ARCHAEOLOGY

AN INTRODUCTION

Terry Brown and Keri Brown

WWILEY-BLACKWELL



Brief Contents

List of Figures
List of Tables
Preface

Part | Biomolecules and How
They Are Studied

1 What is Biomolecular Archaeology?

2 DNA

3 Proteins
4 Lipids
5 Carbohydrates

6 Stable Isotopes

Part |l Preservation and Decay
of Biomolecules in
Archaeological Specimens

7 Sources of Ancient Biomolecules

8 Degradation of Ancient
Biomolecules




9 The Technical Challenges of
Biomolecular Archaeology

Part 11l The Applications of
Biomolecular Archaeology

10 Identifying the Sex of Human
Remains

11 Identifying the Kinship
Relationships of Human Remains

12 Studying the Diets of Past People

13 Studying the Origins and Spread
of Agriculture

14 Studying Prehistoric Technology
15 Studying Disease in the Past

16 Studying the Origins and
Migrations of Early Modern Humans

Glossary
Index




Contents

List of Figures
List of Tables
Preface

PART | BIOMOLECULES AND
HOW THEY ARE STUDIED

1 What is Biomolecular Archaeology?

1.1 The scope of biomolecular archaeology
1.2 Ancient and modern biomolecules

1.3 The challenges of biomolecular
archaeology

2 DNA

2.1 The Importance of DNA in Biomolecular
Archaeology

2.2 The Structure of DNA

2.3 Genomes and Genes
2.3.1 The human genome
2.3.2 The genomes of other organisms

2.3.3 Genes are looked on as the important parts
of a genome

2.3.4 Genes make up only a small part of a
mammalian genome
2.4 From Genomes to Organisms

2.4.1 There are two major steps in the genome
expression pathway

2.4.2 How the genome specifies the biological
characteristics of an organism




2.4.3 How the genome provides a record of
ancestry

2.5 How Ancient DNA is Studied

2.5.1 Extraction and purification of ancient DNA
from archaeological remains

2.5.2 The polymerase chain reaction is the key to
ancient DNA research

2.5.3 Careful design of the primers is crucial to
success of a PCR

2.5.4 Obtaining the sequence of a DNA molecule
2.5.5 PCR products obtained from ancient DNA
should be cloned prior to sequencing

2.5.6 Examining the sequences of cloned PCR
products

2.5.7 New methods for high throughput DNA
sequencing

2.5.8 Determining the evolutionary relationships
between DNA sequences

3 Proteins

3.1 The Importance of Proteins in
Biomolecular Archaeology

3.2 Protein Structure and Synthesis

3.2.1 Amino acids and peptide bonds

3.2.2 There are four levels of protein structure
3.2.3 The amino acid sequence is the key to
protein structure and function

3.2.4 The amino acid sequence of a protein is
specified by the genetic code

3.2.5 Post-translational modifications increase
the chemical complexity of some proteins

3.3 Studying Proteins by Immunological
Methods




3.3.1 Immunological methods depend on the
reaction between antibody and antigen

3.3.2 Methods based on precipitation of the
antibody-antigen binding complex

3.3.3 Enzyme immunoassays enable more
sensitive antigen detection

3.3.4 Potential and problems of immunological
methods in biomolecular archaeology

3.4 Studying Proteins by Proteomic
Methods

3.4.1 Various methods are used to separate
proteins prior to profiling

3.4.2 Identifying the individual proteins after
separation

4 Lipids
4.1 The Structures of Lipids
4.1.1 Many lipids are fatty acids or fatty acid
derivatives
4.1.2 Fats, oils, soaps, and waxes are derivatives
of fatty acids
4.1.3 Fatty acid derivatives are important
components of biological membranes
4.1.4 Terpenes are widespread in the natural
world
4.1.5 Sterols are derivatives of terpenes
4.1.6 Tying up the loose ends
4.2 Methods for Studying Ancient Lipids
4.2.1 Separating ancient lipids by gas
chromatography

4.2.2 Identifying ancient lipids by mass
spectrometry




4.2.3 Modifications to the basic GC-MS
methodology

5 Carbohydrates

5.1 The structure of carbohydrates
5.1.1 There are left and right handed versions of
each monosaccharide

5.1.2 Some monosaccharides also exist as ring
structures

5.1.3 Disaccharides are made by linking together
pairs of monosaccharides

5.1.4 Polysaccharides are long chain
carbohydrates

5.2 Studying starch grains

5.2.1 Starch grains are stores of energy
produced by photosynthesis

5.2.2 Starch grains can be used as biomarkers to
distinguish between different groups of plants
5.2.3 A brief word on phytoliths and fossil pollen

