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• Archeogenetica (Renfrew 2010)  

– Applicazione delle tecniche molecolari e filogenetiche per 
lo studio dell’origine dell’Uomo e dei processi genetici e 
demografici che hanno portato alle popolazioni moderne 

 

• Strumenti d’indagine 

– Marcatori uniparentali: DNA mitocondriale e cromosoma Y 

 

• Approccio Filogeografico 

1. Costruzione albero filogenetico 

2. Distribuzione geografiche delle linee (rami dell’albero) 

3. Stima temporale dell’età di ciascuna linea 



The human genome 
23 chromosome pairs + mtDNA 

(“completely” sequenced in 2001) 
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(completely sequenced in 1981) 

Y-Chromosome 
(54 Mb in humans) 

Uniparental genetic systems 

in mammals 

MtDNA 
(16.6 Kb in humans) 

mitochondria 



• Uniparental transmission 

• Not reshuffled by meiotic recombination 

 

Why are uniparental markers employed? 

mtDNA 
Y-chr 



mtDNA mtDNA 

Y chromosome 

Ancestral mtDNA Ancestral Y-Chr 



• Uniparental transmission 

• Not reshuffled by meiotic recombination 

 

 

• Their molecular differentiation has been generated 
only by the sequential accumulation of new 
mutations along strict maternal and paternal lines 
of descent, while populations spread through 
regions and continents 

 

 

• Over the course of time, this process of molecular 
divergence has given rise to monophyletic units 
(haplogroups) that tend to be restricted to particular 
geographic locations and population groups 

Why are uniparental markers employed? 



What is a (mtDNA) haplogroup? 
Haplogroup = Haplotype Group  

Asian Affinities and Continental Radiation of the Four Founding Native American mtDNAs 
Torroni et al. Am J Hum Genet 53: 563-590 (1993) 

A B1 

B 

A group of mtDNAs which are defined by a unique set of variants 
acquired from the same common ancient (female) ancestor 



  African “Eve” 

(modified  from Olivieri, Achilli  et al. 2006, Science) 

Worldwide mtDNA Phylogeny 
and Haplogroup Distribution 

The Phylogeographic Approach 
Times and places of origin of the mutation(s) 

defining branches (haplogroups) of the molecular 
phylogeny allowed to reconstruct the past history 

by analyzing the complete mitogenome 



YOU CAME 
 
 
 

FROM HERE! 



ONE local source 
population 
L3 (~83.000 ya) 

Out of Africa 

13 MAY 2005 VOL 308 SCIENCE www.sciencemag.org 

60-70 Kya 

N,R (~45.000 ya) 

M,N,R (~60.000 ya) 

Sothern route 
L3  M,N  R (~70.000 ya)  

www.sciencemag.org SCIENCE VOL 314 15 DECEMBER 2006 

…and BACK AGAIN 



Achilli & Perego, “Mitochondrial DNA: A Female Perspective in Recent Human Origin and Evolution” In Origins as a Paradigm (2010) 

World migrations (mtDNA) 



The Americas: the continent most recently colonized by humans   

From where did they arrive? 
 

Who were Native Americans? 
 

When? 
 

What migratory routes did they follow?  

Genetics Archaeology Linguistics 

Climatology Anthropology 



Temperature Changes 

Starting from ~35,000 ya the whole Siberian subcontinent was vastly enlarged in the northeast 

due to lower levels of the Bering and Chukchi Sea, creating the Beringian subcontinent in the ice-

free part connecting Siberia and Alaska, permitting human migrations into the New World. 

Climatology 

Last Glacial Maximum (~20kya) 

From where did they arrive? 

Bridging the gap!!! 



More than 95% of living Native 
Americans belong to four clades, which 

can be considered “pan-American” 
(A,B,C,D then renamed A2, B2, C1,D1) 

The “Native American” haplogroups are nested 
within a tree of East Asian mtDNA haplogroups 

D1 

-5176 AluI 

2092 

Forster et al. 1996, Am J Hum Genet 

The Asian connection Who were Native Americans? 



