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The Primate Family Tree
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Hominoid Origins and Migration
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Evidence to Infer Human Migration

* Fossils (bones)

Archaeological Sites (stones=tools)

Geochronology

Radiometric Dating

Paleoclimatology

Linguistics
Genetics (DNA studies)




Humans are composed of many cell types

Fat cells

*All human cell types contain DNA except mature red blood cells

*DNA is found in the nucleus and the sub-cellular organelles called
mitochondrion

The Biology of DNA

“This structure has novel features which are of considerable biological
interest...” Watson and Crick, Nature, 25 April, 1953.
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The Biology of DNA

DNA — deoxyribo nucleic acid

A polymer of;
AorTorGorC and
a sugar (deoxyribose) and
phosphoric acid

An information carrying molecule coded in the sequence of A, T, G & C

Organisation of Human Genetic Information

A nucleotide A letter
A gene A paragraph
A chromosome One volume
A genome A set of volumes
— ~ 3.3 billion letters
— ~ 30,000 genes

— 100,000 proteins
— 46 chromosomes (23 pairs)




Organisation of Human Genetic Information
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Organisation of Human Genetic Information
Four Types of DNA?

Autosomal chromosomes ~ |

X chromosome >— Cell Nucleus

Y chromosome

Mitochondrial DNA (mtDNA)




Human Nuclear DNA

* 22 pairs of autosomal chromosomes (numbered 1 to 22)

* 1 ‘pair’ of sex chromosomes (either XX [female] or XY [male]

* Each chromosome is one long DNA molecule and genes are
functional regions of this DNA

* We have two copies of each gene on the autosomal chromosomes,
one on each of the paired chromosomes
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Inheritance of Nuclear DNA
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Inheritance of Nuclear DNA
Meiosis and Recombination

Meiosis Craughber
Reduction division in which the number Muclel i
of chromosomes per cell is cut in half D
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Diploid germ cell with
4 chromosomes
(2 pairs)
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Recombination
Physical exchange of genes resulting

7

In new combinations of DNA within Chromosomal Crossover Gametes
each chromosome (Homologous Recombination) (egg or sperm)
2 chromosomes

(no pairs)

Inheritance of Nuclear DNA
Y—Chromosome

About 58 million bp (the X-chromosome has more than 153 million GEMES  STRs
bp) e

About 86 genes (the X-chromosome has about 2,000 genes)

One gene, called SRY, triggers testis development, and hence |§ ovs1
‘maleness’ o

23 distinct proteins

Since only males contain a Y-chromosome it is Inherited through the SMCY
paternal line

It is unable to recombine with its ‘paired’ X-chromosome and therefore AZFc (
no confounding effect of gene exchange with the X-chromosome
occurs

(mp

Therefore the Y-chromosome is inherited intact over thousands of
generations




Human Mitochondrial DNA
Structure of a Mitochondrion

¢ Variable number and shape per tissue
* Similar in size to bacteria
* Double-membrane system

e “Powerhouse” of the cell by
producing ATP from food molecules

* These reactions require oxygen

- Quter membrane
T =N Inner membrane

Human Mitochondrial DNA

Function of a Mitochondrion
(Oxidation of Foods in Aerobic Cells)
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Mitochondrial DNA (mtDNA)

Composition

16,569 base pairs (bp)
Double stranded circular loop
13 protein genes

2 ribosomal RNA genes

22 transfer RNA genes
Replication control region
Function

— Genes for the synthesis of
some of the protein
components of the electron
transport chain (most
mitochondrial proteins are
encoded by nuclear genes

Replication Control Region

HRV region or D-Loop

About 1,200 bp

Controls DNA and RNA
synthesis

Accumulates point mutations
about 10x the rate for nuclear
DNA

Poor repair of mtDNA
mutations
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Inheritance of Mitochondrial DNA

Inherited through the maternal line. No sperm mitochondria enter

the egg at fertilization.

The large egg may have 100,000 mitochondria, the tiny sperm may
have 50-100 concentrated in the base of the tail.

Therefore, like the Y-chromosome, mtDNA is inherited intact over

thousands of generations
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Summary of Autosomal Chromosome Inheritance
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Summary of Y-Chromosome and mtDNA Inheritance
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Working With DNA

Isolation
— Source

Purification

— Contamination

Amplification
— Polymerase Chain Reaction (PCR)

Sequencing
— Automated Dideoxy Sequencing

Working With DNA

e |solation
— Buccal swab

— Bones

— Teeth




Working With DNA

e Purification

— Contamination

Working With DNA

e Amplification
— Polymerase Chain Reaction
(PCR)Multiplication of a targeted segment of DNA

dth cvele
wanted gene — <—_ 5 2 )
<3.h yele T —— Exponential amplificati
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e lsteyele - = 35th cyele
template DNA < —— L af—
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4 copics Beopies 16 copies 32 copies 2" =68 billion copics
(Andy Vierstraete 1999)




Working With DNA

e Amplification

— Polymerase Chain Reaction (PCR)

Mitochondrial Control Region

LEFT 154 CONTROL
FRIMER m"? Ei' REGION RESULTS OF

/1210 bp GEL ELECTROPHORESIS

16,411
RIGHT
PRIMER

Mitochondrial
Genome
(16,569 bp)

Working With DNA

* Sequencing

— Automated Dideoxysequencing
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Working With DNA

e Alignment (or spotting the differences)

Can you find the mutation? Overlay the original genetic sequence with its copy.

