
Portrait of Human 

Genome Diversity

Sérgio Pena

sdpena@gmail.com

Molecular Portrait of 

Brazilians





I am a member of a fragile species, still 

new to the Earth, the youngest creatures 

of any scale, here only a few moments as 

evolutionary time is measured, a juvenile 

species, a child of a species. [...] 

This is a very big place, and I do not 

know how it works, nor how I fit in.

Lewis Thomas, The Fragile Species



D'où venons-nous? Qui sommes-nous? Où allons-nous?

Paul Gauguin, 1897



• Humans as members of typological races

(pre-Genetics)

• Humans as members of populations

(pre-DNA)

• Humans as individual members of 

genealogies

(Genomic Era)

The Evolution of Human Diversity



Division of humanity in 

individuals belonging to 

genealogies

A new paradigm:



Three major developments that 

occured in the Genome Era

• Characterization of the recent unique 

origin of modern humans in Africa

• Characterization of human genomic 

individuality at the DNA level

• Characterization of the genealogical 

structure of humanity



Modern humanity had a single 

origin in Africa, less than 

200,000 years before present



Aproximately 60,000 years ago, modern humanity left 

Africa and occupied all other continentes





In this migratory process 

humanity diversified through the 

ocurrence of new mutations and 

adaptations to the diverse 

continental environments. 

How important was such 

differenciation? 





Partition of Variability





1064 indivíduals from 55 populations – 40 indels



These and many other studies 

have shown that, from the 

biological perspective, a 

significant differentiation of 

human groups did not occur. 

The corollary to this conclusion is 

that from a scientific standpoint 

human races do not exist. 



The biological 

inexistence of human 

races is not related tothe 

fact that we are all 

equal, but to the fact 

that we are all equally 

diferent



Racialization of 

Human  Diversity



Homo sapiens, celebrating their diversity



16th Century

Transatlantic slave trade

Races were invented!





Genesis 9:20-25 tells us, "Noah, a 

man of the soil, proceeded to plant a 

vineyard. When he drank some of its 

wine, he became drunk and lay 

uncovered inside his tent. Ham, the 

father of Canaan, saw his father's 

nakedness and told his two brothers 

outside. But Shem and Japheth took a 

garment and laid it across their 

shoulders; then they walked in 

backward and covered their father's 

nakedness. Their faces were turned 

the other way so that they would not 

see their father's nakedness. When 

Noah awoke from his wine and found 

out what his youngest son had done 

to him, he said, ‘Cursed be Canaan! 

The lowest of slaves will he be to his 

brothers.’"





Craniometry

81% Within

Populations

Skin color

88% Among

Continents



These continental variation of skin 

pigmentation and morphological 

characteristics represent evolutionary 

adaptations to the local geographical 

environment.  



Jablonski & Chaplin, 2002





Nature, 2014



The human genome has approximately 20 

thousand genes.

Probably less than 20 of these genes are related 

with the determination of skin color.

.The color of the skin is not genetically associated 

with any intellectual, physical and emotional 

ability. Thus, arguments used by racists do not 

have any scientific value.

The small number of genes associated with skin 

color makes it possible for close relatives, even 

brothers and sisters, to differ significantly in skin 

pigmentation, although they may have identical 

levels of African ancestry





Besides, skin pigmentation 

has complex polygenic 

genetic inheritance, is 

susceptible to important 

influences of the 

environment and its 

classification depends on 

subjective evaluation.



Veja 3/7/2007



All racial question is 

literally skin deep



Aproximately 60,000 years ago, modern humanity left 

Africa and occupied all other continentes



Founder effect





Serial founder effects





Three major developments that 

occured in the Genome Era

• Characterization of the recent unique 

origin of modern humans in Africa

• Characterization of human genomic 

individuality at the DNA level

• Characterization of the genealogical 

structure of humanity







Vantagens da 

PCR
•Simples

•Altamente 

sensível





ALF10



Probability of Identity of Multiplex ALF10



Multiplex PCR Systems 



Insertion-Deletion

Polymorphisms

(Indels)





Probability of Genetic Identity

40 Indels

Brazilian population

5.07-17

(0.000000000000000051)









Rio de Janeiro

0.377 0.533 0.0900.622 0.277 0.101

0.818 0.085 0.097



Rio de JaneiroSão Paulo

0.373 0.497 0.129 0.377 0.533 0.090



Minas Gerais

North Northeast South

0.784 0.102 0.114 0.818 0.085 0.097 0.713 0.127 0.159

0.748 0.117 0.134 0.711 0.147 0.142 0.824 0.089 0.087

São Paulo Rio de Janeiro



Three major developments that 

occured in the Genome Era

• Characterization of the recent unique 

origin of modern humans in Africa

• Characterization of human genomic 

individuality at the DNA level

• Characterization of the genealogical 

structure of humanity





40  212

30  29

20  26

.......

.......

5 32

4 16

3   8

2   4

1   2



Time of the Common Ancestor of a Group of N People

Tn = log2 N

log2(7,000,000,000) = 32.7 generations

32.7 X 30 = 981 years before present

Population ~ 67,000,000

log2(67,000,000) = 26 generations

26 X 30 = 780 years before present

Charlemagne (742-814) = 1,217 ybp



Time of the Identical Ancestor point of all of N People

Un = 1.77 log2 N

1.77 log2(7.000.000.000) = 57.9 generations

57.9 X 30 = 1,737 years before present

Population ~ 67,000,000

1.77 log2(67,000,000) = 46 generations

46 X 30 = 1,380 years before present

Charlemagne (742-814) = 1,239 ybp

Clovis I (466-511) = 1,528 ybp



Tn = 2,300 Years

Un = 5,000 Years

Tn = 76 generations (~2,300 ybp; ~ 300 BC)

Alexander the Great (356-323 BC)

Un = 169 generations (~5,000 ybp; ~ 3,000 BC)



TYAN Gathering =

Family Gathering



Modelo

“Todos diferentes,

Todos parentes”

A humanidade como uma 

grande família



Division of humanity in 

individuals belonging to 

genealogies

“All relatives, all equallydiferent”

A new paradigm



Thus, the only scientifically 

acceptable way to segment 

humankind is in seven billion 

individuals, each one possessing 

an unique genome and a singular 

life story.



