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ABSTRACT

In 1998, Dr. E. Molto was selected to conduct pilot research on the Hei Heru, Shang
Dynasty site in Anyang, China. A major component o f this research is the ancient DNA
analysis o f human remains recovered at Anyang. Preliminary work on these -3300 year old
remains has led to an auxiliary study that focuses upon modem DNA extracted from hairs
donated by individuals who currently live in the farming villages found within the greater
Anyang Site area. This latter study uses a ‘blind study’ approach, to analyze human hairs in
an effort to identify ancestor-descendent relationships in a controlled situation in order to
validate the methods used to examine the ancient specimens. We secured 30 hair samples
from 30 individuals who reside in three remote villages with a long history o f occupation in
the area. The hair samples include a series o f identified lineages representing grandmothers,
daughters and grandchildren. The analysis sought to identify individual matrilineages,
validate interpretative methods relevant to the ancient Anyang remains, to critically address
the implications o f short-term mutations for longitudinal studies, and evaluate the Anyang
data set with other mtDNA studies from Asia.
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CHAPTER 1: INTRODUCTION
Over two decades have elapsed since the human mitochondrial DNA (mtDNA)
genome was completely sequenced by a research team at Cambridge University, England
(Anderson et al. 1981). Since that time, mtDNA has impacted scientific knowledge on
many fronts including human aging (Wallace, 1995), human disease (Wallace, 1999) and
human origins/population history (Merriwether et al. 1994, von Haesler et al. 1995). It is
in the latter anthropological sphere that mtDNA gained its initial notoriety which
continues to this day. The mtDNA based 'Out o f Africa' hypothesis (Cann et al. 1987)
rocked the anthropological world by proposing a fundamental paradigm shift whereby
modem humans (Homo sapiens) were hypothesized to have evolved from one human
female lineage in Africa approximately 150,000-200,000 years ago. Previously,
paleoanthropologists had hypothesized that the human lineage represented by the genus
'Homo' could be traced back continuously for at least a million years (Wolpoff et al.
2001)! Though still acrimoniously debated, this molecular research illustrated the
inherent value o f mtDNA for deriving genealogical and historical origins. The haplotypic
or clonal nature o f mtDNA from exclusive matemal inheritance, concomitant with the
absence o f segregation and recombination, made mitochondrial DNA easier to interpret
than nuclear DNA. Moreover, the non-coding D-Loop region o f the mtDNA genome had
a much higher mutation rate than nuclear DNA (Cann et al. 1984) which made it ideally
suited for reconstructing population history. The 'Out-of-Africa' hypothesis also
incorporated a long standing indirect approach to genealogical reconstruction first used
by molecular researchers at the tum o f the last century, namely the use of modem living
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populations to reconstruct phylogenetic pattems based on accumulated differences. Later
Sarich and Wilson (1967) suggested that the timing of the separation o f past species could
be inferred by assuming constant rates o f mutational change, through the concept o f
'molecular clocks'. This method first computes genetic relationships based on 'mutational'
differences between modem samples and then, assuming constant 'mutation rates',
projects the length o f time for the separation o f extant populations. For the 'Out o f Africa'/
Eve Hypothesis it was suggested that since modem African populations invariably have
the largest number o f mutations in the mtDNA D-Loop region, they must represent the
founding lineage o f human evolution.
With the development o f the polymerase chain reaction (PCR) in the 1980s the
ability to recover ancient DNA became a reality. This provided researchers with the
ability for 'direct' sampling o f ancient human genomes. Again mtDNA provided yet
another advantage over nuclear DNA, namely, a high copy number per cell which
increased the probability o f recovering ancient DNA. For example, in bone, which is the
tissue most often used in ancient DNA research, each bone cell has several hundred
mitochondria but only one nucleus, which increases the probability o f recovering a
desired locus o f DNA. Numerous early success stories for recovering and interpreting
ancient mtDNA in archaeological populations were reported in the literature including the
recovery and sequencing o f Neandertal mtDNA (Krings et al. 1997). These early
successes also revealed major problems: contamination by modem DNA and inconsistent
results. Due to the latter problems, most researchers reverted to the 'indirect' approach to
reconstmcting population history.
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In 1998, pilot mtDNA research on ancient Chinese samples from the Shang
Dynasty capitol o f Anyang was initiated by Dr. E. Molto under the auspices o f the PaleoDNA laboratory and the Department o f Anthropology at Lakehead University. This
research was part o f a larger archaeological program conducted jointly between the
University o f Miimesota and the Institute o f Archaeology (LA) o f the Chinese Academy of
Social Sciences (CASS), People's Republic o f China, with the permission o f the China
State Bureau o f Cultural Relics. Bone and tooth samples from the Hei Heru cemetery of
the Anyang Site, Henan Province, China, dating to circa, 1300 B.C., were the subject o f a
Master o f Science Thesis by Ms. Alison Graver (Graver, 1999). Though ancient mtDNA
was recovered, the preservation was at best poor and inconsistent from sample to sample
(Graver et al. 2000). This reduced the interpretive aspects o f the ancient DNA (aDNA)
research. To further the interpretive framework for this ancient DNA initiative, hair
samples from modem individuals who claimed a long tenure in the Anyang region were
collected by Dr. Jigen Tang, Director o f the Anyang Research Station. These samples
represented succinct lineages o f grandmothers-mothers-children to help understand the
haplotypic variation in this region over 'limited' time. It was reasoned that since China
covers such a large geographical region and the large Chinese population may be
relatively heterogeneous, a better understanding o f the mtDNA variation in this well
circumscribed area o f historical significance (origin o f the Shang Dynasty) was required.
Subsequently, Yao et al. (2000) suggests that the southem Han Chinese populations are
older and that with mtDNA expansion to the north and east, HVl diversity generally
decreased. This retrospective study incorporated a large cross-sectional database of 1218
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individuals from across China. The implications of this study for Chinese origins are
significant and contrast the initial hypothesis for the aDNA program from Anyang.
The modem hair samples collected from 30 Han Chinese in the Anyang District o f
Central China form the basis for this mtDNA thesis. The research design is both blind
and longitudinal, which is essential for examining the following objectives;
(1) To test the efficacy o f mtDNA for lineage assignment o f these individuals;
(2) To examine the mtDNA for sources o f variation particularly heteroplasmy;
(3) To compare these data to the aDNA results previously generated for
ancient Anyang samples; and
(4) To test the fit o f these data relative to the homogeneity hypothesis for Han
Chinese recently proposed by Oota et al. (2002).
The thesis is organized as follows. Chapter 2 provides an overview o f ancient
DNA research with special emphasis on the Shang Dynasty archaeology; Chapter 3
details the research design, including materials and methods; Chapter 4 presents the
results, while the interpretation and significance of the results form the body o f Chapter 5.
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CHAPTER 2: DEVELOPMENT OF ANCIENT DNA STUDIES
Ancient DNA research has had a short but controversial history that has rapidly
changed with the development o f technology suitable for the extraction, amplification and
sequencing o f DNA molecules. Like many new scientific endeavors, there was early
optimism for ancient DNA research based on protocols originally developed for modem
DNA studies. Specifically, some modem protocols using molecular cloning were
successful in recovering nucleic acids from ancient tissue. An important study done by
Higuchi et al. (1984), reported that mtDNA was extracted from a quagga, a now extinct
relative o f the zebra. Svante Paabo (1984, 1985a, 1985b), another pioneer in ancient
DNA studies, was able to extract DNA from the ancient tissue o f Egyptian mummies. In
addition, the development o f PCR technology (Mullis and Faloona, 1987) offered
exciting potential for allowing trace amounts o f endogenous DNA to be targeted and
amplified. For instance, Paabo et al. (1988) used PCR to analyze mtDNA from a 7000year-old human brain. In fact, PCR based technology revolutionized the ancient DNA
field by allowing researchers to genetically characterize almost any well preserved ancient
biological material.
Unfortunately, the early optimism about the broad application o f ancient DNA
research was overshadowed by the identification o f new obstacles. In some
circumstances these limitations relate to the degree o f preservation o f ancient DNA, and
in other situations the problems relate to the research and development o f m ore effective
processing and analysis protocols o f this new and developing discipline. A particularly
serious problem relates to the fact that DNA can degrade rapidly and only small
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fragments may remain (Paabo, 1986). This is particularly serious in the context o f rapid
improvement in methodologies whereby even small remnant portions o f the DNA strand
may be recovered, amplified and subjected to analysis. In this situation, amplification o f
minute amounts of modem DNA contamination may be sufficient to obscure and mask
the fragments o f ancient DNA. Continued research has demonstrated that modem DNA
contamination o f ancient template can generate false-positive results. PCR, an extremely
sensitive technique, will preferentially amplify modem intact DNA over degraded ancient
DNA (Brown and Brown, 1992, Handt et al. 1994). This may lead to inadvertent
treatment o f modem contamination as the DNA o f interest. Failure to adequately address
and control for contamination issues has led some to challenge the authenticity o f some
studies that report the successful extraction o f very ancient DNA. For example, the
recovery o f DNA from a 12-20 million-year-old Magnolia leaf (Golenberg et al. 1990),
and 120-135 million-year-old weevil (Cano et al. 1993) have not been reproducible. This
problem, coupled with time consuming protocols and low success rates because o f the
often poor quality o f ancient DNA, led to the general trend o f using modem DNA
samples from different populations to reconstruct past population genetic histories
(Higuchi et al. 1987, Merriwether et al. 1995, Starikovskaya et al. 1998).
In general, as D NA researchers have addressed these problem s, it has become
clear that extremely rigorous sample preparation, DNA extraction and amplification
standards are required to m inim ize the risk o f modem contam ination, and to correctly
identify compromised samples as part o f the preliminary analytic process.
This research was conducted at the LU Paleo-DNA Laboratory that specializes in
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the extraction and analysis o f ancient samples. Therefore, the standard analytical