A TLGGAGAAGGTGAAGGGTCTGETGAAGCCGLGGLCGACGCCGCAGCAGL A
TGLGCAGCGCAAGCTCCGCAACGAGTGLCGCGTCCTCGACCGCCAGATCC
AGLGAGGAGAAGAACGTGGAGAAGTCTATCAGGGAGGCTGCAAAGCGE
ATCCGLCAAAGGCTCTTGCTAAGGAACTAGTGAGGTCAAGACGTGCTGTT,
B TGAAAACAAGGCTCAACTAAATICAGTATCAATGCATCTIGGAGAAATT|
AAGAACTGTCGGTCATCTGTCAAAAAGTGCTGAAGTTATGAAAATCGTT,

GAAAGCTCCAGAATTGLCTGCCACCATGCAAGAATTTAGTGAAGAAATG
GTGTGATGGAAGAGATGGTCAACGATGCAGTIGATICAGCTITGGACTC
GAGGAGGAAATTGAAGAGGAGGTTGACAAGGTTCTTGCTTCAGTAGCT(
CTCACAGCTACCCGATGLTGTGAGGAAACAGAGGATAAACCAAGCTTCA
STCCCAGAAGAGCGACAAGCTGTIGCTGAGGGCGCTGATGATGATGAGG A

ATGGAGAAGGTGAAGGGTCTGCTGAAGCCGCGGCCGACGCCGCAGCAGE A
GTGGCAGCGCAAGCTCCGCAACGAGTGLCGLOGTCCTCGACCGCCAGATCCE
GAGGGAGGAGAAGAACGTGLAGAAGTCTATCAGGGAGGCTGCAAAGLCGE
GATCCGCAAAGGCTCTIGCTAAGGAACTAGTGAGGTCAAGACGTGCTGTT,
ATGAAAACAAGGCTCAACTAAATTCAGTATCAATGCATCTTGGAGAARATT COPIED
CAAGAACTGTCGGTCATCTGTCAAAAAGTGCTGAAGTTATGAAAATCGTT SNSEQUENEE
TGAAAGCTCCAGAATTGGLCTGCCACCATGCAAGAATTITAGTAAAGAAATG
GLTGTGATGGAAGAGATGLGTCAACGATGCAGTTGATTICAGCTTTGGACTC]
LLAGGAGGAAATTGAAGAGGAGGTTGACAAGGTTCTIGCTTCAGTAGCTEG
CCTCACAGCTACCCGATGLTGTGAGGAAACAGAGGATAAACCAAGCTICA
CTCCCAGAAGAGLGACAAGCTGTIGLTGAGGLGCGCTGATGATGATGAGG A

Working With DNA

e Alignment (or spotting the differences)

Now that the

q are aligned, can you click the letter that's different?

A TGGAGAAGGTGAAGGGTCTGCTGAAGCCGCGGCCGACGCCGCAGCAGLA
TGLGCAGCGCAAGCTCCGCAACGAGTGCCGLGTCCTCGACCGCCAGATC LY
AGLGAGGAGAAGAACGTGGAGAAGTCTATCAGGGAGGCTGCAAAGCGE
ATCCGCAAAGGCTCTIGCTAAGGAACTAGTGAGGTCAAGACGTGCTGTT,
ATGAAAACAAGGCTCAACTAAATICAGTATCAATGCATCTTIGGAGAAATT|
AAGAACTGTCGGTCATCTGTCAAAAAGTGLTGAAGTTATGAAAATCGTT,

GAAAGCTCCAGAATIGGCTGCCACCATGCAAGAATTITAGTEBAAGAAATG
GTGTGATGGAAGAGATGGTCAACGATGCAGTTGATTCAGCTTTGGACTC

CTCACAGCTACCCGATGCTGTGAGGAAACAGAGGATAAACCAAGCTTCA
TCCCAGAAGAGLGALAAGE TG T TG TGAGGGEGETGATGATGATLAGG A




Working With DNA
e Alignment (or spotting the differences)

Congratulations! You found the mutation. There are about
50 random single point changes that distinguish a child's -
DNA from his or her parents'DNA. AGTGAAG Original

RESET AGTARAG  Copy

A TGGAGAAGGTGAAGGGTCTGCTGAAGCCGLGGLCGACGLCLCAGCAGL A
TLGLGCAGCGCAAGCTCCGCAACGAGTGCCGCGTCCTCGACCGCCAGATCL
AGGGAGGAGAAGAACGTGGAGAAGTCTATCAGGGAGGCTECAAAGCGL
ATCCGCAAAGGCTCTTIGCTAAGGAACTAGTGAGGTCAAGALGTGCTGTT,

