mar
15;30(6):e27.

Perez-Lezaun A, Calafell F, Comas D, Mateu E, Bosch E, Martinez-Arias R, et al. Sex-specific
migration patterns in Central Asian populations, revealed by analysis of Y-chromosome short
tandem repeats and mtDNA. Am J Hum Genet 1999 Jul;65(1):208-219.

Perez-Lezaun A, Calafell F, Seielstad M, Mateu E, Comas D, Bosch E, et al. Population genetics of
Y-chromosome short tandem repeats in humans. J Mol Evol 1997 Sep;45(3):265-270.

Rappold GA. The pseudoautosomal regions of the human sex chromosomes. Hum Genet 1993
Oct;92(4):315-324.

Rasmussen M, Anzick SL, Waters MR, Skoglund P, DeGiorgio M, Stafford TW,Jr, et al. The genome
of a Late Pleistocene human from a Clovis burial site in western Montana. Nature 2014 Feb
13;506(7487):225-229.

Reich D, Green RE, Kircher M, Krause J, Patterson N, Durand EY, et al. Genetic history of an archaic
hominin group from Denisova Cave in Siberia. Nature 2010 Dec 23;468(7327):1053-1060.

Renfrew C. From molecular genetics to archaeogenetics. Proc Natl Acad Sci U S A 2001 Apr
24;98(9):4830-4832.

Roberts RJ. Restriction endonucleases. CRC Crit Rev Biochem 1976 Nov;4(2):123-164.



256

Roewer L, Epplen JT. Rapid and sensitive typing of forensic stains by PCR amplification of
polymorphic simple repeat sequences in case work. Forensic Sci Int 1992 Mar;53(2):163-171.

Roewer L, Krawczak M, Willuweit S, Nagy M, Alves C, Amorim A, et al. Online reference database
of European Y-chromosomal short tandem repeat (STR) haplotypes. Forensic Sci Int 2001 May
15;118(2-3):106-113.

Rohland N, Hofreiter M. Ancient DNA extraction from bones and teeth. Nat Protoc
2007;2(7):1756-1762.

Rohland N, Hofreiter M. Comparison and optimization of ancient DNA extraction. BioTechniques
2007 Mar;42(3):343-352.

Rompler H, Dear PH, Krause J, Meyer M, Rohland N, Schoneberg T, et al. Multiplex amplification
of ancient DNA. Nat Protoc 2006;1(2):720-728.

Rubicz R, Melton PE, Spitsyn V, Sun G, Deka R, Crawford MH. Genetic structure of native
circumpolar populations based on autosomal, mitochondrial, and Y chromosome DNA markers.
Am J Phys Anthropol 2010 Sep;143(1):62-74.

RYCHKOV YG, SHEREMET'EVA VA. The Genetics of Circum
Polar Populations of Eurasiarelated to the Problem of Human Adaptation. In: MILAN FA, editor.
International Biological Programme, VOL. 21. The Human Biology of Circumpolar Populations
New York, N.Y., USA: CAMBRIDGE UNIVERSITY PRESS; 1980. p. 37-80.

Sanchez JJ, Borsting C, Hallenberg C, Buchard A, Hernandez A, Morling N. Multiplex PCR and
minisequencing of SNPs--a model with 35 Y chromosome SNPs. Forensic Sci Int 2003 Oct
14;137(1):74-84.

Sanchez JJ, Borsting C, Morling N. Typing of Y chromosome SNPs with multiplex PCR methods.
Methods Mol Biol 2005;297:209-228.

Sanchez JJ, Endicott P. Developing multiplexed SNP assays with special reference to degraded
DNA templates. Nat Protoc 2006;1(3):1370-1378.

Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-terminating inhibitors. Proc Natl
Acad Sci 1977;74(12):5463-5467.

Santos FR, Epplen JT, Pena SD. Testing deficiency paternity cases with a Y-linked tetranucleotide
repeat polymorphism. EXS 1993;67:261-265.

Santos FR, Gerelsaikhan T, Munkhtuja B, Oyunsuren T, Epplen JT, Pena SD. Geographic
differences in the allele frequencies of the human Y-linked tetranucleotide polymorphism DYS19.
Hum Genet 1996 Mar;97(3):309-313.



257

Santos FR, Pandya A, Tyler-Smith C, Pena SD, Schanfield M, Leonard WR, et al. The central
Siberian origin for native American Y chromosomes. Am J Hum Genet 1999 Feb;64(2):619-628.