procedures are designed to address and control for the risk o f modem contamination and
other complications affecting the credible recovery o f ancient and degraded DNA. These
controls are reviewed in some detail in Chapter 3.

The Role of Mitochondrial DNA in Ancient DNA Studies
Most o f the early studies into modem and ancient DNA utilized mtDNA for
population genealogical analysis and aDNA analysis. The entire mitochondrial genome
was fully determined by the early 1980s (Anderson et al. 1981), and subsequently verified
by Andrews et al. (1999). The genetic determination o f the mitochondrial genome showed
that mtDNA offered some analytic advantages. For example, mtDNA is matemally
inherited (Giles et al. 1980), unlike nuclear DNA, which is subject to recombination and
independent assortment. Matemal inheritance o f mtDNA allows family lineages to be
tracked through time (Allen et al. 1998). Particularly important for ancient DNA studies
is the high copy number o f mitochondria in a single cell. While there is only one nucleus,
there are between hundreds and thousands o f mitochondria per cell (Tamarin, 1996). The
sheer number o f mitochondria significantly improves the probability o f extracting a
portion of intact DNA for analysis. Thus, matemal inheritance and high copy number
allow for population genealogical studies by mtDNA analysis of modem and ancient
materials.
However, mtDNA has general and specific problems that have been identified
during early trials. For example, the mitochondrial genome has a higher mutation rate
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that over time enables the genetic differentiation o f matemally related individuals
(Parsons et al. 1997). This higher mutation rate has been used to assess mtDNA
biodiversity in differentiating between racial groups (Horai and Hayasaka, 1990) and
broadly defined ethnic populations (Melton et al. 2001). But an accelerated mutation rate
has not always been useful for reconstructing certain population histories. Studies have
shown that regions such as Europe don’t reveal sufficient variability to differentiate
individuals and assign them to a particular geographic area because the population has
been so mobile and interbred (Melton et al. 1997). In contrast, it is possible to identify
people o f Aboriginal ancestry in North and South America because these populations
have a long history o f isolation fi-om other human populations. Individuals o f Amerind
background can generally be genetically typed to one o f four founding haplotypes
(Bailliet et al. 1994, Horai et al. 1993, Merriwether et al. 1995). Thus mtDNA data can be
useful in identifying and tracking some populations from a genetic perspective, except in
places like Europe where genetic admixture has been so historically prevalent.
Research design and sampling strategies for genetic research have played a
significant role in our understanding o f mitochondrial variation at the macro scale level.
Many mtDNA studies to date have followed a cross-sectional research design, whereby
samples are chosen from a diverse group of unrelated individuals within a large
population area. Studies from Europe (Baasner et al. 1998, Cali et al. 2000), North
America (Melton et al. 2001), and Asia (Lee et al. 1997, Seo et al. 1998, Tsai et al. 2001,
Tzen et al. 2001) have assessed the genetic diversity o f the mtDNA hypervariable regions.
From a large sample o f 2282 individuals, Melton et al. (2001) reports that high diversity
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exists within populations, but that little of this variability was specific to sub-populations.
That is, variability within geographically specific sub-population was as great as that
noted between sub-populations. As well, many o f these cross-sectional studies have also
sampled from a variety o f biological materials. Tully et al. (2000) notes the challenge
now is to understand how the complex ‘micro-evolutionary’ processes o f mtDNA
mutation, segregation, and transmission affect the more traditional population genetic
pattems o f mtDNA variation that have long been studied (i.e. cross-sectional studies).
Another potentially confounding issue relates to the phenomenon o f heteroplasmy
that can occur due to the clonal nature o f mtDNA replication and high copy number.
Heteroplasmy is the mixture o f two bases at a single site in a mtDNA sequence (Stewart
et al. 2001, Tzen et al. 2001). Due to the rare occurrence o f heteroplasmy, it has proved
useful in reconstmcting genetic relationships (Wilson et al. 1997). One well-known DNA
case involving heteroplasmy was the identification o f remains suspected to be the Tsar
Nicolas n o f Russia. The identification o f this individual was confirmed due to a unique
point mutation heteroplasmy (Debenham, 1996, Ivanov et al. 1996).
However, heteroplasmy also has the potential to limit the successful
reconstmction o f genetic relationships. The existence o f two distinct peaks at one site in
an electropherogram can cause interpretative uncertainty. The difference o f one or more
sites in the cornparison o f two genetic profiles can be sufficient to differentiate them as
not matemally related. Consequently, a heteroplasmic event could confuse the
identification of an ancestor/descendent relationship. Further compounding the potential
uncertainty, the level o f heteroplasmy can vary among family members, tissues and age
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groups (Baasner et al. 1998, Calloway et al. 2000, Gocke et al. 1997, Stewart et al. 2001).
Specifically, hair seems to be even more variable than other biological samples, such as
blood and saliva (Alonso et al. 2002) and exhibits more occurrences o f heteroplasmy
(Bendall et al. 1997, Carracedo et al. 2000, Wilson et al. 1997). Heteroplasmy may also
be difficult for researchers to recognize or detect due to the limitation o f automated
sequencing equipment sensitivity (Baasner et al. 1998, Calloway et al. 2000, Seo et al.
1998). Moreover, the frequency o f heteroplasmy is not well understood and though rare,
even two or more events can occur (Budowle et al. 2002, Tully et al. 2000). Generational
affects are not fully understood nor can it be fully addressed through cross-sectional
sampling strategies alone (Seo et al. 1998). Thus, heteroplasmy is a relatively new
phenomenon and there is still much to learn.
Finally, there is the problem o f interpreting ancient DNA results due to limited
comparative databases from both modem and ancient sources. Ideally, ancient DNA
results should be compared to modem samples that are representative on a regional basis
in order to test historical relationships. Wilson et al. (1993) reports that geographically
appropriate consensus sequences should be considered in order to understand mtDNA
diversity within a specific population. For instance, within the small number o f available
databases, the frequency o f mtDNA types may be uncertain as new variants will be
observed more often (Tully et al. 2001). Thus, a higher mutation rate, research design,
heteroplasmy and inadequate DNA databases have hindered the interpretative value of
mtDNA research. It is with these issues in mind that the current study was undertaken.
In 1998, Dr. El Molto was selected to conduct pilot research on the Hei Heru,

