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<100,000 yrs ago



The Neandertals “define” modern humans

How are we related to Neandertals?



Pääbo, Das Altertum, 1984



Pääbo, Das Altertum, 1984



Pääbo, Das Altertum, 1984



Higuchi et al. Nature 1984. 

Allan C. Wilson 





Fresh DNA

Ancient DNA

~1μg DNA
per gram tissue

~0.0000001-0.0001μg DNA 
per gram tissue

Microbial DNA



Contamination prevention



Pääbo, PNAS 1989.



By P. Snowball, in "On the track of Ice Age mammals“, 1985.



https://commons.m.wikimedia.org/wiki/File:Mamut_enano-Beringia_rusa-NOAA.jpg







Total Replacement Total Continuity

0% 100%









Krings et al., Cell 90: 19-30 (1997) 





Total Replacement

0% 100%

mtDNA

Total Continuity





High Throughput DNA Sequencing

~95 billion bp; ~150 bp reads~500 million bp; ~500 bp reads



DNA extract Direct
sequencing

Sequence
Database

(70,000-250,000
sequences)

GenBank
Target genomes

Alignment
database

~20% of input
sequences



Vindija Cave, Croatia



Vi 33.16; AMS date: 38, 310 +/- 2,130 BP

Vindija Cave, Croatia



A B

~500-fold ~200-fold

2005-2010



Meyer et al., Nature, 2014.



A B

~500-fold ~200-fold

2005-2010



Patterns of DNA damage

Briggs et al., PNAS, 2007.
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Johannes Krause Tomislav Maričić



454 FLX/Titanium Illumina/Solexa GAII

80 Mill. sequences 

up to 72 bp long

1.5 Mill. sequences 

up to 500 bp long

200,848,155 
fragments

1,135,450,518
fragments



Human genome

Neandertal genome
(One-fold coverage)

Janet Kelso



~55%
of Neandertal genome

(http://genome.ucsc.edu/Neandertal/)
(2010)

http://genome.ucsc.edu/Neandertal/


?

Expectation:
Europeans should share 
more variants with 
Neandertals than Africans
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99,51599,798Ed Green David Reich
Broad Institute

Monty Slatkin
UC Berkeley
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Neandertals
1-2%



Good Neandertal Genomes!



Denisova Cave, Altai Mountains, Russia

A.P. Derevianko



From M.B. Mednikova (2011) 



Meyer et al., Science, 2012.

Old New

Double-stranded methods Single-stranded method

Matthias Meyer
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Denisova Cave

Vindija Cave

Chagyrskaya Cave

High-quality Archaic Genomes
~50,000-120,000 years old



Sankaramanan et al., Nature 2014.

Chr. 9

~1-2%
per person ~40% (?)

Neandertal contributions



Denisova Cave



30X genome



San Yoruba Neandertals Denisovans

390–440 kyr

(m=0.5 x10-9/bp/year)

520–630 kyr



“Denisovans”



Sankaramanan et al., Curr. Biol. 2016.

~ 5 %

~ 0.2 %



Browning et al., Cell 2018.

Two Denisovan populations contributed to East Asians!



?

Neandertals

Denisovans

~500 kyr~50 kyr
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~1-2%

~7%
~50 kyr?
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Hajdinjak et al., Nature, 2021.



From Milota Ş. et al., in: Trinkaus E., Constantin S. and Zilhão J. (Eds.), Life and Death at the Peştera cu 

Oase. Oxford University Press, New York, 2013.

Oase Cave, Romania



Oase 1, Romania

~40,000 yrs

3.4%



~25%
~12%

~6%
~3%

~1.5%

50%

Oase 1



Hajdinjak et al., Nature, 2021.



Batcho Kiro, Bulgaria

Hublin et al., Nature, 2020.



BK-1653

F6-620

Batcho Kiro

~35,000 BP

~45,000 BP



3.0% 3.8%

~45,000 BP

~35,000 BP

1.9%

3.4%

~7 generations ~12 generations ~4 generations
Hajdinjak et al., Nature, 2021.