Scholz M, Giddings I, Pusch CM. A polymerase chain reaction inhibitor of ancient hard and soft
tissue DNA extracts is determined as human collagen type I. Anal Biochem 1998 Jun 1;259(2):283-
286.

Schoske R, Vallone PM, Ruitberg CM, Butler JM. Multiplex PCR design strategy used for the
simultaneous amplification of 10 Y chromosome short tandem repeat (STR) loci. Anal Bioanal
Chem 2003 Feb;375(3):333-343.

Schultes T, Hummel S, Herrmann B. Amplification of Y-chromosomal STRs from ancient skeletal
material. Hum Genet 1999 Feb;104(2):164-166.

Schurr TG, Sherry ST. Mitochondrial DNA and Y chromosome diversity and the peopling of the
Americas: evolutionary and demographic evidence. Am J Hum Biol 2004 Jul-Aug;16(4):420-439.

Schurr TG, Sukernik RI, Starikovskaya YB, Wallace DC. Mitochondrial DNA variation in Koryaks and
Itel'men: population replacement in the Okhotsk Sea-Bering Sea region during the Neolithic. Am
J Phys Anthropol 1999 Jan;108(1):1-39.

Schurr TG. Molecular Genetic Diversity of Indigenous Siberians: Implications for Ancient DNA
Studies of Cis-Baikal Archeological Populations. In: Weber AW, Mckenzie HG, editors. Prehistoric
Foragers of the Cis-Baikal, Siberia: Proceedings of the First Conference of the Baikal Archaeology
Project Edmonton, Canada: Canadian Circumpolar Institute (CCI) Press; 2003. p. 155-186.

Schwartz TR, Schwartz EA, Mieszerski L, McNally L, Kobilinsky L. Characterization of
deoxyribonucleic acid (DNA) obtained from teeth subjected to various environmental conditions.
J Forensic Sci 1991 Jul;36(4):979-990.

Scozzari R, Cruciani F, Santolamazza P, Malaspina P, Torroni A, Sellitto D, et al. Combined use of
biallelic and microsatellite Y-chromosome polymorphisms to infer affinities among African
populations. Am J Hum Genet 1999 Sep;65(3):829-846.

Seielstad M, Yuldasheva N, Singh N, Underhill P, Oefner P, Shen P, et al. A novel Y-chromosome
variant puts an upper limit on the timing of first entry into the Americas. Am J Hum Genet 2003
Sep;73(3):700-705.

Seielstad MT, Minch E, Cavalli-Sforza LL. Genetic evidence for a higher female migration rate in
humans. Nat Genet 1998 Nov;20(3):278-280.

Semino O, Passarino G, Oefner PJ, Lin AA, Arbuzova S, Beckman LE, et al. The genetic legacy of
Paleolithic Homo sapiens sapiens in extant Europeans: a Y chromosome perspective. Science
2000 Nov 10;290(5494):1155-1159.



258

Simon M, Jordana X, Armentano N, Santos C, Diaz N, Solorzano E, et al. The presence of nuclear
families in prehistoric collective burials revisited: the bronze age burial of Montanissell Cave
(Spain) in the light of aDNA. Am J Phys Anthropol 2011 Nov;146(3):406-413.

Smith ClI, Chamberlain AT, Riley MS, Stringer C, Collins MJ. The thermal history of human fossils
and the likelihood of successful DNA amplification. J Hum Evol 2003 Sep;45(3):203-217.

Somerville M. Trying AmpFISTR® Identifiler® PCR amplification kit with ancient DNA samples from
Shamanka Il. 2013.

Sosnovskaia NS. Issledovanii mogil'nika Kurma XI (poberezh'e Malogo moria ozera Baikal).
Arkheologiia, paleoekologiia i etnologiia Sibiri Dal'nego Vostoka 1996;2:47-49.

Starikovskaya YB, Sukernik RI, Derbeneva OA, Volod'ko NV, Ruiz-Pesini E, Torroni A, et al.
Mitochondrial DNA diversity in indigenous populations of the southern extent of Siberia, and the
origins of Native American haplogroups. Annals of Human Genetics 2005;69:67-89.

Starikovskaya YB, Sukernik RI, Derbeneva OA, Volod'ko NV, Ruiz-Pesini E, Torroni A, et al.
Mitochondrial DNA diversity in indigenous populations of the southern extent of Siberia, and the
origins of Native American haplogroups. Annals of Human Genetics 2005;69:67-89.