Evolutionary relationships 

of 276 complete pan-

American sequences 

The estimated age divergence 
of the pan-American clades 
are quite similar (~16-19 ky) 

They entered together into the 
Americas, possibly right after 
the peak of the LGM 

Maximum Likelihood time scale  

Average Age 
~16-19 ky 

60        50         40         30      20         10      0 kya 

When did they arrive? 

2008 

Conclusion (?) 



Later, additional rare haplogroups were 
discovered, which are restricted only to 
some Native American populations or 
geographic areas, e.g. X2a and D4h3 

The importance of being rare!!! 
 

Kemp et al 2007, AJPA 

1492 

Bayesian skyline plot of female effective 
population size was reduced by ∼50%. 

O’Fallona and Fehren-Schmitz 2011, PNAS 

Clovis fluted 
projectile points 

from the site 

http://www.fs.fed.us/r10/tongass/forest_facts/images/jpgs/projectilepts_actualsize.jpg


~110,000 DNA samples representing 117 countries  

www.SMGF.org 



When did they arrive? 46 D4h3 & 23 X2a mtDNAs 

Perego, Achilli et al. 2009, Curr Biol 



X2a 

D4h3 

What migratory routes 
did they follow?  



(male infant, 12.6 ky BP) 

CONCLUSION: ...Our results are also consistent 
with previous models derived from mtDNA, 

which imply that Native American populations 
primarily derive from a single-source 

population, but that there was a secondary 
movement into northern North America. 

 

NOTE: mtDNA haplogroup D4h3a. 

Clovis fluted 
projectile point 

from the site 

Kennewick Man, referred to as the “Ancient One” by 
Native Americans, is a male human skeleton 

discovered in Washington state (USA) in 1996 and 
initially radiocarbon-dated to 8,340–9,200 years BP. 
NB: A very disputed case for repatriation under the Native American 

Graves Protection and Repatriation Act (NAGPRA)!! 

 

NOTE: mtDNA haplogroup X2a. 



Three distinct lineages (of Asian origin): 
Eskimo–Aleuts, Na-Dene and Amerinds 

Eskimo-Aleuts 

Na-Dene 

Amerinds 

David Reich, et al. Nature (2012) 

52 NA groups, n=493 
17 Siberian groups, n=245 
57 other groups, n=1613 
~364k SNPs 

PNAS, 
2013 

Greenberg’s  

Linguistic/Genetic 

Classification (1986): 
Amerinds  

Na-Dene  

Eskimo-Aleuts 

Linguistics 

…a quick comparison with nDNA data… 

…consistent with a three-wave model… 



2010 



2013 

The three-wave model is too restrictive!!! 



Biological Specimen 
~1500 samples 

 
collected in collaboration with SMGF (Utah), The 
Smithsonian Institute and Instituto Conmemorativo 
Gorgas de Estudios de la Salud (Panama City) 

TMA = Terminal Maternal Ancestor 

2012 

Pedigree Chart 

The importance of the Pacific Route!!! 



Emberà - Darien  Santa Fe - Darien  

San Felix - Chiriqui  
Puerto Armuelles - Chiriqui  



AN OVERWHELMING NATIVE AMERICAN LEGACY (84%) 
Last official census: 12.3%  identified themselves as Natives 

EXTREMELY LOW EUROPEAN CONTRIBUTION (2%)  
Post-Columbian colonization was mostly male-mediated 

Two A2 subclades (A2af1 & A2ad)  CONFIRM 
THE MAJOR ROLE OF THE PACIFIC COASTAL PATH 

and testify the antiquity of native mtDNAs in Panama 

1565 Panamian samples 

2012 





... Any analysis of DNA must draw upon Dr. Achilli’s expertise as one of the few scientists 
who have studied the genetic mutations in this geographical area….  

This interdisciplinary project applies historical, 
archaeological and genetic methodologies to 

evidence of encounters between peoples and 
goods from Europe, America, Africa and Asia that 
took place on the Isthmus of Panama during the 

sixteenth and seventeenth centuries.  



What about other recent 
events of gene flow in Italy? 