10
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Shang Dynasty site in Anyang, China. Ancient DNA analysis was a major component o f
this research, and lead to completion o f a MSc. research paper on the human remains
from Hei Heru by Alison Graver (Graver, 1999), and followed by a multi-authored paper
(Graver et al. 2000). As addressed in the latter paper, RFLP (restriction fragment length
polymorphism) data were generated for the -3300-year-old remains. RFLP, or mtDNA
haplotype, is defined by the presence or absence o f a particular marker within the mtDNA
genome. In general, mtDNA haplotype data has been used to track the large-scale
movement of populations globally through matemal lineages. It was hoped that the
aDNA research at Anyang would aid in addressing the genetic relationship o f the ancient
Shang skeletal remains in comparison to modem RFLP data. From this research, two
main problems came to light. First, DNA extraction methodologies were still developing
at the time of the aDNA pilot study, which led to difficulties in consistent recovery o f
DNA from the ancient remains. Second, the data generated in the aDNA pilot study was
difficult to interpret in comparison with mtDNA data from modem populations. This was
primarily due to the lack o f geographically appropriate modem genetic data.
Consequently, this led to the study addressed in this thesis.
Since the aDNA pilot study o f ancient remains in Anyang (Graver, 1999, Graver
et al. 2000) direct nucleotide sequencing technology became more refined and effective at
resolving individual molecules of DNA. DNA sequencing allowed individuals to be
compared and different genetic lineages determined. Having this level of interpretative
resolution of DNA provides an opportunity to test the assumption that mtDNA reflects
clonal transmission from mother to child, as it has been recently suggested that patemal

11
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inheritance o f mitochondria is a possibility (Bromham et al. 2003). As well, the
heteroplasmy phenomenon can be addressed to determine whether it affects the
determination o f genetic relationships between individuals. As a result, for this study we
secured modem hair samples from 30 individuals from three remote villages with a long
association in the Anyang region. Moreover, these individuals were selected using a
longitudinal research design, where grandmothers, mothers and children from discrete
households were sampled. This pilot study, done in “blind”, sought to identify matemally
related individuals. Moreover, the nature o f this study into mtDNA sequences has
relevance in eventually aiding the modeling o f the ancient DNA from Anyang.
Recently, however, a major paper on mtDNA in Chinese Han populations
suggested that this large Asian population is characterized by high variation within
populations, but very low differentiation between ethno-linguistically discrete Asian
populations (Oota et al. 2002). Examination o f how these Anyang data fit relative to
other Chinese mtDNA studies (Seo et al. 1998, Tsai et al. 2001) will contribute to
assessment o f the Chinese Han homogeneity hypothesis. Thus, this thesis is designed to
provide an interpretive mtDNA pilot analysis, which can be used as a template for the
study o f ancient DNA remains from Anyang, China.

B ackground Context of A nyang and Ancient Chinese H istory
The discovery of the Anyang archaeological site provided researchers with new
insights into Chinese ancient culture. The archaeological site is named for the nearby
modern city o f Anyang, located north o f the Yellow River in Henan Province in Northern

12
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China (Figure 1). The archaeological deposits first came to scientific attention in the late
19“^ century when hundreds o f oracle bones were accidentally discovered and reported
(Fagan, 1996). Beginning in 1928, excavations conducted by the Chinese Academy o f
Social Sciences have slowly uncovered the remains o f an ancient city that actually
encompasses more than 17 sites covering more than 24 square kilometres (Fagan, 1996).
The site complex is attributed to the Late Shang Dynasty, and dates approximately 13001046 BC (Latourette, 1967). The city’s ruins yielded an abundance o f architectural and
material remains that provide evidence o f a rich and complex civilization in ancient
China.
Anyang played a significant role in Chinese history. Research at the site has
revealed underlying deposits o f the earlier Neolithic culture in the region, and
demonstrated the early development o f an agricultural economy and pottery. However,
the appearance o f the Shang Dynasty marked a milestone in Chinese cultural history
(Chang, 1977). While certain Neolithic traits continued to be in use during Shang times,
demonstrating cultural continuity, new innovations developed that mark the appearance
o f early civilization in China.
The best know n deposits at Anyang consist o f the elaborate graves and burial
offerings associated w ith the elite o f Shang society. The architectural remains at the ritual
centre o f the Xiaotun city site include foundations o f 53 large structures that were likely
palaces and temples, w hile other residences and workshops indicate the way o f life
associated with the non-elite sectors o f society (Fagan, 1996). These latter zones yield
evidence o f the com m oners, and reveal the development o f craft specialization within the

13
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city. This includes bronze-metal working that facilitated the production o f a variety o f
vessels for daily and ceremonial use. Pottery production, jade stone carving and bone
working were also important industries.
One o f the most important artifact classes recovered at the site consists o f the socalled Oracle bones. O f the more than 100,000 inscribed bones recovered, at least 33,500
have been scientifically examined and interpreted (Fagan, 1996). The Oracle bones are a
particularly important element o f Anyang since they represent the development o f a
sophisticated writing system that was an important part o f ritual divination (Fagan, 1996,
Morton, 1980). This literature documents the history of the city and its rulers, and
identifies them as the “rulers o f Yin”, and that the Anyang site is actually Yinxu, the last
o f about seven capital cities o f the Shang Dynasty (Fagan, 1996, Tang et al. 2000). The
site clearly reflects the rise o f one o f the earliest o f civilizations, with an elaborate socio
political hierarchy associated with complex burial ritual, massive investments in
monumental architecture, intensification o f agricultural production, development of
metallurgy and a writing system. Clearly, the Shang political elite controlled a large
hinterland, and site complex represents one rise o f one o f the earliest states (Morton,
1980).
Several themes and directions o f archaeological research have developed since the
first excavations began at Anyang, and have promoted the study o f diverse aspects o f
ancient Chinese culture. While the development o f metallurgy and burial ritual are
prominent themes in the archaeological literature, attention has increasingly shifted to
address all o f the status grades m aking up Shang Dynasty culture. This transfomiation is

14
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also noted in the nature and orientation of bioarchaeological research at the site.
Originally it focused on the elaborate graves o f the elites, and the morphological aspects
o f the skeletal remains recovered in the royal cemeteries at Anyang. In 1998, a
collaborative project began between China, the United States and Canada that was
designed to undertake a comprehensive analysis o f human remains recovered at Hei Heru
Road site at Anyang. Under the organizational leadership o f Dr. El Molto, the
bioarchaeological research included cleaning and sorting o f the bones, the development o f
skeletal inventories, burial reconstructions, vital statistics (age, sex), morphology (metric
and non-metric traits), and paleopathology. Samples from the skeletal remains were also
collected for analyses o f stable isotopes and DNA. Components o f the latter research are
reflected in Graver’s research efforts that are noted above (1999, 2000). The present study
seeks to aid in the development o f models that will be useful in eventually interpreting
the genetic data that will derive from the ancient skeletal remains.