Starikovskaya YB, Sukernik RI, Schurr TG, Kogelnik AM, Wallace DC. mtDNA diversity in Chukchi
and Siberian Eskimos: implications for the genetic history of Ancient Beringia and the peopling of
the New World. Am J Hum Genet 1998 Nov;63(5):1473-1491.

Strachan T, Read AP. Human Molecular Genetics. Oxford: BIOS Sci; 1997.

Su B, Xiao J, Underhill P, Deka R, Zhang W, Akey J, et al. Y-Chromosome evidence for a northward
migration of modern humans into Eastern Asia during the last Ice Age. Am J Hum Genet 1999
Dec;65(6):1718-1724.

Sukernik Rl, Shur TG, Starikovskaia EB, Uolles DK. Mitochondrial DNA variation in native
inhabitants of Siberia with reconstructions of the evolutional history of the American Indians.
Restriction polymorphism. Genetika 1996 Mar;32(3):432-439.

Sullivan KM, Mannucci A, Kimpton CP, Gill P. A rapid and quantitative DNA sex test: fluorescence-
based PCR analysis of X-Y homologous gene amelogenin. BioTechniques 1993 Oct;15(4):636-8,
640-1.

T. Thomson. Examination of mtDNA polymorphisms at the Early Neolithic Shamanka Il cemetery,
Lake Baikal, Siberia. Edmonton: University of Alberta; 2006.

Tambets K, Rootsi S, Kivisild T, Help H, Serk P, Loogvali E, et al. The Western and Eastern Roots of
the Saami—the Story of Genetic “Outliers” Told by Mitochondrial DNA and Y Chromosomes. The
American Journal of Human Genetics 2004 4;74(4):661-682.



259

Templeton JE, Brotherton PM, Llamas B, Soubrier J, Haak W, Cooper A, et al. DNA capture and
next-generation sequencing can recover whole mitochondrial genomes from highly degraded
samples for human identification. Investig Genet 2013 Dec 2;4(1):26-2223-4-26.

Thomas MG, Skorecki K, Ben-Ami H, Parfitt T, Bradman N, Goldstein DB. Origins of Old Testament
priests. Nature 1998 Jul 9;394(6689):138-140.

Tiutrin AA, Bazaliiskii VI. Mogil'nik v ust'e reki Idy v doline Angary. Akheologiia i etnologiia Sibiri
in Dal'nego Vostoka 1996;1:85-90.

Torroni A, Achilli A, Macaulay V, Richards M, Bandelt HJ. Harvesting the fruit of the human mtDNA
tree. Trends Genet 2006 Jun;22(6):339-345.

Torroni A, Miller JA, Moore LG, Zamudio S, Zhuang J, Droma T, et al. Mitochondrial DNA analysis
in Tibet: implications for the origin of the Tibetan population and its adaptation to high altitude.
Am J Phys Anthropol 1994 Feb;93(2):189-199.

Torroni A, Neel JV, Barrantes R, Schurr TG, Wallace DC. Mitochondrial DNA "clock" for the
Amerinds and its implications for timing their entry into North America. Proc Natl Acad SciU S A
1994 Feb 1;91(3):1158-1162.

Torroni A, Sukernik RI, Schurr TG, Starikorskaya YB, Cabell MF, Crawford MH, et al. mtDNA
variation of aboriginal Siberians reveals distinct genetic affinities with Native Americans. Am J
Hum Genet 1993 Sep;53(3):591-608.

Tuross N. The biochemistry of ancient DNA in bone. Experientia 1994 Jun 15;50(6):530-535.

Underhill PA, Jin L, Lin AA, Mehdi SQ, Jenkins T, Vollrath D, et al. Detection of numerous Y
chromosome biallelic polymorphisms by denaturing high-performance liquid chromatography.
Genome Res 1997 Oct;7(10):996-1005.

Underhill PA, Passarino G, Lin AA, Shen P, Mirazon Lahr M, Foley RA, et al. The phylogeography
of Y chromosome binary haplotypes and the origins of modern human populations. Ann Hum
Genet 2001 Jan;65(Pt 1):43-62.

Underhill PA, Shen P, Lin AA, Jin L, Passarino G, Yang WH, et al. Y chromosome sequence variation
and the history of human populations. Nat Genet 2000 Nov;26(3):358-361.