The first modern humans in Europe 
mixed extensively with
resident Neandertals

Neandertals and Denisovas
were probably (at least partially) 

assimilated into larger 
modern human populations





Nav1.7
(SCN9A) 

Hugo Zeberg, KI
MPI-EVA



Nav1.7



Decreased inacativation
(when co-expressed with Navβ3)

Zeberg et al., Curr. Biol. 2020.



Decreased inactivation



Decreased inactivation
(when co-expressed with Navβ3)

Zeberg et al., Curr. Biol. 2020.



UK BioBank

362,944 individuals, 1,337 (0.4%) carry the Neandertal allele 





UK BioBank

362,944 individuals, 1,337 (0.4%) carry the Neandertal allele 





UK BioBank

362,944 individuals, 1,337 (0.4%) carry the Neandertal allele 

Zeberg et al., Curr. Biol. 2020.



Pain as a function of age

~8.5 years 
“of additional pain”

Zeberg et al., Curr. Biol. 2020.



Nav1.7

Chromosome 2

Nea Nea

?
Were they wimps?



Receptor

From: https://www.britannica.com/science/ovulation.



A Neandertal variant 
associated with preterm births

Progesterone receptor
Zeberg et al., MBE 2020.





The Neandertal progesterone receptor in modern humans
over time

Zeberg et al., MBE 2020.



UK BioBank
“Modern
Allele”



The progesterone receptor

The Neandertal variant (A, V660L) is
associated with preterm births

but

is also protective against miscarriage 

and results in more live births…



Zeberg et al., MBE 2020.

Progesterone receptor expression



Receptor

From: https://www.britannica.com/science/ovulation.





Vormfelde et al., Pharmacogenomics J., 2007.



Häggström et al., Pharmacogenomics J., 2022.



Br J Clin Pharmacol 59:62-68 (2004).

”Neandertal” CYP2C8*3

Ibuprofen



Adapted from Johnson et al. (2011) Clin Pharmacol Ther. 90(4):625-9.

”Neandertal” CYP2C9*2

https://www.healthwarehouse.com/



The Corona Virus Pandemic





The Covid-19 Host Genetics Initiative



Modified from COVID-19 Host Genetics Initiative (https://www.covid19hg.org/)

Genome-wide associations for severe COVID-19



Zeberg & Pääbo, Nature, 2020.

RISK!

Protective!



Present-day humans
Neandertals Denisova

Chr. 3 Risk Variant



Nakanishi et al., J. Clin. Invest., 2021.

~7%

~13%





Zeberg & Pääbo, Nature, 2020.

Approximately 1,1 million 
extra deaths…Europe: ~16% carriers

South Asia: ~50% carriers
East Asia: ~0% carriers



Hugo Zeberg

CCR5

The COVID risk variant 
downregulates CCR5!



Risk of HIV infection in chr. 3 risk variant carriers

26% reduced risk
of HIV transmission!

Zeberg, PNAS, 2022.



The chromosome 3 locus
• Increased risk for severe covid

• Decreased risk for HIV infection

A double-edged sword A multi-edged sword…





Modified from COVID-19 HGIFirst reported by Pairo-Castineira et al. Nature (2020) 



Zeberg and Pääbo, PNAS 2021.

Neandertals

Protective!



Zeberg and Pääbo, PNAS 2021.

OAS1
OAS3

OAS2



OAS 1-3

Modified from Choi et al., Exp. & Mol. Med. 2015.

Also protective against
SARS-CoV-1!

Hamano et al. BBRC (2005)



Effect sizes
(under the rare disease assumption)

Chromosome 3: ~ 100% increased risk per allele

Chromosome 12: ~ 23% decreased risk per allele





Functions unique
to modern humans?



Aurignacian blades Bone points Bladelets 





Slide after Prof. C. Wang, GU-CAS, Beijing



7-8 Myr



~30,000 single nucleotide changes

~100 small insertions and deletions

~3,000 regulatory regions (Ensembl)

~100 amino acids (CCDS)



Glutathione reductase

From: www.researchgate.net.



Glutathione reductase

Coppo et al., Sci Adv 2022.



Glutathione reductase

~0.06%
in UKBB

Coppo et al., Sci Adv 2022.
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