15
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FIGURE 1. Map o f China showing the location o f Anyang and other major cities (Shen,
2002). In the northern Henan province o f China, a late Shang dynasty capital, Yinxu, was
discovered in the 1920s near the modem city o f Anyang.
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CHAPTER 3: RESEARCH DESIGN, MATERIALS AND METHODS

Samples
Head hair samples (n = 30) were collected from three remote villages that
presently occupy the ancient Anyang site area. These modem villages have existed for
many years and the people trace their ancestry back as far as four hundred years (J. Tang,
personal communication). This is important for the present study because, historically,
Chinese society was predominantly mral rather than urban (Morton, 1980). The study
villages could then represent the genetic profiles o f small isolated peasant farming
villages with minimal introduction o f genes from outside the region. In this way, the
genetic information from the study villages can be used to develop a model o f mral China
in ancient times. Two villages, Huayuanzhuang (HYZ) and Xiaotun (XT) are located in
close proximity to one another, and are near the remains o f the ancient royal court at
Anyang. The third village, Houjiazhuang (HJZ), is located further north in the vicinity o f
the cemetery grounds (see Figure 2).
Hair was chosen because it is the least invasive type o f sampling technique in
comparison to other conventional DNA sample sources such as blood and buccal swabs
(Allen et al. 1998), and can be easily transported overseas. Moreover, hair has forensic
significance due to its ubiquitous nature and is a common evidentiary sample type (Linch
et al. 1998, Melton and Nelson, 2001, Sachs, 1997). The hair samples were stored in
Ziploc bags at room temperature for approximately three years prior to DNA extraction.
The samples represent a total o f 30 specimens collected from individuals within discrete
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households in each o f the three villages. Within each household, three females
(grandmother, mother and child) contributed hair. The three individuals who collected the
hair also contributed a sample o f their own hair for control purposes. The hair samples
have the hair shaft and root end attached. Hair colour was mainly dark brown, 26
individuals, while four individuals contributed white hair samples (blind study # ’s 5, 7,
16, and 19).

19
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FIGURE 2. Map showing area o f Yinxu ruins near the modem city o f Anyang, China.
The three villages involved in this study, Houjiazhuang (HJZ), Xiaotun (XT) and
Huayuanzhuang (HYZ) are noted. HJZ is located near the royal cemeteries, while XT
and HYZ are located within the royal court area (Shen, 2002).
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Quality Assurance/Quality Control
The control and monitoring o f contamination within the laboratory is the main
concern for mtDNA amplification using PCR. Guidelines with stringent precautions to
minimise the possibility o f contamination were employed as outlined by the ancient DNA
(Brown and Brown, 1992, Paabo et al. 1985, Richards et al. 1995) and international
forensic communities (Alonso et al. 2002, Capelli et al. 2003, Carracedo et al. 2000). For
instance, all disposables such as tubes and tips were autoclaved and UV irradiated prior to
use. Reagents were UV irradiated prior to use, if appropriate, as it has been shown to
reduce contamination in PCR (Ou et al. 1991). Forceps and racks were autoclaved and
UV irradiated. All extractions and PCR amplifications included blank reactions (no DNA
added) that were run in parallel to ensure reagent quality. Workspaces and dedicated
hoods were cleaned before and after each sample was prepared. Gloves were changed
between each sample extraction. The extraction procedure took place in a clean room
facility physically separated from any post PCR analysis. The mtDNA profiles and the
sequence for all laboratory staff are on file for comparative reference to check for intra
laboratory sources o f contamination.
Finally, sequencing results were analysed and interpreted according to established
standards (Rdhl et al. 2001, Tully et al. 2001, Wilson et al. 1993). The standardisation of
DNA sequencing nomenclature and the interpretation of results are important for proper
identification o f maternal relatives. Recommendations from the forensic community
were used in this study. The Revised Cambridge Reference Sequence (RCRS, Anderson
et al. 1981, Andrews et al. 1999) was used for comparative purposes and polymorphism
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calls (Tully et al. 2001). Criteria for determining heteroplasmy were taken from Tully et
al. (2001). For instance, two bases present at a single site should be at approximately
equal intensities, although 20% peak height may be enough if the peak can be
differentiated from background noise. The sequencing o f both strands ensures high
quality sequence to differentiate heteroplasmy from sequence noise/artefacts. “Hot spots”
for heteroplasmy, such as C-stretch regions, are noted.

DNA Extraction: Modified Wilson et al. (1995)
Two centimetres o f the shaft portion of a single hair from each sample were
placed in a 1.5mL tube containing 5% Terg-a-zyme™ detergent (Alconox Ltd., Jersey
City, N.J.). The tubes containing the hair were sonicated for 20 minutes in a water bath to
remove surface debris. The hair was then rinsed once in a 95% ethanol solution followed
by ddH2Ü.
Before the hair was transferred to a sterile 0.2mL micro-tissue grinder (Kontes
Glass, Vineland, N.J.), a reagent blank was prepared for each tube. A sterile pestle was
placed in the tube with 200pL o f extraction buffer (TE: lOmM Tris-HGl, 0.1 mM EDTA
pH 8.0) and grinding simulated by moving the pestle up and down. The 200pL of
extraction buffer was transferred to a new tube, and this blank reaction was run in parallel
along with the actual hair sample. Then the 2cm hair sample was placed in the glass tube
with another 200pL of extraction buffer and ground up until no fragments could be seen.
The DNA containing supernatant was transferred to a new sterile tube and 1pL
(20mg/mL) o f Proteinase K (QIAGEN) was added. The tubes were vortexed and
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centrifuged before being placed in an Eppendorf Thermomixer® for overnight incubation
at 56“C, under medium agitation.
Following overnight incubation, the tubes were briefly centrifuged to bring down
the condensate. 200pL o f phenol/chloroform/iso-amyl alcohol (PCIA, 25:24:1, Sigma
Chemicals) was added to each tube and vortexed for 30 seconds. The top aqueous layer
(approximately 200pL) was transferred to a prepared Microcon-IOOYM column
(Millipore) for purification following manufacturer’s recommendations. The purified
product was then ready for PCR.

PCR Amplification
The mitochondrial DNA area subjected to analysis was Hypervariable Region 1
and 2 o f the control region. Hypervariable Region 1 (H V l) and Hypervariable Region 2
(HV2), according to Anderson et al. (1981, GenBank, Accession #301415), are nucleotide
positions 15997-16401 for HV l and 73-340 for HV2. One set o f primers was used to
amplify 4 15bp o f H V l, 15996f (5'CTCC ACCATTAGCACCCAAAGC3') and 16410r(5'
TGATTTCACGGAGGATGGTG 3'). Another set o f primers was used* to amplify 375bp
of H V 2,15f(5' CACCCTATTAACCACTCACG 3') and 389r (5'
CTGGTTAGGCTGGTGTTAGG 3'). These hypervariable regions have been used
successfully to identify m aternally related individuals and the primers have been
previously reported in the literature (Vigilant et al. 1989, Wilson et al. 1995).
PCR am plification was performed in 50pL reactions using an Eppendorf
Mastercycler®. Separate PCR reactions were done for HVl and HV2.