Untergasser A, Cutcutache |, Koressaar T, Ye J, Faircloth BC, Remm M, et al. Primer3--new
capabilities and interfaces. Nucleic Acids Res 2012 Aug 1;40(15):e115.

Vigilant L, Stoneking M, Harpending H, Hawkes K, Wilson AC. African populations and the
evolution of human mitochondrial DNA. Science 1991 Sep 27;253(5027):1503-1507.

Wallace DC, Brown MD, Lott MT. Mitochondrial DNA variation in human evolution and disease.
Gene 1999 Sep 30;238(1):211-230.



260

Wallace DC. 1994 William Allan Award Address. Mitochondrial DNA variation in human evolution,
degenerative disease, and aging. Am J Hum Genet 1995 Aug;57(2):201-223.

Weber A. Neolithic and early Bronze Age of the Lake Baikal region: a review of recent research.
Journal of World Prehistory 1995;9(1):99-165.

Weber AW, Bazaliiskii VI. Shamanka Il Cemetery: Clusters and Rows. 2012.

Weber AW, Bettinger R. Middle Holocene hunter-gatherers of Cis-Baikal. Siberia: an overview
for the new century. J Anthropol Archaeol 2010;29:491-506.

Weber AW, Beukens RP, Bazaliiskii VI, Goriunova Ol, Savel'ev NA. Radiocarbon dates from
Neolithic and Bronze Age hunter-gatherer cemeteries in the Cis-Baikal region of Siberia.
Radiocarbon 2006;48(1):127-166.

Weber AW, Goriunova Ol, McKenzie HG, Lieverse AR. Kurma Xl, a Middle Holocene Hunter-
Gatherer Cemetery on Lake Baikal, Siberia: Archaeological and Osteological Materials. Northern
Hunter-Gatherers Research Series Volume 6 ed. Edmonton, Alberta, Canada: Canadian
Circumpolar Institute (CCl Press); 2011.

Weber AW, Goriunova Ol. Fieldwork methods at Kurma XlI. In: Weber AW, Goriunova Ol,
Mckenzie HG, Lieverse AR, editors. Kurma Xl, a Middle Holecene Hunter-Gatherer Cemetery on
Lake Baikal, Siberia: Archaeological and Osteological Materials. 6th ed. Edmonton, Alberta,
Canada: Canadian Cirumpolar Institute Press; 2011. p. 13-22.

Weber AW, Goriunova Ol. Khronologiia mogil'nika Kurma XI (oz. Baikal) po arkheologicheskim i
radiouglerodnym dannym. lzvestiia Laboratorii drevnikh tekhnologii IGTU 2005;3:186-190.

Weber AW, Katzenberg MA, Schurr TG editors. Prehistoric hunter-gatherers of the Baikal region,
Siberia: Bioarchaeological studies of past life ways. Philadelphia: University of Pennsylvania
Museum of Archaeology and Anthropology Press; 2010.

Weber AW, Link DW, Katzenberg MA. Hunter-gatherer culture change and continuity in the
middle holocene of the Cis-Baikal, Siberia. J anthrop Archaeol 2002;21(2):230-299.

Weber AW, Link DW, Katzenberg MA. Hunter-gatherer culture change and continuity in the
Middle Holocene of the Cis-Baikal, Siberia. Journal of Anthropological Archaeology
2002;21(2):230-299.

Weber AW, Metcalf M, Goriunova Ol, Sekerin AP, Ovodov ND. Grave descriptions: Archaeology.
In: Weber AW, Goriunova Ol, McKenzie HG, Lieverse AR, editors. Kurma Xl, a Middle Holocene
Hunter-Gatherer Cemetery on Lake Baikal, Siberia: Archaeological and Osteological Materials.
6th ed. Edmonton, Alberta, Canada: Canadian Circumpolar Institute Press; 2011. p. 23-79.



261

Weber AW, Schulting RJ, Bronk Ramsey C, Goriunova Ol, Bazaliiskii VI. Chronology of middle
Holocene hunter—gatherers in the Cis-Baikal region of Siberia: Corrections based on examination
of the freshwater reservoir effect. Quaternary International n.d.

Weber AW, White D, Bazaliiskii VI, Goriunova Ol, Savel’ev NA, Katzenberg MA. Hunter—gatherer
foraging ranges, migrations, and travel in the middle Holocene Baikal region of Siberia: Insights

from carbon and nitrogen stable isotope signatures. Journal of Anthropological Archaeology
2011;30:523-548.