GTGTGATGLAAGAGATGGTCAACGATGCAGTTGATTCAGCTTTGGACTLC
GAGGAGGAAATTGAAGAGGAGGTIGACAAGGTICTIGCTICAGTAGCT(
CTCACAGLCTACCCGATGLCTGTGAGGAAACAGAGGATAAACCAAGCTTCA
STCCCAGAAGAGCGACAAGCTGTIGCTGAGGGEGETGATGATGATGAGG A

Working With DNA

* Analysis of Data
— Computer Algorithms
— Statistical analysis
— Phylogenetic trees




DNA Mutations and Molecular Markers

Mutations
— Changes in genetic sequence
— Causes

¢ Radiation, mutagenic chemicals, etc
e Errors that occur during meiosis or DNA replication

— Inherited if they occur in the germ line (gametes)

Molecular Markers

— A DNA sequence with a known location on a chromosome (or mtDNA)
that can be used to identify individuals or species.
— Many types
* SNP (Single Nucleotide Polymorphism)
¢ VNTR (Variable Number of Tandem Repeats)
¢ SSR (Simple Sequence Repeats)
— Passed on from generation to generation

The Inheritance of Genetic Markers
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After six generations, there are six surviving combinations of
markers (called haplotypes) descended from one ancestor.
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Illustration of Genetic Drift of a Y-Chromosome
Marker
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The Molecular Clock and Anthropology

Oldest intact DNA yet isolated dates back only about 40,000 years

DNA of any individual bears the accumulated genetic history of its
species
Common ancestor

— Accumulation of a unique set of random DNA mutations in each branch

— Assumes mutations accumulate at a constant rate (debated and differs
between autosomal, Y- and mitochondrial DNA)

— Number of mutations is proportional to the length of time that the two
groups have been separated

— Atime scale is attached by linking an event that has been independently
established by anatomical, anthropological, or geochronological data, eg.
humans and chimps (5 to 6 million years ago)




Where Did H. sapiens Arise?

e Two hypotheses:

— Multiregional continuity model

— African emergence model

* Both attempt to address both biochemical and fossil

evidence
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Where Did H. sapiens Arise?
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Where Did H. sapiens Arise?

* Africa appears to be the cradle of human evolution

* No human fossils older than 1.8 million years exist

anywhere but Africa
e Mitochondrial Eve about 150,000 years ago in East Africa

¢ Y-Chromosome Adam about 70,000 years ago in East Africa

The Puzzle of the Pacific

Population Movements in Polynesia

West to East or East to West?

Archaeology, language,
domesticated animals and plants

Kon-Tiki, 1947 R T W e o N s

mtDNA, 1990s

AUSTRALIA

||| Conclusion:

Based on mtDNA, the movement of peoples was from West
to East with a possible origin in Taiwan, but....?




Neanderthal Man

Neanderthals (H. neaderthalensis)
ca. 200,000 to 20,000 years ago

Germany’s Neader Valley
Culturally advanced?
Stone tools

Buried dead

Supplanted or assimilated by modern
humans?

Neanderthal Man

Pairwise nucleotide base comparisons between modern human, Neanderthal and

chimpanzee mitochondrial DNA
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Green: human/human comparisons; Red: human/N’tal comparisons; Blue: human/chimp comparisons

Conclusions:

* Neanderthal mtDNA falls outside the variation of extant human mtDNAs

*Neanderthals as a species distinct from humans (Homo neanderthalensis)

« Strongly suggests that Neanderthals and modern humans did not form part of a single large
interbreeding population (although it does not prove the absence of admixture of autosomal

DNA

* Estimated divergence date between the two mtDNA lineages of 660,00 * 140,000 years




Y Haplogroups of the World
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Simplified Tree of Y-Chromosome Haplogroups
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Y-Chromosome Human Migration

Y-DNA Human Migration (Haplogroups)
Thewsands of Years Ago
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mtDNA Haplogroups of the World

MTDNA Haplogroups
of the Warld
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Simplified Tree of Mitochondrial Haplogroups
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Note that unlike the Y-Chromasome Haplagroups, the anes for the Mitochondrial DNA
are not related in & simple way to alphabetical arder. This is due to the historical nature
of their definition. The Native American groups A, B, C, and D were put logether
alphabetically. They are, as seen above, not closely related in the tree. M, N, and R are
called “Superhaplogroups” as indicated. Nots that M and N are in fact somewhat
heterogeneous.




The Seven Daughters of Eve
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World mtDNA Clans and Where They are Found
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MtDNA Human Migration

mt-DNA Human Migration
Thausands of Years Ago
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Mitochondrial Eve/Y-Chromosome Adam
Biblical Eve/Biblical Adam
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Thank you for your attention

Questions?