6 Stable Isotopes

6.1 Isotopes and isotopic fractionation
6.1.1 Isotopes are different versions of a single
element

6.1.2 Isotope fractionation can change the
relative amounts of the stable isotopes of a
particular element

6.2 Carbon and nitrogen isotope
fractionations enable past human diets to
be studied

6.2.1 Carbon fractionation in the biosphere

enables the presence of maize in the diet to be
identified




6.2.2 Carbon and nitrogen isotopes enable a
marine diet to be distinguished

6.2.3 Carbon and nitrogen isotope measurements
enable carnivores to be distinguished from
herbivores

6.2.4 Strontium and oxygen isotopes can give
information on human mobility

6.3 Practical Aspects of Stable Isotope
Studies

PART Il PRESERVATION AND
DECAY OF BIOMOLECULES IN
ARCHAEOLOGICAL SPECIMENS

7 Sources of Ancient Biomolecules

7.1 Bones and Teeth

7.1.1 The structure of living bone

7.1.2 The decay processes for bone after death
are complex

7.1.3 Methods that enable the extent of bone
diagenesis to be measured are being sought
7.1.4 Cremation, but not cooking, results in
extensive changes in bone structure

7.1.5 Bone may continue to deteriorate after
excavation

7.1.6 Teeth are more stable than bones

7.2 Vertebrate soft tissues

7.2.1 Mummification results in preservation of
soft tissues

7.2.2 Artificial mummification was not restricted
to ancient Egypt




7.2.3 Biomolecular preservation in mummified
remains

7.2.4 Bog bodies are special types of mummy
7.2.5 Hair is important in DNA and stable isotope
studies

7.2.6 Biomolecular archaeologists are becoming
increasing_interested in coprolites

7.3 Plant remains

7.3.1 Desiccated remains are most suitable for
biomolecular study

7.3.2 Some charred and waterlogged plant
remains contain ancient DNA

8 Degradation of Ancient
Biomolecules

8.1 Complications in the study of
biomolecular degradation

8.1.1 A variety of factors influence the decay of
an ancient biomolecule

8.1.2 There are limitations to the approaches
available for studying degradation

8.2 Degradation of ancient DNA

8.2.1 Hydrolysis causes breakage of
polynucleotide strands

8.2.2 Blocking lesions can arise in various ways
8.2.3 Breaks and blocking lesions have different
effects on PCR

8.2.4 Miscoding lesions result in errors in ancient
DNA sequences

8.3 Degradation of ancient proteins

8.3.1 Collagen breaks down by polypeptide
cleavage and loss of the resulting fragments




8.3.2 Much less is known about the degradation
pathways for other ancient proteins

8.3.3 Amino acid racemization is an important
accompaniment to protein degradation

8.4 Degradation of ancient lipids

8.4.1 Fats and oils degrade to glycerol and free
fatty acids

8.4.2 Decay products of cholesterol are
biomarkers for fecal material

8.5 Degradation of ancient carbohydrates
8.5.1 Enzymes that degrade starch grains are
common in the natural environment

8.5.2 Why are starch grains preserved at all?

9 The Technical Challenges of
Biomolecular Archaeology

9.1 Problems caused by modern DNA
contamination

9.1.1 There are five possible sources of DNA
contamination

9.1.2 Handling contaminates specimens with
modern human DNA

9.1.3 Methods are needed for removing or
identifying modern human DNA

9.1.4 Contamination with amplicons from
previous PCRs is a problem with all types of
archaeological specimen

9.1.5 Criteria of authenticity must be followed in
all ancient DNA research

9.2 Problems Caused by Overinterpretation
of Data

9.2.1 The “blood on stone tools” controversy
illustrates the dangers of data overinterpretation




9.2.2 “Blood on stone tools” provide lessons for
all of biomolecular archaeology

PART lll THE APPLICATIONS OF
BIOMOLECULAR ARCHAEOLOGY

10 Identifying the Sex of Human
Remains

10.1 The Archaeological Context to Human
Sex Identification

10.1.1 Various factors can result in a skewed sex
ratio

10.1.2 Sex is not the same as gender

10.1.3 Gender studies form an important part of
archaeological research

10.2 Osteological Approaches to Sex
Identification

10.2.1 Osteoarchaeology can identify the sex of
an adult skeleton

10.2.2 Osteoarchaeology is less successful with
children and fragmentary skeletons

10.3 Using DNA to Identify the Sex of
Archaeological Skeletons

10.3.1 Some DNA tests simply type the presence
or absence of the Y chromosome

10.3.2 Slightly different versions of the
amelogenin gene are present on the X andY
chromosomes

10.3.3 Other sex identification PCRs can be used
to check the results of amelogenin tests




10.3.4 DNA typing cannot always give an
accurate indication of biological sex

10.3.5 DNA tests can also be used to identify the
sex of animal remains

10.4 Examples of the Application of Sex
Identification in Biomolecular Archaeology
10.4.1 Ancient DNA can improve our
understanding of infanticide in past societies
10.4.2 Ancient DNA enables contradictions
between osteology and grave goods to be
resolved

