
Chapter 3

Ancient DNA Opens the Floodgates



Neanderthal fossil sites



Denisovan fossil sites



Denisova Cave



PaleoChron

One of the galleries in Denisova Cave



Multiple archaeological layers



Remember the 800 Neanderthal bone and teeth 
fragments just at Krapina, Croatia



Denisova-4: molar 
80-55 kya kya 

Wikipedia

Denisova-8: molar 
Probably more > 

136-105 kya   
      Researchgate

Denisova-2: molar, several views 
194-122 kya     phys.org 

Denisova-3: finger phalanx fragment 
76-52 kya         

Discover Magazine

(Almost) all Denisovan 
fossils in existence



PaleoChron

Phylogenetic tree of modern human, Neanderthal, and 
Denisovan mitochondrial  DNA

466 kya

1.04 mya



• mtDNA is maternally inherited in a single unit 
without recombination 
• Therefore subject to chance events such as 

genetic drift, gene flow, and positive 
selection 

• nDNA comprises tens of thousands of unlinked, 
mostly neutrally evolving loci 

• This allows for analyses of genetic 
relationships that are robust to the 
randomness of genetic drift, and are much 
less affected by positive selection 

Reich, in the paper on Denisova-3, 
mtDNA vs nDNA



Denisova-3: finger phalanx fragment 
76-52 kya         

Discover Magazine

Reich and the sequencing 
of the nuclear DNA of 

Denisova-3 (2010)

• Contamination containment procedures, then double-checking 
• Looked for contemporary human mtDNA—it was very low 
• Looked for Y-chromosome DNA (this was a female)—it was very 

low 
• Looked for modern human mutations—they were very low 

• 70% of the DNA recovered from the phalanx was human 
• Other archaic hominin DNA is often 1% or less



Neanderthals

Denisovans

chimpanzees
Africans non-Africans

 6.5 mya

Archaic and modern human phylogeny based  
on mitochondrial DNA

1.04 mya  
NOT TO SCALE!

466 kya
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Chimpanzee

Reference genome

Human Gorilla
G G

6.5 mya

804 kya
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Neanderthals Denisovans

chimpanzees
Africans non-Africans

 6.5 mya

Recent archaic and modern human phylogeny 
based on nuclear DNA

804 kya

640 kya



Split with 
chimpanzees 

6.5 mya

Africans Europeans Asians Oceania

Modern human and 
Neanderthal phylogeny 

with admixture

90 kya

VinMez Altai

~350 kya

640 kya

D3 AD

804 kya



Melanesia , the Philippines, 
and Australia



Proportion of Neanderthal  
ancestry in people today

Proportion of Denisovan  
ancestry in people today

This population has the most 
amount of Neanderthal DNA,  
about 2.1% of its total DNA

These two populations have the most 
amount of Denisovan DNA,  

about 5.0%% of their total DNA





Hominin fossil sites in Asia



Split with 
chimpanzees 

6.5 mya

Africans Europeans Asians Oceania

Modern human and 
Neanderthal phylogeny 

with admixture

90 kya

VinMez Altai

804 kya

640 kya

~350 kya

D3 A Den



Denisova-3: finger phalanx fragment 
76-52 kya         

Discover Magazine


Breathtaking



Neanderthals Denisovans

chimpanzeesAfricans Asians

 6.5 mya

Archaic and modern human phylogeny and admixture

MN VN AN

OceaniaEuropeans

Remember: the dates 
are not to scale!

90 kya
55 kya

140 kya

804 kya

640 kya

35 kya

?
D3 AD

~350 kya

120 kya





Neanderthals Denisovans

chimpanzeesAfricans Asians

 6.5 mya

Archaic and modern human phylogeny and admixture

MN VN AN

OceaniaEuropeans

Remember: the dates 
are not to scale!

90 kya
55 kya

140 kya

804 kya

640 kya

35 kya

?

D3 AD

~350 kya

120 kya

1.4-0.9 mya



Denisova-11… “Denny”
A first generation Denisovan/Neanderthal



More on Denisova-11

• Female—how did they determine that? 

• mtDNA was Neanderthal—what did that tell them? 

• Compared the nDNA sequence to that of Denisova-3, the 
Altai Neanderthal, and a living African 

• 42.3% of the mutations matched Denisova-3 and 38.6% 
matched the Altai Neanderthal—how could we explain 
this? 

• Was this a population of individuals who were all of 
mixed Neanderthal and Denisovan ancestry? 

• Or were the parents a Neanderthal and a Denisovan 

• How to distinguish these (think recombination) 

•  Denisova heterozygosity was similar to that of present-
day Africans, and 4 times that of Denisova-3 or any of 
the Neanderthal branches 

• More heterozygosity than either Denisova-3 or the Altai 
Neanderthal



Denisova-11 family tree



Evidence of Neanderthal ancestry in a Denisovan



Neanderthals Denisovans

chimpanzeesAfricans Other non- 
Africans

 6.5 mya

Archaic and modern human phylogeny and admixture

MN VN AN

OceaniaEuropeans

Remember: the dates 
are not to scale!

90 kya
55 kya

140 kya

804 kya

640 kya

35 kya

?

D3 AD

~350 kya

120 kya

1.4-0.9 mya

D11



Hominin fossils more than 40 kya with DNA



Four major population divergences in the 
hominin lineage over the past 2 million years

• 1.8 mya, divergence of H. erectus 

• 1.4-0.9 mya, divergence of an unknown 
population from modern human lineage 

• 770-550 kya, Neanderthal/Denisovan divergence 
from modern human lineage 

• 470-380 kya, divergence of Neanderthals and 
Denisovans





THE END



Possible 
explanation for 

mtDNA mismatch 
in the phylogeny of 

archaic and 
modern humans



PaleoChron

Phylogenetic tree of modern human, Neanderthal, and 
Denisovan nuclear DNA

640 kya

804 kya



Hominin fossil record

Chimpanzees  
2 mya ago till present

Bonobos 
2 mya ago till present

6.5 mya