This paradigma is in complete 

agrément with the idea that human 

rights apply to individuals, and not to 

groups. 

“At the heart of the Constitution's 

guarantee of equal protection lies the 

simple command that the Government must 

treat citizens ''as individuals, not 'as simply 

components of a racial, religious, sexual or 

national class”

Justice Sandra Day O’Connor



Madness is rare in individuals -

but in groups, parties, nations, 

and ages it is the rule.

Friedrich Nietzsche

Beyond Good and Evil



• This paradigma makes 

sense under the light of 

evolutionary history 

• In this perspective group 

concepts, such as “races” 

lose meaning and evanesce. 





The paradigm that emphasizes the 

singularity of the individual is the 

only one that does not limit a 

plural definition of personal 

identity by the group imposition of 

single unidimensional major 

criteria



João Passarinheiro



Deposition of the bird salesman to the 

police

Asked about his race, he answered:

- I am my own race, João Passarinheiro.

When asked to explain, he added:

- My race is myself. Each person is an 

individual humanity. Each one is a race, 

mister policeman...



Witch-Craze - Europe 16th and 17th Centuries



Witch-Craze - Europe 16th and 17th Centuries





Hugh Trevor-Roper

The decline in prosecution of witches was 

caused in great part by the scientific 

revolution of the 17th Century, which 

made impossible the continuity of the 

belief in witchcraft.

Royal Society – founded in 1660

Science as “candle in the dark”

Carl Sagan



We should create a raceless 

society, in which the 

uniqueness of the 

individual is valued and 

celebrated.



“There are those that look at things the 

way they are, and ask why? I dream of 

things that never were, and ask why not?”

Robert Kennedy



The end



Thus, the only possible 

basis to deal with genetic 

variation in Brazilians is on 

a person-by-person basis, 

as 185 million different 

individuals, unique in their 

genomes and in their

life histories



934 Brasileiros















Ancestralidade de 934 brasileiros

Ordem aleatória

Ancestralidade          Ancestralidade         Ancestralidade

europeia                     africana                    ameríndia



934 brasileiros

Ordem decrescente de ancestralidade europeia

Ancestralidade          Ancestralidade         Ancestralidade

europeia                     africana                    ameríndia



O IBGE nos seus censos não 

computa ancestralidade. Ele usa 

somente auto-classificação impondo 

um pequeno número de categorias 

de cor de pele.

As categorias de cor branca. parda e 

preta são responsáveis por mais de 

99% da população brasileira.



934 brasileiros

Ordem decrescente de ancestralidade europeia

Brancos                   Pardos                    Pretos

Ancestralidade          Ancestralidade         Ancestralidade

europeia                     africana                    ameríndia



934 brasileiros

Ordem aleatória

Ancestralidade          Ancestralidade         Ancestralidade

europeia                     africana                    ameríndia

Brancos                   Pardos                    Pretos



Conclusões
• Cada brasileiro tem uma proporção singular de 

ancestralidade europeia. ameríndia e africana.

• A relação entre cor de pele e ancestralidade no 

Brasil é tênue.

• Nas várias regiões do Brasil. cores de pele 

possuem significados diversos. 

• A única divisão biologicamente coerente dos 

brasileiros é em 190 milhões de pessoas. 

• Cientificamente não se justifica a segmentação 

dos brasileiros em grupos de cor de pele para 

tratamento diferencial pela lei.



• Independente da cor de sua pele a vasta 

maioria dos brasileiros tem um grau 

significativo de ancestralidade africana

• Independente da cor de sua pele a vasta 

maioria dos brasileiros tem um grau 

significativo de ancestralidade européia

• Independente da cor de sua pele uma grande 

porção dos brasileiros tem um grau 

significativo de ancestralidade ameríndia



Não faz sentido falar sobre “populações” 

de brasileiros brancos ou de brasileiros 

negros por causa da pobre correlação 

entre cor e ancestralidade

Também não faz sentido falar em 

afrodescendentes ou eurodescendentes 

porque a vasta maioria dos brasileiros  

tem uma proporção significativa de 

ancestralidade africana e européia 

(e ameríndia)



Assim, a única maneira de 

lidar com a variabilidade 

genética dos brasileiros é 

individualmente, como 

seres humanos únicos e 

singulares nos seus 

genomas e nas suas 

histórias de vida



Plus: Juliana Pimenta – Luciana Bastos-Rodrigues – Simone Santos

Vanessa Gonçalves – Fernanda Kehdy – Higgor Dornelas –

Clarice Racioppi – Maria Cátira Bortolini – Guilherme Suarez-Kurtz –

Sergio Bydlowski



The End





MDS



Conclusões Parciais

 Os INDELs selecionados foram capazes de diferenciar as 3

populações parentais (PCA e STRUCTURE)

 As populações de pretos de SP se mostraram mais

miscigenadas que a população de brancos (PCA. ADMIX e

STRUCTURE)

 Os cromossomos dos brasileiros são verdadeiros mosaicos

constituídos de fragmentos de diferentes origens ancestrais.

 A miscigenação ocorre não apenas a nível individual. mas

também a nível cromossômico e que nossos cromossomos são

constituídos de fragmentos com diferentes genealogias
















