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Historical landmarks(1/2)

� 1859 - Charles Robert Darwin: On the origin of species

� 1866 - Gregor Johann Mendel: Experiments on Plant 
Hybridization

� 1905 – William Bateson: Coin the term “genetics”� 1905 – William Bateson: Coin the term “genetics”

� 1910 - Thomas Hunt Morgan: Genes are on 
chromosomes

� 1944 - Oswald Theodore Avery, Colin McLeod and 
Maclyn McCarty - identified the DNA molecule



“I think”
Darwin's first 
diagram of an 
evolutionary tree 
from his 'First 
Notebook on 
Transmutation of Transmutation of 
Species' (1837)."



Hominini Tribe

Kingdom: Animalia

Phylum: Chordata

Class: Mammalia

Order: Primates

Family: Hominidae

Subfamily: Homininae

Tribe: Hominini

Genus: Homo

Species: H. sapiens



Homo Genus



Historical landmarks(2/2)

� 1953 –Rosalind Franklin, James D. Watson, Fancis
Crick: the double helix

� 1977 – Frederick Sanger: DNA sequencing

� 1983 – Kary Banks Mullis: Polymerase Chain Reaction� 1983 – Kary Banks Mullis: Polymerase Chain Reaction

� 2003 – Human Genome Project and Celera Genomics: 
the human genome

� 2005 – HapMap project

� 2008 - 1000 Genomes Project



Human Genome Project
� A 13 years old project completed in 2003:

� identify all the 20,000-25,000 human genes 

� determine the sequences of human DNA

� store this information in databases,� store this information in databases,

� improve tools for data analysis

� transfer related technologies to the private sector

� address the ethical, legal, and social issues

� 200 separate principal investigators for 18 countries

� Reported to have cost $3 billion



HapMap project
• DNA sequences differ in every 1,200 
base pairs

• Approximately 10 million SNPs 
estimated to occur commonly in the 
human genome

• The number of tag SNPs are only 
600,000 bp600,000 bp

•Genotype only these SNPs to locate 
genes involved in medically 
important traits.



1,000 Genomes Project



Publication rate



mtDNA – The first steps
RFLP based analysis



African Eve

Mitochondrial DNAs from 147 people, 

Mitochondrial DNA and human 

evolution
Rebecca L. Cann*, Mark Stoneking & Allan C. Wilson
Department of Biochemistry, University of California, Berkeley, California 94720, USA
* Present address: Department of Genetics, University of Hawaii, Honolulu, Hawaii 96822.

Nature 325, 31 - 36 (01 January 1987) 

Mitochondrial DNAs from 147 people, 
drawn from five geographic populations 
have been analysed by restriction 
mapping. All these mitochondrial DNAs 
stem from one woman who is postulated 
to have lived about 200,000 years ago, 
probably in Africa. All the populations 
examined except the African population 
have multiple origins, implying that 
each area was colonised repeatedly.



Using the HVSI



Complete mtDNA sequences



Pygmies and Bantus



The Root Position
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Revising the terms

Haplotype

Root, 
Clade, 
haplogroup

Stem



Refining H4



Phylogenetic tree of Homo complete 
mtDNAs 

J Krause et al. Nature 464, 894-897 (2010)



NRY – The first steps



Adam



Ancestry at the population level
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Ancestry at the population level
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Ancestry at the population level
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Admixture analysis
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Principal Components Analysis 

East Asia
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North 
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MDS of a matrix containing pairwise distances (1-IBS) between individuals  
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MDS of a matrix containing pairwise distances (1-IBS) between individuals  
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The Cape Mixed Ancestry population

� Commonly self identified as South African “Cape 
Coloured”

� Established later than 1652

� Make up 9% of the South African population� Make up 9% of the South African population

� Historical records suggest the fusion of indigenous 
Khoi and San, tribal Bantu-speaking populations, 
European settlers and slaves’ descendants from Java, 
India, Mozambique and Madagascar
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Cape, Biparental level
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Cape, Uniparental level
Maternal Ancestry Sexual asymmetry
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Biparental vs Uniparental
� Biparental markers contain far larger amount of 

variation as well as larger population effective size

� Uniparental markers contain far less amount of 
variation but are superior with respect to the ability to:variation but are superior with respect to the ability to:

� draw solid hierarchical phylogenies.

� trace migrations patterns

� estimate coalescence and expansion ages

� infer sexually asymmetric parental demographic 
histories 
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What have we achieved?

Critical 
mass of 

uniparental
and 

biparental
markers

Critical 
mass of 
samples

A 
combined 

NRY, 
mtDNA 

and 
autosomal
approach

The “big 
picture” is 
resolved 

Now we 
need the 
details!