11 Identifying the Kinship
Relationships of Human Remains

11.1 The Archaeological Context to Kinship
Studies

11.1.1 Kinship provides a sense of identity
11.1.2 Endogamy and exogamy are important
adjuncts to kinship

11.1.3 Kinship and exogamy are difficult to
discern in the archaeological record

11.2 Using DNA to Study Kinship with
Archaeological Skeletons

11.2.1 Archaeological techniques for kinship
analysis are based on genetic profiling

11.2.2 Various complications can arise when
STRs are typed in archaeological material
11.2.3 Mitochondrial DNA gives additional
information on kinship

11.3 Examples of the Application of Kinship
Analysis in Biomolecular Archaeology




11.3.1 Genetic profiling of ancient DNA was first
used to identify the Romanov skeletons

11.3.2 Mitochondrial DNA was used to link the
Romanoyv skeletons with living relatives

11.3.3 A detailed STR analysis has been carried
out with the remains of the Earls of Konigsfeld
11.3.4 Kinship analysis at a Canadian pioneer
cemetery

11.3.5 With older archaeological specimens,
kinship studies increasingly depend on
mitochondrial DNA

11.3.6 Strontium isotope analysis can contribute
to kinship studies by revealing examples of
exogamy

12 Studying the Diets of Past People

12.1 The Archaeological Approach to Diet
12.1.1 Diet can be reconstructed from animal
and plant remains

12.1.2 Examination of tooth microwear can give
an _indirect indication of diet

12.2 Studying Diet by Organic Residue
Analysis and Stable Isotope Measurements
12.2.1 Food residues can be recovered from the
remains of pottery vessels

12.2.2 Various technical challenges must be met
if residue analysis is to be successful

12.2.3 Information on diet can be obtained by
stable isotope analysis of skeletal components
12.2.4 Compound specific isotope studies extend
the range of organic residue analysis

12.3 Examples of the Use of Stable Isotope
and Residue Analysis in Studies of Past Diet




12.3.1 Diets before agriculture

12.3.2 Studying the relationship between diet
and status in past societies

12.3.3 The origins of dairying_in prehistoric
Europe

12.3.4 Detecting proteins in food residues
12.4 Using Genetics to Study Past Diets
12.4.1 The ability of humans to digest milk
evolved after the beginning of agriculture
12.4.2 Were early humans cannibals?

13 Studying the Origins and Spread
of Agriculture

13.1 Archaeological Studies of Prehistoric
Agriculture

13.1.1 Agriculture began independently in
different parts of the world

13.1.2 The transition from hunting-gathering to
agriculture was gradual rather than rapid

13.2 Biomolecular Studies of the Origins of
Domesticated Animals and Plants

13.2.1 Five subpopulations of domesticated rice
have been identified by typing short tandem
repeats

13.2.2 Rice was domesticated on multiple
occasions

13.2.3 Genetics can also reveal where rice was
domesticated

13.2.4 Cattle domestication has been studied by
typing mitochondrial DNA

13.2.5 Genetic analysis can reveal details of the
relationship between domesticated cattle and
aurochsen




13.3 Biomolecular Studies of the Spread of
Agriculture

13.3.1 The spread of farming into Europe can be
studied by human genetics

13.3.2 Stable isotope analysis suggests that
agriculture spread rapidly through Britain
13.3.3 Ancient DNA can help resolve the
trajectories for maize cultivation in South
America