Following the
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company’s recommendations for HotStarTaq™ (QIAGEN), each reaction contained 5pL
o f lOx PCR Buffer, IpL of lOmM dNTP’s (Stratagene), 2pL o f each lOmM primer
(Operon Technologies), 0.25 pL o f HotStarTaq (5 units/pL), 5-lOpL o f template DNA
and ddHzO to volume. The thermocycling conditions were as follows: hot start at 95®C
for 15 minutes, followed by 35 cycles o f 94°C for 30 seconds, 60°C (H V l) or 56®C (HV2)
for 30 seconds, and 72“C for 1 minute and a final extension o f 72"C for 10 minutes. PCR
reaction products were visualized by gel electrophoresis on 5% polyacrylamide gel
electrophoresis (PAGE) with ethidium bromide staining.

Sequencing
In preparation for sequencing, PCR products were first purified using Performa'*'^
DTR Gel Filtration Cartridges (Edge Biosystems, Gaithersburg, MD) to remove
unincorporated dNTP’s and other low molecular weight materials from the sequencing
reactions. Sequencing reactions were accomplished with a Big Dye^^ Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA) according to the
manufacturer’s recommendations. The same primer sets were used for sequencing o f
HVl and HV2 with sequencing accomplished on an ABI 310 and 3100 (Applied
Biosystems). Sequencing was processed in both forward and reverse directions in order to
reduce electropherogram ambiguities, such as high background signal and heteroplasmy.
Finally, mtDNA variability was reported according to standardized nomenclature for base
calling (Carracedo et al. 2000, Rdhl et al. 2001, Wilson et al 1993).
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CHAPTER 4: RESEARCH RESULTS
DNA was successfully extracted and sequenced for all 30 individual hair samples
for HVl and 28 samples yielded data for HV2. Each genetic profile was confirmed by
both a forward and reverse sequence. The forward and reverse sequences for each sample
were then assembled together and edited for base calls. Polymorphic sites were
determined for each hair sample by direct comparison with the rCRS (Accession
#101415, Andrews et al. 1999) obtained from GenBank (Benson et al. 2000) using
Sequencher Software Version 4.0.5. (Gene Codes Corp., Ann Arbor, MI). Tables 1 and 2
respectively list the polymorphic data for H V l and HV2 for the individuals in the study.
For H V l (see Table 1), there were 46 mutations noted among the mtDNA
haplotypes or lineages. The majority o f these (n=32) were unique to a specific haplotype,
while 14 were shared polymorphisms among the haplotypes. The most common
polymorphism, nucleotide position (np) 16223T occurred in 11 o f 16 lineages (Lineages
1-5, 8-10,12,13, and 16). The next most common mutation, at np 16362C, occurred in 7
of 16 lineages (3, 4, 8-10, 13, and 16). The two mutations, which result in a
homopolymer C-stretch in H V l, np 16183C and 16189C, were shared between the same
five lineages (2, 3, 6, 7, and 11). Np 16304C was shared by four lineages (4, 6, 14, and
15). Four polymorphisms were shared in three lineages. Np 16234T was found in
lineages 3, 4, and 7; 16298C in lineages 1, 5, and 12; and np 16311C in lineages 3, 6, and
8. Np 16319A was present in lineages 1, 9, and 13. The following five polymorphisms
were shared between two lineages: np 16217C (Lineages 7, and 11); 16248T (Lineages 4,
and 6); 16249C (Lineages 6, and 7); 16290T (Lineages 9, and 13) and 1629IT (Lineages
26
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8, and 14).
Mitochondrial sequence variation was assessed for HVl only, since some data
were missing for HV2. H Vl is considered the most variable area o f the control region
(Anderson et al. 1981) and therefore is the most useful for differentiation o f
matrilineages. From the 30 individuals, a total o f 146 polymorphisms were recorded,
which included 132 transitions, 12 transversions, two deletions and no insertions.
Consistent with other mtDNA studies (Budowle et al. 1999, Lee et al. 1997, Vigilant et
al. 1991), transitions outnumbered transversions. The respective relative frequencies of
transitions, transversions, and deletions were 90.4%, 8.2% and 1.3%. Transitions were
categorized by base type, namely purine (G/A) and pyrimidine (C/T). Pyrimidine
transitions were more common than purine transitions. O f the 132 transitions, 114 were
pyrimidines, while only 18 were purines. O f the 12 transversions, seven occurred at
16183C, three at 16092A, one at 16265T, and one at 16362A. Two deletions were
recorded at np 16182 and 16293.
HV2 sequencing o f the 30 samples was more problematic than that for o f H V l.
Forward and reverse sequences were successful for 28 samples, but samples (5, and 21)
repeatedly provided poor quality data and were consequently unreadable (see Table 2). As
well, sequencing o f all o f HV2, from np 73 to 340 was successful for 25 o f 28 samples.
Three samples (8, 9, and 10) repeatedly had unresolved individual bases due to high
background noise before nucleotide position 100 and consequently, the first 35 bases of
were omitted in the results.
Table 3 lists the results o f the blind study in the identification o f single
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individuals, pairs and sets o f maternally related individuals. Maternally related
individuals were identified when the mtDNA sequences matched. For all hair samples, it
was possible to generate mtDNA sequences. The data show six individuals who had
unique mtDNA profiles compared to all other samples. As well, six pairs o f individuals
were identified as maternal relatives, and four groups, consisting o f three individuals,
were considered maternal relatives because o f matching mtDNA sequences.
Upon completion o f the blind study, the identification o f the samples was
provided by Dr. Molto and witnessed by Dr. Carney Matheson. This information allowed
the blind study samples to be identified according to village (i.e. XT, HYZ, HJZ),
household (i.e. A, B, C) and generation (i.e. grandmother, mother, child). Tables 4, 5, and
6 show the correlation o f the blind study samples with exact identifications.
Table 3 and Table 4 facilitate a more complete understanding o f the genetic
relationship o f each individual to their household and village. In the blind study a total o f
six individuals could not be maternally matched to anyone in the composite sample
(Table 4). These unmatched individuals likely represented five grandmothers from
different villages (5, 7, 12, 16, and 19) and one collector (3) from the village o f HYZ. Six
pairs of maternally related individuals were matched (Table 5). Four o f six were rnotherchild pairs (28-27, 10-18, 20-23, and 24-6), one of six was a grandmother-mother pair (222), and one o f six was a grandmother-collector pair (21 t30). Four sets o f three
maternally related individuals were identified (Table 6). The first set was grandmothermother-child (25-17-29) from the same household (C) in village HYZ. The second set
was mother-child-collector (9-13-11) from village XT. The third set was a grandmother
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(1) from household B related to a mother-child pair (8-26) from household C from village
XT. The fourth set was mother-child pair (4-14) from HJZ village related to a child (15)
from HYZ village.
O f interest was that there were no unequivocal cases o f heteroplasmy in this study
sample. Direct sequencing o f forward and reverse mtDNA strands cleared up any
ambiguities in the sample set. According to standards outlined by the international
forensic community, heteroplasmy could not be reported.
In summary, seven o f nine grandmothers did not match mothers or children from
the same household. Eight o f nine mothers and children from the same household were
maternally related. Only one o f the nine households contained a matrilineage consisting
o f all three generations. There was one instance where the grandmother-mother pair (222) was not maternally related to the child (15) in the same household. Two o f the
collectors were maternally related to one o f the households from which they sampled. A
total o f 16 distinct lineages within nine households from three villages were identified.
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TABLE 1. Variable sites o f mtDNA hypervariable region 1 in 30 individuals from three
villages in the Anyang region o f China, with respect to nucleotide position 16000-16401
of the reference sequence (rCRS, Anderson et al. 1981, Andrews et al. 1999). Differences
from consensus sequence are noted, “d” refers to deletions,

indicates no change from

rCRS. Nucleotide positions with a decimal (i.e. 15465.1) refer to insertions.
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TABLE 2. Variable sites o f mtDNA hypervariable region 2 in 30 individuals from three
villages in the Anyang region o f China, with respect to nucleotide position 73-340 o f the
reference sequence (rCRS, Anderson et al. 1981, Andrews et al. 1999). Differences from
consensus sequence are noted.

refer to areas where sequencing data was not achieved,

“d” refers to deletions, “n” refers to no base call,

indicates no change from rCRS.

