
Ancient DNA



1. Background and problems

2. Examples

Two parts



Part 1: What it is not about



What it is about:      Genome sequencing



Before 2005: small data sets, limited scope



Annus mirabilis 1905



Annus mirabilis 2005: slightly less important

Birth of paleogenomics



Ancient DNA‘s annus mirabilis 2005

2nd June 2005 



Ancient DNA‘s annus mirabilis 2005

21st July 2005 



Ancient DNA‘s annus mirabilis 2005

31st July 2005 



454 Life Sciences: 20 Mb sequence data



Ancient DNA‘s annus mirabilis 2005

11th November 2005 



Ancient DNA‘s annus mirabilis 2005

18th December 2005 



Ancient DNA‘s annus mirabilis 2005

20th December 2005 



From 454 to Illumina sequencing
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Paleogenomics: Neanderthals and human evolution



But I won’t talk about this



It’s not my job



There are much more exciting species!



And anyway



So, what is ancient DNA?

1. No clear definition or age limit.

2. Broadly speaking, DNA from samples that have not been 

stored with the explicit aim of preserving DNA.

3. Sometimes distinction between museum (< 200 years), 

historical (< 500 years) and “true” ancient DNA (> 500 

years).



And how old does it get??



Older………



……and older



What characterizes ancient DNA?

1. Generally small amounts of DNA – kind of

2. Contamination – sometimes

3. Short fragments – largely true

4. Miscoding lesions – generally true



Properties of DNA



Properties of ancient DNA



Thus, ancient DNA is short



Unless it’s found in modern species



Rohland & Hofreiter 2007a

Briggs et al. 2007

Gansauge & Meyer 2014

Gansauge & Meyer 2013

Rohland & Hofreiter 2007b

Hofreiter et al 2013

Stiller et al. 2009

1. Present in low amounts?



Temperature and DNA preservation



Partially a problem of DNA extraction

Dabney et al. 2013: 132ng DNA

Rohland et al. 2010: 3.5ng DNA 
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But often little endogenous DNA





Solution 1: Get rich



Solution 2: Bleach your samples



Solution 3: Target your DNA



Solution 4: Luck



Solution 5:



Solution 5: choose wisely



Choose the right bones



The petrous bone



DNA from 50 mg cave bear petrous bone powder
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Often correct.......

But you can obtain large amounts of DNA from some 
ancient samples.

Low amounts of DNA?



Improve your choice



Works also with other bones



So, if you do not have a petrous – use a CT-scan



Relative increase in endogenous DNA



Solution 2: Bleach your samples



At least it helps to some extent



How about other aDNA substrates?





Solution 3: Target your DNA



Limitations inherent to PCR

Primer F Primer R
Target

Min 
20 bp

Minimal molecule length

70 bp

Min 
30 bp

Min 
20 bp



DNA hybridization capture



Nice but………



2. Contamination, after all?



Well, it does exist



But it tends to be exaggerated



The outside world...
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The real problem: amplified DNA