 
A Microgeographic study 

focused on Tuscany 
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MtDNA tree of modern Tuscans 



• A direct genetic input from the Near East to 
the present-day population of Tuscany 

(Pellecchia et  al. 2007, Proc Biol Sci) 

5.3% 

(Achilli et  al. 2007, Am J Hum Genet) 

Data on modern Tuscans  

Data on cattle (Maremmana and Chianina) 

The origin of Etruscans: a parallel genetic history 

A scenario that is compatible with a Near 
Eastern origin of Etruscans as suggested by 
Herodotus  (The Histories, c. 430 BCE, I.94) 

 
• A common past migration: 

both humans and cattle reached Etruria from 
the Eastern Mediterranean area by sea 

http://chr.wikigadugi.org/wiki/%E1%8E%BE%E1%8F%8D%E1%8E%A9%E1%8F%AF%E1%8E%A2:Herodot.jpg


Human Populations Genetics 
needs further inputs….. 

What about trying to reconstruct … 
“The parallel genetic history of humans and domesticated animals”??? 

Perhaps, the molecular and phylogenetic survey of complete 
mitogenomes could be also applied to study some livestock species… 

  

FIRB2008: FUTURO IN RICERCA 



DOMESTICATION 

WHEN? 

Where? 

Which 
Lineages? 

Larson et al. 2013, Trends Genet 



Cattle mtDNA phylogeny (106 complete mtDNA sequences) 

Ancient DNA 

(Edwards et al. 2007, Proc Biol) 

Achilli, Olivieri et al. 2008, Curr Biol 

Extinct European aurochsen 

Bos 

indicus  

Bos taurus 

Few T subclades were involved 
in the same Neolithic event of 
domestication in the Near East 

...the last recorded aurochs died in Poland in 1627 



Lascaux Cave 
~16 Kya 

Chauvet Cave 
~30 Kya 

Who are the ancestors 
of modern horses? 

Pictures of wild horses 
(Equus ferus) hunted for food 

Archeological 
evidence of 

domestication 
comes from the 
Botai culture, 
found in north 

Kazakhstan, 
~5500 ya 

Domestication Event(s): 
where and when? 



Horse mtDNA Phylogeny 
83 complete sequences 

Outgroup: 
Equus asinus 

AMM 

AMM 

Ancestral Mare 
Mitogenome 
~160-130 kya 

Maximum likelihood divergence scale 
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18 Horse MtDNA 
Haplogroups «A-R» 

Haplogroup frequency distribution 

Many different matrilineal lineages 
underwent domestication, 

throughout the Neolithic period 
 

In multiple locations of Eurasia, 
including West Europe (Iberia) 



(Achilli et al. 2005, Am J Hum Genet) (Achilli et al. 2004, Am J Hum Genet) 

The role of the Franco-Cantabrian Refuge as a source for the Paleolithic hunter-gatherer 
populations that gradually repopulated central and northern Europe after the LGM 

Refuge areas 
during the Last Glacial 
Maximum (20-15 kya) 

(Achilli et al. 2012, PNAS) 

A Parallel Genetic 
History!!! 



Cosa possiamo dire riguardo eventi 

migratori recenti/attuali??? 

Purtroppo ancora poco…. 



Linee Neolitiche dell’mtDNA? … poche 

(Soares, Achilli et al. 2010,  Curr Biol 70: R174-R183) 

Filogenesi ed età dei principali aplogruppi mitocondriali osservati 
in Eurasia occidentale e Nord Africa 

Età Neolitica 



Età Neolitica 

Filogenesi ed età dei principali aplogruppi del cromosoma Y 
osservati in Eurasia occidentale e Nord Africa 

Linee Neolitiche del cromosoma Y? … ancora meno 
(Soares, Achilli et al. 2010,  Curr Biol 70: R174-R183) 



«Evoluzione» degli approcci genetici utilizzati 
per gli studi sulle popolazioni umane 



Conclusione 
 

Gli studi molecolari e filogeografici sul DNA mitocondriale (sul cromosoma Y e sugli altri 

marcatori nucleari) possono fornire dati importanti sui principali eventi (di longue durée) 

che hanno caratterizzato la preistoria e la protostoria delle popolazioni umane, 

mentre per eventi recenti bisognerà incrementare il livello di risoluzione filogenetico e.. 

i nuovi dati acquisteranno valore solo se  

inquadrati nell’ambito delle ipotesi fornite dalla storia, archeologia, antropologia, 

paleoclimatologia, etc. ossia in un contesto multidisciplinare. 
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