Nucleotide positions with a decimal (i.e. 309.1) refer to insertions.
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TABLE 3. A summary o f maternally related individuals in the blind study o f 30 individual
hair samples from individuals in remote villages near Anyang, China. Blind study samples
are categorized according to single individuals, and sets o f two or three maternally related
(MR) individuals.

The Maternal Lineages are numbered sequentially to represent the

different mtDNA profiles. The number o f HV1 and HV2 shared and unique sites are listed.
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Number
of MR
1

2

3

H V l Polymorphisms

HV2 Polymorphisms

Blind
Study
Numbers

Maternal

3

1

3

4

3

0

5

2

3

2

N/A

N/A

7

3

6

5

5

1

12

4

5

3

4

1

16

5

2

1

5

0

19

6

6

1

6

1

2-22

7

5

2

3

0

6-24

8

4

1

5

0

10-18

9

4

0

8

0

20-23

10

2

2

4

1

21-30

11

3

3

7

0

27-28

12

2

2

7

Q

1-8-26

13

4

1

6

1

4-14-15

14

2

2

4

0

9-11-13

15

1

3

6

0

17-25-29

16

2

0

3

1

Shared

Unique

Shared

Unique

(14)

(32)

(10)

(6)

Lineage

.
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TABLE 4. Blind study results o f unmatched individuals compared with confirmed
identifications according to village, household and generation. Six individuals were
identified that could not be matched to anyone in the study group. These individuals, 19,
7, 5, 16,12, and 3 are highlighted.
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VILLAGES
Xiaotun (XT)

Huayuanzhuang (HYZ)

HOUSEHOLD

A

B

C

A

B

C

Grandmother

19

1

7

5

2

Mother

9

24

8

20

Child

13

6

26

23

Collector

11

Other

Houjiazhuang (HJZ)
A

B

C

25

21

16

12

22

17

28

10

4

15

29

27

18

14

3

30
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TABLE 5. Blind study results o f pairs o f maternally related individuals eompared with
confirmed identifications according to village, household and generation. Six pairs of
maternal relatives were identified: 6-24, 20-23, 2-22, 278-28, 21-30, and 10-18. The
maternal pairs are highlighted.
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VILLAGES
Xiaotun (XT)

Huayuanzhuang (HYZ)

HOUSEHOLD

A

B

C

A

Grandmother

19

1

7

5

Mother

9

24

8

Child

13

6

26

Collector

11

123/

B

15

c

Other

Houjiazhuang (HJZ)
A

B

C

25

16

12

17

10

4

18

14

29

27
3
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TABLE 6. Blind study results o f sets o f three maternally related individuals compared with
confirmed identifications according to village, household and generation. In total, four sets
of three maternal relatives were identified; 9-11-13, 1-8-26,17-25-29, and 4-14-15 are
highlighted.
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VILLAGES
Xiaotun (XT)

Huayuanzhuang (HYZ)

HOUSEHOLD

A

C

A

B

Grandmother

19

7

5
20

Mother
Child
Collector

■
■
■

B

26

23

c

A

B

C

2

21

16

12

22

28

10

27

18

KJ

Other

Houjiazhuang (HJZ)