3. Ancient DNA is short



Ancient DNA fragment length: Rollo et al. 1988



Ancient DNA fragment length: Pääbo et al. 2004



Ancient DNA fragment length: Poinar et al. 2006



Very old DNA: ~ 120,000 years



But to be fair………



Because it depends a bit – on the bone chosen

Hard

Soft



On the DNA extraction used



And on the library construction method used

Single-stranded

Double-stranded



Double-stranded vs. single-stranded



Double-stranded vs. single-stranded

Conversion 

ratio 50-60%



Problems of short fragments: mismapping

Sample L=10 bp L=15 bp L=20 bp L=30 bp

Ancient Samples

KG5 22 9 9 9

874/11 5

874/6 45 26 24 24

752/63 25

1137/16 5

1427/41 47 26 26 26

1427/59 1

MAY10 7

Modern Reference Horses

M3160 (LP/LP) 375 370 370 293

M3252 (LP/lp) 44 44 44 44



Problems of short fragments: mismapping

rl10 0 0  

rl11 0 0  

rl12 0 0  

rl13 0 0  

rl14 0 0  

rl15 195 10 

rl16 208 0  

rl17 1156 2  

rl18 2610 61 

rl19 14573 1108

rl20 25000 2165

rl21 25011 2090

rl22 25014 1901

rl23 25001 1677

rl24 25008 1277

rl25 25000 758 

rl26 25012 411 

rl27 25002 215 

rl28 25004 142 

rl29 25027 124 

rl30 25020 109 

rl31 25017 106 

rl32 25024 103 

rl33 25014 115 

rl34 25024 109 

rl35 25025 111 

rl40 25000 118 

rl45 25020 102 

rl50 25000 110 

rl55 25025 110 

rl60 25020 91 



Problems of short fragments: mismapping



Problems of short fragments: no mapping at all
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4. Miscoding lesions



Miscoding lesions



Miscoding lesions in PCR data

*                          *                                                          *                     

cons. TACATATTATGCTTGATCTTGCATGAGGACCTACATTTCAAAAGTTTATTTCAAGCGTATAGTCTGTAAGCATGTATTTCACTTAGTCCGGGAGCTTAATCACCAGGCCTCGAGAAACCAGCAACCCTTGCGAGT

2-1   .......................................................................................................................................

2-2   ....................................................................................................T..................................

2-3   .......................................................................................................................................

2-4   .......................................................................................................................................

2-5   .......................................................................................................................................

2-6   .......................................................................................................................................

3-1   ..T..........................T.........................................................................................................

3-2   ..T..........................T.........................................................................................................

3-3   ..T..........................T.........................................................................................................

3-4   ..T..........................T.........................................................................................................

3-5   ..T..........................T..G...................................................................................G..................

3-6   ..T..........................T.........................................................................................................

3-7   ..T.........C................T.........................................................................................................

3-8   ..T..........................T.........................................................................................................

3-9   ..T..........................T.........................................................................................................

3-10  ..T..........................T.........................................................................................................

3-11  ..T..........................T..................................................G..............................................C.......

5-1   ................................................................C.......................T..............................................

5-2   ........................................................................................T..............................................

5-3   ........................................................................................T..............................................

5-4   ........................................................................................T..............................................

5-5   ........................................................................................T..............................................

5-6   ........................................................................................T..............................................

5-7   .........................................................C..............................T..............................................

PCR 1

PCR 2

PCR 3



High frequency at fragment ends



And enzymatic removal



Mapping bias



Fossil giant panda



Ingroup bias



Outgroup bias?



Solution: pangenome mapping?



Projects on the edge of the possible



Phylogenetic distance



Mostly from warm to hot climate





Quality check



Phylogeny makes sense (whatever that means)



Would a nuclear genome be possible?



Thanks………

……..for listening so far





Part 2: What to do with ancient DNA



Choose samples from colder regions



Cave bears



Bear evolution



Bear evolution and gene flow 

Geneflow



Gene flow among species 

Geneflow



D-statistics



Phylogenetic admixture analysis



Percentage of admixture



Caucasus



Caucasus cave bears



European cave bears



Cave bear nuclear relationships………



……and bear evolution from a temporal perspective



Dating admixture – 500,000 years after divergence



Natural climate change causing divergence?



Temporal genomic differentiation in Romania



And cave bear population dynamics



Summary cave bears

• Gene flow within and between species is an important 

factor in bear evolution

• The European cave bear has partially survived in the brown 

bear, at least o the genomic level

• Genomes from very old fossils can be used to calibrate 

phylogenetic trees

• Cave bears did not like cold climate phases



Elephant evolution 





The mitochondrial genome

~ 17,000 bp



The choice of outgroup - living relatives



Phylogeny without outgroup



The choice of outgroup – extinct relatives



Phylogenetics



Palaeoloxodon antiquus

~120,000 years old



Mitogenome tree



Sicily



Palaeoloxodon mnaidriensis



Geographical origin and mitogenome phylogeny



Insular dwarfing



African forest elephant



How are these related?