The Human Genome Promise
� Molecular medicine 
� Energy sources and 

environmental 
applications 

� Risk assessment 

Molecular Medicine
� Improved diagnosis of 

disease 
� Earlier detection of genetic 

predispositions to disease� Risk assessment 
� Bioarchaeology, 

anthropology, evolution, 
and human migration 

� DNA forensics 
(identification) 

� Agriculture, livestock 
breeding, and 
bioprocessing

predispositions to disease
� Rational drug design 
� Gene therapy and control 

systems for drugs 
� Pharmacogenomics

"custom drugs" 



The Race
� The Archon X Prize for Genomics:

The $10 million prize (US), donated by diamond 
prospector Stewart Blusson, is to be awarded to "the 
first Team that can build a device and use it to first Team that can build a device and use it to 
sequence 100 human genomes within 10 days or less, 
with an accuracy of no more than one error in every 
100,000 bases sequenced, with sequences accurately 
covering at least 98% of the genome, and at a 
recurring cost of no more than $10,000 (US) per 
genome."



Answering the challenge
� Illumina

� Sequenom

� 454 Life Sciences

Pacific Biosciences

� Halcyon Molecular

� IBM

� GE Global

� Pacific Biosciences

� Intelligent Bio-Systems

� Genome Corp

� ION Torrent Systems

� Helicos Biosciences

� Compete genomics



Sequencing
Conventional Next generation

� Sanger based technology

� A 30 years old monopoly

� 600-1000 bp per read

� Reaction time is a few hours

� Developed in 2005 by 454 
Life Sciences

� A throughput equivalent to 
50 Applied Biosystem's
3730XL capillary sequencers 

� Reaction time is a few hours

� 10,000,000 reactions to 
sequence the genome

3730XL capillary sequencers 
at about one-sixth of the cost



Full Genome Sequencing prices
� Conventional sequencing - $10M

� January 2009, Knome complete.Com - $68,500

� June 2009,Illumina - $48,000

August 2009, Helicos - <$50,000� August 2009, Helicos - <$50,000

� November 2009, Complete Genomics - $1,700



Claims
� April 2009, Complete Genomics: “plan to be able to sequence one million full 

genomes per year by 2013”

� June 2009, Illumina: “during the next five years, perhaps markedly sooner, the 
price point for full genome sequencing will fall from $48,000 to under $1,000”.

� August 2009, Pacific Biosciences: “will sequence 10,000 full genomes by the � August 2009, Pacific Biosciences: “will sequence 10,000 full genomes by the 
end of 2010”.

� August 2009, GE Global Research: “is also now in the race to commercialize full 
genome sequencing as they are currently working on creating a service that will 
deliver a full genome for $1,000 or less”.

� September 2009, Halcyon Molecular: “will be able to provide full genome 
sequencing in under 10 minutes for less than $100 per genome”.

� October 2009, IBM: “they were also in the heated race to provide full genome 
sequencing for under $1,000, with their ultimate goal being able to provide 
their service for $100 per genome”.



Common Uses of DNA Products
� Ancestry:

� Parental tracing: Anthropological, Genealogical

� Admixture analysis

� Forensic:� Forensic:
� Paternity testing

� Direct identification of a subject

� Predicting traits

� Personalized Medicine:
� Mendelian disorders

� Strong traits

� Weak associated traits



The Changed Paradigm
Healthcare providers Direct-to-consumer

� Mendelian disorders

� Paternity testing

� Direct identification of a 

� Paternal tracing

� Admixture analysis

� Weak associated traits� Direct identification of a 
subject

� Weak associated traits

� Strong traits

� Mendelian disorders

� Paternity testing



The major players
Industry Institutional

� Elimination of technological 
barriers

� Towards a $1,000 personal full 

� Ethical, Legal and Social 
issues are under debate

� Minimal penetration of the � Towards a $1,000 personal full 
genome sequence

� A thriving direct-to-
consumer market

� Minimal penetration of the 
knowledge to clinical 
standards  of care

� No appropriate education of 
healthcare providers

� Bioinformatics tools are 
lacking



Conclusions
� It is possible that in this decade it will be easier, 

cheaper, more accurate and more informative to 
genotype genes over specific mutations.

� It is likely that the goal of $1,000 per full genome � It is likely that the goal of $1,000 per full genome 
sequence will be met in this decade.

� The ethical, legal and social issues allowing the 
transfer of the information to the public will be 
clarified, legislated and approved. 