3

30
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CHAPTER 5: DISCUSSION AND CONCLUSION
Discussion
This thesis utilizes a proven mtDNA extraction protocol for hair developed by the
FBI (Wilson et al. 1995). A total o f 30 head hair samples from modem Chinese from
three villages in the Anyang region, Henan Province, constituted the composite sample.
These data generated in a ‘blind’ design to ensure unbiased sample analysis and
international forensic standards were implemented for the interpretation o f mtDNA data
(Wilson et al. 1993). The non-invasive sampling o f hair is an effective source o f DNA,
but some studies have shown that hair tends to be more variable in terms o f mtDNA
mutations than other tissues (Alonso et al. 2002, Bendall et al. 1997, Carracedo et al.
2000, Wilson et al. 1997). Included in this hypothesized variability for hair is a higher
rate o f heteroplasmic loci. As noted above, heteroplasmy was, however, not found in the
30 samples.
To assess whether this inter-sample variation would be detectable over
generations, this study followed a longitudinal sampling design. The study group included
grandmothers, mothers and children from nine different households, equally drawn from
three villages. As well, three o f the samples represented collectors who were from the
villages where the samples were obtained. The main objectives were to test mtDNA
lineage integrity from hair in terms o f assigning individuals to defined mtDNA lineages
and to provide a baseline model for interpreting ancient DNA results from the Anyang
region. A corollary to the latter objective was to determine if the haplotype variability
found in these modem Anyang samples supports the recent ‘homogeneity hypothesis’
42
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advanced by Oota et al. (2002).
The technical aspects o f mtDNA extraction from hair have been standardized
enough that a high rate o f success was obtained in generating quality data in this study.
Only minor difficulties arose where PCR amplification and sequencing data were not
obtained. O f methodological significance, when working with hair samples in particular,
the analyst should note hair characteristics, specifically colour and structure. Lack o f hair
pigmentation (melanin = colour) may compromise mtDNA extraction from such hair. In
my view this problem arose because when white hair is wet in an extraction buffer, it is
difficult to visualize and consequently, the piece o f hair can be lost or not be sufficiently
ground up. Grinding hair is a particularly important step in the extraction process. The
major structure o f hair is keratin and keratin fibers, which are thick and chemically
resistant (Hashimoto, 1998). As well, melanin increases rigidity to hair and proteins may
protect it fi-om degradation (Riley, 1997). Sufficiently isolating DNA fi-om keratinized
hair cells increases the chance o f a successful amplification (Hellmann et al. 2001).
Consequently, insuffieient grinding o f the hair may not release DNA bound in the shaft
and may result in poor DNA yield. This was found for one white hair sample (5) in this
study. It had a lower DNA yield or didn’t amplify at all after several PCR attempts. An
explanation for the difficulty with the white hair sample is that unpigmented hair (i.e.
white hair colour) lacks melanin, and therefore, theoretically, the DNA is less protected
from environmental degradation, such as solar radiation, than pigmented hair. White hair
lacks the absorbent protection o f melanin and is subsequently unprotected against UV
light that is known to cross-link DNA (Riley, 1997). Damage caused by the generation o f
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Reactive Oxygen Species (ROS) in aging melanocytes may also cause mutations to
mtDNA (Tobin and Paus, 2001). The impact o f this methodological problem appears to
be limited since it (Sample 5) was the only white hair sample that was problematic in
terms o f DNA yield. Despite this, HVI data were still obtained. This is a precautionary
methodological point, which could have a bearing on sample selection in forensic cases
or in other longitudinal mtDNA research.
The interpretation o f mtDNA data generated with automated sequencers has
become the standard in forensic laboratory casework. Most laboratories carry out
sequencing in forward and reverse directions, and report data according to accepted
nomenclature (Alonso et al. 2002, Carracedo et al. 2000, Wilson et al. 1993). This
standardization has allowed inter-laboratory testing o f samples done in “blind” to check
the level o f quality assurance and the proper interpretation o f genetic data. Results from
inter-laboratory DNA testing have shown that overall the error rate in participating labs
was low, and that sources o f the error were identified during sequencing analysis and
interpretation, such as transcription errors, methodological problems (i.e. sequence
artifacts) and heteroplasmic variability (Alonso et al. 2002). In this study, these types of
errors were taken into consideration for sequencing analysis and interpretation o f the 30
samples. Presumptive identification o f maternally related individuals was not confounded
by any difficulties listed previously, but without following the standards o f the
international forensic community, sequencing interpretation may become easily
compromised if the standards of the international forensic community are not followed.
For example, at np 248A and 249A, an adenine deletion at either site could be improperly
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recorded. Guidelines in Rohl et al. (2001) suggest recording the deletion at np 249 rather
than np 248. In this study, deletions originally recorded at np 248 were corrected to np
249 in order to maintain continuity within these published guidelines. This brief example
o f how errors can be generated in sequencing analysis and interpretation show how
important it is to be current with accepted guidelines in the DNA community, especially
when contributing or comparing to available DNA databases (Dennis, 2003)
Conforming to international guidelines for reporting mtDNA data is not only
useful for recognizing where recording errors can occur, but also improves interpretation
of control region variation. The control region o f the mitochondrial genome has been
utilized extensively in anthropology and forensic science (Bender et al. 2000) to
determine maternal relatedness between individuals. The control region contains two
principal areas, HVI and HV2 that include sufficient variation to make presumptive
identification o f related individuals possible (Parsons et al. 1997). HVI is reportedly
more variable than HV2, in that HVI generally has more polymorphisms than HV2. This
study supports this finding, as HVI had more polymorphisms than HV2: 46 versus 19,
respectively.
Another level o f variation that has been described pertains to the homopolymer
stretch, also known as the C-stretch in HVI (np 16184-16193) and HV2 (np 303-315).
These C-stretches are associated with one or more cytosine insertions that produce a
length heteroplasmy (Bendall and Sykes, 1995, Stewart et al. 2001, Stoneking, 2000). In
HVI, the transversion at np 16183C and transition at 16189C occurred in the same five
mtDNA lineages from this study creating a C-stretch o f 11 cytosines. Though readable
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sequence data following a C-stretch were not obtained, replication and priming inside the
C-stretch produced reliable data, and identifications were not affected. On the other
hand, the C-stretch in HV2 was more problematic. For instance, all maternally related
individuals matched at all sites within H V I, while maternal relatives (identifiable by
H V I) had different polymorphisms between these relatives in HV2. In particular, the
homopolymer stretch in HV2 has a significant amount o f variation between maternally
related individuals. There were three lineages that had differences in the HV2
homopolymer stretch between np 303 - 315 (rCRS, GenBank, Accession #101415).
Lineage 9 made up by a mother (10) and a child (18) differed in the length polymorphism.
The mother had a T insertion at np 310 while the child had C insertions at np 309.1 and
315.1. This same type of variation is seen in Lineage 13, where the mother (8) had a T at
np 310, while the grandmother (1) and child (26) had C insertions at 309.1 and 315.1.
Another related variation within the homopolymer stretch occurred in Lineage 15. The
mother (9) and collector (11) had C insertions at 309.1 and 309.2, while the child lacked
the insertion at np 309.2. These types o f C-stretch variations have been seen in other
studies (Stewart et al. 2001, Tagliabracci et al. 2001). Though there were sequence
variations, such as differences in number o f C ’s in the C-stretch or variation in the
relative amounts o f heteroplasmic length variants between presumptively identified
maternal relatives, the individuals were not excluded from the lineage (Stewart et al.
2001). Minor sequence variation, including one or more site differences and levels of
heteroplasmy, may not necessarily exclude individuals from a maternal lineage (Alonso et
al. 2002). Cali et al. (2000) suggest that due to the accelerated mutation rate and
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consequent increased genetic drift o f mtDNA control region, precise matches may not
survive long between related samples.
The longitudinal mtDNA analysis o f three generations within nine households
from three remote villages in China was successful at two levels: it successfully identified
maternally related individuals, and also enabled interpretation o f marriage practices.
When all the data are considered, a genetic pattern emerges within the households. As
noted, I found that a majority o f grandmothers were not genetically related to maternally
related mothers and children in the same household.
Not until the genetic information is evaluated in a cultural context does the pattern
make sense. Oota et al (2001) reported that human mtDNA genetic diversity is strongly
correlated with residence patterns. As culture determines societal patterns o f belief and
economy, a possible explanation for this genetic pattern can be related to the Chinese
practice o f patrilineality and patrilocality. In Chinese culture, ancestry is primarily traced
through the male line back to a common ancestor. Thus, sons and daughters trace their
descent through their father, grandfather and great grandfather (Haviland, 1996).
Furthermore, there is a general practice, especially in rural China, for a patrilocal system
of residency. Patrilocality is defined by the movement o f newly married women from
their place of birth to the house o f her husband and his family. It is common for men to
live with their wives and children in the house of his mother and father, and this can even
include his brothers and their families (Haviland, 1996). Thus, these rural villages with a
long history in the region o f Anyang appear to continue a patrilineal system of descent
with individual households following a patrilocal pattern of residency.
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Taking into consideration the mtDNA data and residence patterns, I developed a
model o f matrilineal relationships within a patrilocal household and matrilineal