Nuclear DNA sequencing



7.6

6.7

0.96.6

1.6

5.0
5.0

Mitochondrial vs. nuclear phylogenies



Palaeoloxodon antiquus

~120,000 years old



Palaeoloxodon antiquus – nuclear tree



Palaeoloxodon antiquus – an extinct hybrid species



Mammoths



Mammoths



Mammoths – samples, age and phylogeny



Columbian mammoth – ghost ancestry



Mammoths – population history



More mammoths



Mitochondrial haplogroups vs. nuclear tree



Even more mammoths



Geographical vs. genetic structure

PC1 vs longitude

P value: 5.65e-09 Adjusted R-squared:  0.637



NJ-tree using all samples



Siberian admixture over time and space



Summary elephants

• Gene flow within and between species is an important 

factor in elephant evolution

• The European straight-tusked elephant was a three-way 

hybrid

• Chinese and European mammoth are more closely related 

than either to Siberian ones

• Siberian influence increases over time



Cave hyenas



„Real“ cave hyena



As seen by stone age artists



Crocuta - distribution



Sampling



Mitogenome tree



Nuclear tree



Crocuta gene flow



Hyena dated tree and admixture 2 my after divergence

Tree not to scale!



Spotted hyenas are different



Conclusions

• Spotted and cave hyenas diverged a long time (2.5 my) ago

• There is a discordance between mitochondrial and nuclear tree 

similar to humans, Neanderthals and Denisovans

• We find evidence for multiple gene flow events between Africa 

and Eurasia, until almost 2 my after the initial divergence



Pleistocene hippos



Sampling and phylogenetic trees



Sample ages



Low genetic diversity



Summary hippos

• Late Pleistocene European hippos were closely related to 

extant African ones

• The Rhine valley hippos are not Eemian in age

• Pleistocene ecosystems were not analogous to modern 

ones

• The Rhine valley hippos were a relict population



Steller‘s sea cow: 1768 †



Size comparison



Distribution



Steller‘s sea cow skin



Functional analysis



Explaining the phenotype



Steller‘s sea cow: habitat



Non-shivering thermogenesis: UCP1



Thermogenic futile cycles



Steller‘s sea cow fat deposits



Steller‘s sea cow: 1768 †



Genetic diversity over time



Population size over time



Summary Steller’s sea cow

• Low population size for the last 1,000,000 years

• Further loss of genetic diversity between 2,000 and 

1,000 years ago

• Genetic cause for skin phenotype and probably 

cold-adaptation revealed



South-African bluebuck ~1800 †



Distribution



Problem 1: Poor DNA preservation



Problem 2: Few museum samples



Initial nuclear sequencing at low coverage

3x

2x



Evidence for post-divergence gene flow



How to determine its direction?



How to determine its direction?



How to determine its direction?



Low genetic diversity



Coverage improved to 40x



Long-term low population size



Dating alternative topologies 



Summary bluebuck

• Low population size for the last 500,000 years

• No connection between population size and climatic 

fluctuations

• Asymmetric gene flow happed during second 

speciation  

 => not really secondary gene flow 





Can de-extinction become real? 



Jurassic Park? No



Mammoth safari?  Maybe....



De-extinction: 3 possibilities



1. Backbreeding



2. Cloning



3. Genome-modification



Colossal Biosciences



Mammoths are iconic



Cloned animals



No elephants………



Problem 1: breeding elephants



Problem 2: reproductive biology



Problem 3: generation time



Artificial womb?



Better candidates: lava mouse



Better candidates: cave bear



In theory......



In practice: South-African bluebuck ~1800 †



Advantages: 1) first genomes available

3x => 40x

2x => ??



Advantages: 2) Very close extant relative



Advantages: 3) Also easy to breed



Advantages: 4) No conservation concern



Advantages: 5) It’s almost a cow (or a goat)



De-extinction? Maybe……
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