13.4 Biomolecular Studies of the
Development of Agriculture

13.4.1 Ancient DNA has been used to follow the
evolution of domesticated maize

13.4.2 DNA from sediment can chart changes in
land usage over time

14 Studying Prehistoric Technology

14.1 Illlustrations of the biomolecular
approach to prehistoric technology

14.1.1 Compound specific residue analysis has
identified beeswax in Minoan lamps

14.1.2 Wood tars and pitches had widespread
uses in prehistory

14.1.3 Early agritechnology included soil
enrichment by manuring

15 Studying Disease in the Past

15.1 The Scope of Biomolecular
Paleopathology

15.1.1 Infectious diseases can be studied by
examining the biomolecular remains of the
pathogen




15.1.2 Not all infectious diseases leave a
biomolecular signature in the skeleton

15.1.3 Studies of pathogen evolution can also
address archaeological questions

15.1.4 Inherited diseases can be studied by
typing ancient human DNA

15.1.5 Ancient human DNA can indicate exposure
to an infectious disease

15.2 Biomolecular studies of ancient
tuberculosis

15.2.1 Osteology is not a precise means of
identifying tuberculosis in the archaeological
record

15.2.2 Early biomolecular studies were aimed
simply at identifying tuberculosis in
archaeological specimens

15.2.3 Biomolecular studies have detected
tuberculosis in skeletons with no bony lesions
15.2.4 Phylogenetic studies using modern DNA
have shown that M. tuberculosis is not derived
from M. bovis

15.2.5 The relationship between Old and New
World tuberculosis could be solved by
biomolecular analysis

15.2.6 Mycolic acids have also been used in
attempts to identify ancient M. tuberculosis
15.2.7 Difficulties in the study of ancient
tuberculosis

15.3 Biomolecular studies of other diseases
15.3.1 Leprosy is a second mycobacterial disease
15.3.2 Malaria has been detected in some
archaeological bones, but not in others

15.3.3 Yesinia pestis has been detected in
archaeological teeth




15.3.4 Though not archaeology, studies of the
1918 influenza virus indicate a future goal for
biomolecular paleopathology

16 Studying the Origins and
Migrations of Early Modern Humans

16.1 The Predecessors of Homo sapiens
16.1.1 Bipedalism defines the evolutionary
branch leading to humans

16.1.2 There were at least four extinct species of
Homo

16.2 The Origins of Modern Humans

16.2.1 There have been two opposing views for
the origins of modern humans

16.2.2 Molecular clocks enable the time of
divergence of ancestral sequences to be
estimated

16.2.3 The molecular clock supports the Out of
Africa hypothesis

16.2.4 Neanderthals are not the ancestors of
modern Europeans

16.2.5 It now seems likely that there were
several migrations out of Africa

16.3 The Spread of Modern Humans Out of
Africa

16.3.1 Many studies of migrations have begun
with mitochondrial DNA

16.3.2 One model holds that modern humans
initially moved rapidly along the south coast of
Asia

16.3.3 Into the New World

16.4 Studying the Complete Genome
Sequences of Prehistoric People




16.4.1 Next generation sequencing methods are
ideal for ancient DNA

16.4.2 The Neanderthal genome is being
sequenced from two 38,000-year-old females
16.4.3 The complete genome sequence of a
4000-year-old paleo-Eskimo has been obtained

Glossary
Index




Praise for Biomolecular
Archaeology

“This book is a perfect introduction into biomolecular
archaeology not only for students interested in the field but
also for experienced archaeologists, palaeontologists and
archaeobiologists who engage in interdisciplinary research
involving the analysis of biomolecules. It is written by one of
the most prominent genomic textbook authors, Terry Brown,
a pioneer in ancient DNA research and the origins of plant
domestication. In this book, his qualities as both an
excellent textbook writer as well as a brilliant molecular
biologist merge to explain even the most advanced
sequencing methods used in palaeogenomics in a way that
is understandable for non-experts. The contribution of Keri
Brown ensures that the book is relevant to researchers
working in the field. Biomolecular Archaeology makes for an
ideal manual for archaeologists and students eager to
exploit the newest scientific developments to answer typical
archaeological questions and Dbetter interpret the
information buried in the archaeological sites they are
working on.”

Eva-Maria Geigl, Université Paris Diderot
“The study of ancient and extant biomolecules has
revolutionized archaeological methodologies. This textbook
is an excellent, user-friendly introduction to biomolecular
techniques and applications for beginning students in
archaeology and physical anthropology.”

Linda Stone, Professor Emeritus of Anthropology,
Washington State University

“This is a timely and welcome contribution to the rapidly
developing field of biomolecular archaeology, covering the



basic science as well as an introduction to the applications.
It will become essential reading.”

A.M. Pollard, University of Oxford
“There are fewer and fewer areas of archaeology which are
immune to biomolecular analysis. Technological innovation
combined with a greater understanding of molecular
survival has increased reliability of analyses and
interpretation, making biomolecular research amongst the
fastest moving and most exciting areas in modern
archaeology. This book, helped by its easy and accessible
style, leads the reader in a logical progression from the
molecules themselves to their application in the study of
demography, diet, innovation and migration; it should be
recommended reading for all new students of archaeology.”

Matthew Collins, University of York
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