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Two subspecies of orangutan in Borneo and 
Sumatra

one species

two subspecies

two species



We areWe are  
different, and 
our physical 
diffdifferences 
tell us 
somethingsomething 
about a 
person’s 

i iorigin



But (1) the human geographic population structure is complex, 



and (2) each human community harbors extensive 
morphological differencesmorphological differences



Analyses of morphological traits led to inconsistent y p g
lists of races

Linnaeus (1758) 4 (europeus, asiaticus, afer, americanus) [+2]
Blumenbach (1795) 5 (same, + australianus)Blumenbach (1795) 5 (same,  australianus)
Cuvier (1828) 3 (caucasoid, negroid, mongoloid)
Huxley (1875) 4 (mongoloid, xanthocroid, australoid, negroid)
Deniker (1900) 29Deniker (1900) 29
Weinert (1935) 17
Von Eickstedt (1937) 38
M f N t Hi t Chi (1933) 107Museum of Nat. Hist. Chicago (1933) 107
Coon (1967) 5 (negroid, capoid, caucasoid, mongoloid, australoid)
Risch (2002) 5 (different in different articles)

According to Molnar (1975) 20th century lists include from 3 to 200 items



An alternative scientific paradigm emerges

Current Anthropology, Vol. 3, pp. 279-281 



The trouble with morphological traits

Skin color

Variation is continuous
d di d t It iand discordant. It is 

possible to cluster people 
one the basis of any trait, y ,
but the resulting 
classification does not 
allow one to predict

Stature
allow one to predict 
clustering for other traits



G ti i ithi d b tGenetic variances within and between 
populationsPopulation 1               Population 2         variance between pops.

100%

0%

19%



Independent studies of genetic variances yield very 
i il lt 85 5 10similar results: 85, 5, 10

Lewontin (1972) 17 loci 85% 8% 6%
Latter (1973) 18 86% 5% 9%Latter (1973) 18 86% 5% 9%
Barbujani et al. (1997) 109 85% 5%      10%
Jorde et al. (2000) 100 85% 2%      13%
R ldi t l (2002) 32 83% 8% 9%Romualdi et al. (2002)  32 83% 8% 9%
Rosenberg et al. (2002)              377 93% 3%        4%
Excoffier & Hamilton (2003) 377   88% 3% 9%
Ramachandran et al. (2005) 17 90% 5% 5%
Bastos-Rodriguez et al. (2006)     40 86% 2% 12%
Li et al. (2008)                      650 000 89% 2% 9%( )

MEDIANA 85% 5% 10%

within populations

between populationsbetween populations

between races or continents



What does it mean, in practice?

100%100%

85%85%

100%100%
85%

Members of our community are only slightly less different from us thanMembers of our community are only slightly less different from us than 
members of distant populations



Mind the numbersMind the numbers
Humans and chimps share >98% of their genomes

Among the 1.8% differences, 1.7% are fixed differences 
within species

The remaining fraction, 0.1%, contains all human genomic 
variationvariation

The differences among the main continental groups representThe differences among the main continental groups represent 
10% of 0.1% of the total, that is, 0.01%

But 0.1% of >3 billion DNA sites means >3 million variable 
DNA sites (3,213,401 according to Levy et al. 2007)( g y )



Genes, as well as morphology, suggest 
inconsistent clusterings of genotypesinconsistent clusterings of genotypes

Asia, 
Europe

Melanesia
E iEurope, 
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Americas
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The trouble with genetic traits

NAT2 acetylator

MCPH D h l

Variation is continuous
d di d t It i

MCPH D-haplogroup

and discordant. It is 
possible to cluster people 
one the basis of any trait, y ,
but the resulting 
classification does not 
allow one to predictallow one to predict 
clustering for other traits



Less than 8% of the alleles are continent-specific, 
d th h lf f th Af iand more than half of these are African

Rosenberg et al. 
(2002)



Our genomes are either 
AsiaEurope

specifically African or 
generically human2% 2% g y

51%

26%

Africa



G i di iGenetic diversity 
out of Africa is 

often a subset otoften a subset ot 
the African genetic 

diversitydiversity
Tishkoff et al. (1998)



A pointillist representation of human demographic history 

More than 60 000More than 60,000 
years ago

© 1999 Kenneth K Kidd, Yale University 



A pointillist representation of human demographic history

H i iHomo sapiens sapiens
emerges from Africa

56,000 – 51,000 years ago

© 1999 Kenneth K Kidd, Yale University



A pointillist representation of human demographic history

Homo sapiens sapiens
colonizes Eurasia
40,000 years ago

© 1999 Kenneth K Kidd, Yale University



An application: Pharmacogenomics

Genetic polymorphisms affect drug response

An application:  Pharmacogenomics

Same diagnosis and treatment

Genetic polymorphisms affect drug response

g

Little or no response Side effects or toxicity
Good responseGood response 



Classes of genes causing 

DME genes

variation in drug response
DME genes 
(Drug-Metabolising Enzymes)

Target genes

Transporter genes



Metabolic rate CYP2D6Metabolic rate – CYP2D6

N of individuals

Chinese
S dSwedes

Slow          Normal      Rapid

Amount of metabolite 
in urine

S o o a ap d

Populations differ as for allele frequencies, but the whole 
spectrum of phenotypes is generally present in each of themspectrum of phenotypes is generally present in each of them



Charles Darwin wasCharles Darwin was 
aware of these difficulties

“But the most weighty of all the arguments against treating the races of 
man as distinct species, is that they graduate into each other, p , y g ,
independently in many cases, as far as we can judge, of their having 
intercrossed. Man has been studied more carefully than any other 
animal and yet there is the greatest possible diversity amongst capableanimal, and yet there is the greatest possible diversity amongst capable 
judges whether he should be classed as a single species or race, or as 
two (Virey), as three (Jacquinot), as four (Kant), five (Blumenbach), six 
(Buffon) seven (Hunter) eight (Agassiz) eleven (Pickering) fifteen(Buffon), seven (Hunter), eight (Agassiz), eleven (Pickering), fifteen 
(Bory de St-Vincent), sixteen (Desmoulins), twenty-two (Morton), sixty 
(Crawfurd), or as sixty-three, according to Burke.”

The descent of man, and selection in relation to sex, 1871, 7th chapter.



1. Estimating variances from sequence g q
comparisons

-TACGAACATCAGGC-
TATGAACATCAGGC-TATGAACATCAGGC-

-TATGAACATCGGGC-

Polymorphic DNA sites