relationships within a matrilocal household. In a patrilocal residence (Figure 3), it could
be expected that at least three maternal lineages would exist within a three generational
household. First, the grandfather would not be maternally related to anyone else in the
house. Second, the grandmother would be maternally related to her children (i.e. sons
and unmarried daughters). Third, the son’s wife would have a different maternal lineage
because she comes from outside the household, and her children would be maternally
related to her. If more than one son resided with the grandparents, then this pattern would
be further complicated by the addition o f daughters-in-law and her children. This
maternal genetic pattern is what is observed seven o f nine households from the remote
villages in China. That is, grandmothers were not related to mothers and children from
the same household. The pattern in villages XT and HJZ was observed for all households
tested, while only one household in village HYZ appeared to follow a patrilocal pattern.
The two remaining households in village HYZ differed in their household makeup
and may appear to follow a matrilocal residency pattern (see Figure 3).' A matrilocal
residence pattern will differ from a patrilocal one in that a mtDNA lineage is
continuously represented throughout generations. The preservation o f mtDNA lineages is
maintained when females remain in their place o f birth, while males move to their wives’
houses (Haviland, 1996). In household C, HYZ, all three female generations had the same
mtDNA type. The other household, B (HYZ), the grandmother and mother (2-22) were
related. Although the child (15) was not related to the grandmother-mother pair, and this
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will be addressed below, this household conforms to a matrilocal residency pattern.
Although these two families appear to follow a matrilineal residency pattern, without
further sampling o f men from the villages and households, it is impossible to say for
certain the type o f residency. There are other explanations may explain their household
situations. For instance, household C (HYZ), a situation where a daughter lost her
husband returns to her m other’s household with her child, or has a child out o f wedlock
could show three generations o f maternal relatives. Thus, the mtDNA analysis of
matrilineal relationships in different residences can facilitate interpretation o f human
genetic variation under the influence o f sex-specific roles among groups.
In summary, a total o f 16 distinct matrilineages were identified from nine
households from the three villages. This unexpected mtDNA lineage diversity arose
because of a design error, namely that the sample collectors did not differentiate between
maternal and paternal grandmothers. Ultimately, the error was made during the sample
arrangements as Dr. Molto and Dr. Jigen Tang did not clearly discuss the complexities o f
mtDNA transmission, and how it is affected by Chinese kinship and household
organization (E. Molto, personal communication, March, 2002). Chinese society is highly
patrilineal and characterized by patrilocal residence (Haviland, 1996). Seven mismatches
occurred between mothers and grandmothers because, o f course, the grandmothers were
from different mtDNA lineages than the mothers (i.e. daughters-in-law) and
grandchildren. This result alone supports the use o f mtDNA to identify relationships and
constitutes a significant research finding o f this thesis. Oota et al. (2001 ) reports more
mtDNA variation in a patrilineal and patrilocal society, such as China. The pattern of
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lineage diversity in this study appears to fit with the Oota et al. (2001) model.
The circumstance involving a child (15) from one village who is maternally
related to a mother-child pair (4-14) in another village is unusual. Taking everything into
consideration to try and account for this anomaly, sequencing data was re-evaluated.
Upon closer inspection, these three individuals had no electropherogram or sequence
ambiguities, and all profiles matched at every nucleotide position. In fact, the individuals
shared a unique transversion polymorphism at np 16092A, a type o f mutation that is less
common and more conservative. Two alternative explanations may offer plausible
explanations for this situation. Firstly, adoption in Chinese culture is common. This child
living in another village (HYZ) resides with a grandmother-mother pair (2-22). This
maternally related grandmother and mother is one o f two cases where a grandmother and
mother in the same household were maternally related. It is possible that the mother was
unable to have children and adopted the child. Adoption was not uncommon in Chinese
culture, but it was more frequent for a childless family to adopt a boy in order to continue
on the patrilineage (Latourette, 1967). Secondly, sampling error may have contributed to
this unusual situation. Collector 3 from HYZ was not maternally related to any o f the
families from which he sampled, unlike collectors 11 and 30 who were related to families
in their villages. Due to his possible unfamiliarity with the village residencies, perhaps
the collector took a sample from the child (15) from that household (HYZ-B) without
knowing the relationship of that child to the rest o f the family members. It is possible
that the child (15) was visiting relatives in the neighbouring village and was accidentally
included in the study. As well, sampling error could be attributed to incorrect recording
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of the initial samples, whereby they were mixed up. Consequently, due to insufficient
data about the sample collection, or particulars related to individuals in the study, I can
only speculate about the causes o f unexpected or ambiguous
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FIGURE 3. Model o f maternal relationships in patrilineal and matrilineal households with
three generations. Circles represent males and triangles represent females. Different patterns
o f colour represent distinct mtDNA lineages within each household.
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results. That being said, the quality controls built into the DNA extraction and analysis
process make it clear that the genetic profiles accurately reflect the nature o f the
biological materials submitted for analysis.
The ancient DNA pilot study by Graver (1999) and Graver et al. (2000) produced
sequencing results for a small number o f skeletal remains from the ancient site at Anyang,
China. Three individuals, 610A, 61 OB and a chariot driver were analyzed for a portion o f
the HVI region o f the mitochondrial genome. Due to the degraded nature o f the mtDNA,
only 50 to 150 bases were resolved in HVI for genetic profiling. Individuals 610A and
61 OB shared a polymorphism at np 16223T. The chariot driver sample had three
polymorphisms, np 16224C, 16311C, and 16324C. When the sequencing data from the
ancient project is compared to the modem Anyang samples, we find that two
polymorphisms are unique to the ancient data, while two polymorphisms also occurred in
the modem data. Np 16224C and 16324C are unique to the ancient study and are not
reported in the m odem mtDNA data set. The common polymorphisms, np 16223T and
163l i e are shared with 11 and 3 lineages respectively. This mtDNA variation in
Chinese ethnic populations may reflect this area’s ethnohistory, where genetic traces are
preserved over time (Yao et al. 2002). Interestingly, when the ancient mtDNA data frorn
Anyang was compared to other modem population studies, we find that some
polymorphisms are still present in modem mtDNA lineages. For instance, three
polymorphisms, np 16223T, 16311C and 16324C were in common with data reported by
Yao et al. (2002), but np 16224C was not represented in their Chinese and Thai data set at
all. In contrast, a study o f a modem Korean population by Lee et al. (1997) reported all
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four polymorphisms that occurred in the ancient DNA study. Regardless, further mtDNA
testing o f ancient samples from Anyang is necessary in order to understand the loss or
preservation o f polymorphisms from past to present populations. Thus, we see that some
polymorphisms may be conserved over time within the Anyang region, while other ones
may be lost over time.
In order to evaluate the Anyang data set within a larger geographic and population
area, the Anyang mtDNA data was analyzed along with two other Asian mtDNA data sets
(see Appendix). These data sets included 155 individuals o f Taiwanese Han descent (Tsai
et al. 2001), 149 mtDNA individuals o f Japanese descent (Seo et al. 1998), and 30
individuals from Anyang, China. An out-group was chosen from Helgason et al. 2000
which consisted o f 30 individuals self-identified as Icelandic (NCBl, Accession
AF236888-AF236917). Genetic analyses were conducted using M EGA version 2.1
(Kumar et al. 2001). The mtDNA region for phylogenetic analyses was H V I, np 16021
to 16401 (RCRS, Anderson et al. 1981, Andrews et al. 1999). An unrooted phylogenetic
tree was generated with a Neighbor-joining method (1000 bootstrap replications). In
general, the Anyang data is randomly dispersed among the larger Asian "data sets. There
are no lineages from Anyang grouping together by village, other than those individuals
who were identified as being maternally related. The out-group o f Icelandic sequences
cluster together off one main branch, although some Asian mtDNA types do fall into the
out-group main cluster. An explanation may be that mtDNA division o f major population
groups is less specific when only HVI data is compared. Ideally, the use o f HVI and
HV2 may clarify the overlap of major populations. Unfortunately, limited available
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mtDNA databases can make it difficult to find and include HV2 data in phylogenetic
analyses. Overall though, the Anyang mtDNA data when compared to other Asian
population data, fits well and supports overall population homogeneity hypothesis (Oota
et al. 2002).

Conclusion
The longitudinal study concerning the identification o f maternal lineages using
mtDNA from hair samples was successful in determining related persons from one o f
three villages in remote central China. The ‘blind study’ research design was useful to
validate the methodology, reduce researcher bias, and importantly, show the value o f
mtDNA for addressing questions about household make-up and residency type. I should
admit that upon release o f the actual individual identifications, which showed that seven
of nine grandmothers did not match mothers and daughters in the same household, that I
was concerned that something had gone wrong with the analyses. It wasn’t until Chinese
residency patterns were taken into consideration that the mtDNA longitudinal data made
sense. This shows the importance o f looking beyond the genetic data arid putting it into a
cultural, spatial or temporal context so that the true value o f the genetic data can be
understood. Finally, the phylogenetic analyses o f mtDNA from Anyang showed that these
people fit well within the larger Asian population, but that the inclusion o f HV2 is
necessary for deeper understanding of mtDNA in Asia.
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