Weber AW. Overview of the Baikal Archaeology Project and bioarchaeological studies of the
Kurma Xl cemetery. In: Weber AW, Goriunova Ol, McKenzie HG, Lieverse AR, editors. Kurma XI,
a Middle Holocene Hunter-Gatherer Cemetery on Lake Baikal, Siberia: Archaeological and
Osteological Materials. Edmonton, Alberta, Canada: Canadian Circumpolar Institute Press; 2011.
p. 1-12.

Weber AW. Patterns of cemetery use at Kurma XI: Bayesian approach to the examination of
radiocarbon dates. In: Weber AW, Goriunova Ol, McKenzie HG, Lieverse AR, editors. Kurma XI, a
Middle Holocene Hunter-Gatherer Cemetery on Lake Baikal, Siberia Edmonton, Alberta, Canada:
Canadian Circumpolar Institute; 2011. p. 141-172.

Weisburg WG, Barns SM, Pelletier DA, Lane DJ. 16S ribosomal DNA amplification for phylogenetic
study. J Bacteriol 1991 Jan;173(2):697-703.

Wen B, Li H, Lu D, Song X, Zhang F, He Y, et al. Genetic evidence supports demic diffusion of Han
culture. Nature 2004 Sep 16;431(7006):302-305.

Willing EM, Dreyer C, van Oosterhout C. Estimates of genetic differentiation measured by F(ST)
donot necessarily require large sample sizes when using many SNP markers. PLoS One
2012;7(8):e42649.

Wilson IG. Inhibition and facilitation of nucleic acid amplification. Appl Environ Microbiol 1997
Oct;63(10):3741-3751.

Wilson MR, Stoneking M, Holland MM, DiZinno JA, Budowle B. Guidelines for the use of
mitochondrial DNA sequencing in forensic science. Crime Lab Digest 1993;20:68-77.

Wolf U, Schempp W, Scherer G. Molecular biology of the human Y chromosome. Rev Physiol
Biochem Pharmacol 1992;121:147-213.

Y Chromosome Consortium. A nomenclature system for the tree of human Y-chromosomal binary
haplogroups. Genome Res 2002 Feb;12(2):339-348.

Yang DY, Eng B, Saunders SR. Hypersensitive PCR, ancient human mtDNA, and contamination.
Hum Biol 2003 Jun;75(3):355-364.



262

Yao Y, Kong Q, Bandelt H, Kivisild T, Zhang Y. Phylogeographic Differentiation of Mitochondrial
DNA in Han Chinese. The American Journal of Human Genetics 2002 3;70(3):635-651.

Yepiskoposyan LM, Oganesyan NA, Khudoyan AT. Variation in short tandem repeats of human Y
chromosome. Russian Journal of Genetics 2001;37(8):1112-1117.

Zegura SL, Karafet TM, Zhivotovsky LA, Hammer MF. High-resolution SNPs and microsatellite
haplotypes point to a single, recent entry of Native American Y chromosomes into the Americas.
Mol Biol Evol 2004 Jan;21(1):164-175.

Zhao YB, Li HJ, Li SN, Yu CC, Gao SZ, Xu Z, et al. Ancient DNA evidence supports the contribution
of Di-Qiang people to the han Chinese gene pool. Am J Phys Anthropol 2011 Feb;144(2):258-268.

Zhong H, Shi H, Qi X, Xiao C, Jin L, Ma RZ, et al. Global distribution of Y-chromosome haplogroup
C reveals the prehistoric migration routes of African exodus and early settlement in East Asia.
Journal of Human Genetics 2010;55:428-435.

Zhong H, ShiH, Qi XB, Duan ZY, Tan PP, Jin L, et al. Extended Y chromosome investigation suggests
postglacial migrations of modern humans into East Asia via the northern route. Mol Biol Evol
2011 Jan;28(1):717-727.

Zhong H, ShiH, Qi XB, Duan ZY, Tan PP, Jin L, et al. Extended Y chromosome investigation suggests
postglacial migrations of modern humans into East Asia via the northern route. Mol Biol Evol
2011 Jan;28(1):717-727.

Zink A, Nerlich AG. Molecular analyses of the "Pharaos:" Feasibility of molecular studies in
ancient Egyptian material. Am J Phys Anthropol 2003 Jun;121(2):109-111.



