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Why find more Denisovans?Why FIND more Denisovans?

• Some present-day humans derive up to ∼5% ancestry from Denisovans, 2% 
from Neanderthals

• Neanderthal ancestry higher in present-day East Asians (2.3% - 2.6%) than in 
Europeans (1.8% - 2.4%) 

Sankararaman et al. 2014; Curr. Biol.

Our genetic legacy



Why find more Denisovans?Why FIND more Denisovans?Denisovan contribution to modern human biology

© Bundesarchiv

Denisovan adaptive introgression in 
Tibetans at the EPAS1 gene :

à associated with haemoglobin 
concentration and response to hypoxia 

at high-altitude

Huerta-Sánchez et al. 2014; Nature



Baishiya Cave, China 





Chen et al., Nature 2019. 



(Picture credit: Jean-Jacques Hublin, MPI-EVA, Leipzig)



“The genome in search of a fossil” 

Denisova Cave





Species Identification using Soft-Ionization MALDI-ToF-ToF
Mass Spectrometry

Collagen peptide mass fingerprinting

Buckley et al. 2009; RCIMS.
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Abstract 
 

• The recent discoveries of Denisovan and Neanderthal remains from Denisova Cave have revealed that the Palaeolithic was perhaps far more diverse than had previously been expected [1, 2, 3]. 
The advent of NGS DNA sequencing is opening up the field of Palaeolithic archaeology, but a major challenge is locating additional hominin skeletal remains that can be sequenced.  

• An analysis of faunal remains excavated from within the East Gallery of Denisova Cave between 2005-2013 reported that over 135,600 bones had been recovered. Morphological analysis was 
only able to identify 5.2% of the fragments leaving more than 128,590 bones unidentified [4].   

• This project examined 2,315 fragmented and unidentifiable faunal remains excavated in 2014 in the East Gallery. Each was analysed and identified using high throughput ZooMS, a method which 
allows for taxonomic discrimination using collagen peptides [5]. We aimed to search for hominin bone as well as identify the composition of the faunal remains amongst the collection. 
 

• We found one fragment of hominin bone (DC1227). Mitochondrial DNA analysis in order to determine which hominin group DC1227 belongs to is on-going. 
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Results 
 
 
 
 

 

Method 
 
ZooArchaeology by Mass Spectrometry (ZooMS) is a method of taxonomic identification 
through the analysis of collagen peptides. The method is made possible as each taxonomic 
species, genus, or family in some instances, contains a unique combination of peptides 
present within their collagen [4]. The difference between each taxonomic group is discreet 
enough to allow for identification, creating a unique collagen fingerprint.  
 

Small samples of bone are demineralised, subject to enzymatic digestion, and measured 
using a MALDI-Tof-Tof M/S. Resulting mass spectra can then be measured against a 
reference library of known fauna. Several peptides have been identified as being key to 
identifying family and genus taxonomic groups (COL1A2T80, COL1AT38, COL1AT40, 
COL1A2T40, COL1A2T37, COL1A1T50/51 and, COL1A2T62). Additional m/z values have 
since been identified, specific to a species, which allows for their identification. It is the 
presence or absence of specific m/z values and the combinations in which they are present 
which allows for taxonomic discrimination. 
 
 
 
  
 

 

Identification of a Hominid  
Fingerprint 

Demineralisa*on,

•  20 – 50mg of bone demineralised in .5M 
HCl. The resulting residue is removed 
into ultrafilters, centrifuged, and treated 
with ammonium bicarbonate.  

Diges*on,

•  Sample is treated with the protease 
enzyme trypsin and incubated. During 
incubation the enzyme acts to cut the 
collagen fibrils into their peptides. 

Measurement,

•  Peptides are measured using a MALDI-
Tof-Tof M/S and compared against a 
reference library of known fauna. 

There are eight m/z values used in the identification of the hominin fingerprint. A single 
sample within the assemblage analysed in this research returned this signature and 
was identified as a hominin, DC1227. The bone originated in layer 12, square A2 of 
the East Gallery and displayed no morphological features which might indicate that it 
belonged to a hominin. The bone itself is quite large, relative to other skeletal remains 
found within the cave. Prior to analysis with ZooMS the bone weighed 1.68g after 
which 35.85mg was removed for collagen digestion. DC1227 has a maximum length 
of 24.7mm and a maximum width of 8.39mm. The incision made during sampling for 
ZooMS analysis can be seen at one end of the bone.  
 
AMS Radiocarbon dating, carried out at the Oxford Radiocarbon Accelerator Unit 
(ORAU), determined that the bone was older than the upper limit of radiocarbon. The 
sample, OxA-32241 returned an age of >49,990. Previous age determinations have 
indicated that the stratigraphy within layer 11 has been compromised as a result of 
mixing [2]. The date returned for OxA-32241 indicates that the bone is unlikely to have 
arrived in layer 12 as a result of mixing and is of a greater antiquity expected for the 
this stratigraphic context. 
 
 
 
 

Mitochondrial DNA analysis is being carried out at the Max Planck Institute for Evolutionary 
Anthropology in Leipzig, Germany. Sampling was undertaken in three sections of the bone. 30mg 
was removed and DNA will be extracted using a silica-based method targeted at the retrieval of 
short DNA molecules. The results of this analysis are forthcoming. At present the remains of both 
Denisovans and Neanderthals have been located within the East Gallery. DC1227 was located 
within close proximity of these remains. 
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DC1227 m/z values revealing that 
the bone belongs to a hominid. 

The hominid fingerprint is created 
by eight peptides, represented by 

the highlighted m/z values 
  

• The 2,315 faunal remains examined within this study represent six taxonomic orders, 
Artiodactyla, Carnivora, Perissodactyla, Primata, Proboscidea and Rodentia. A single 
hominin bone was located within layer 12. 
 

• The assemblage is largely dominated by Bovinae, Equus, and Cervidae species. The 
relative percentage of each of these taxonomic families remains generally unchanged in 
each of the stratigraphic layers examined. 
 

• The remains of hyena (Crocuta) and fox (Vulpes) species increase up the stratigraphy of 
Denisova Cave. This coincides with a rise in important prey groups including Ovis, Capra 
and Coelodonta as well as increased hominin activity known for layer 11 of Denisova Cave 
[1, 2]. 
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Brown et al. 2016. Sci. Reports



Denisova 11 genome data

Slon et al. 2018; Nature





Denisova 11 is the daughter 
of a Neanderthal mother 
and a Denisovan father

Slon et al. 2018; Nature



Denisova 11 genome data

Slon et al. 2018; Nature



Previous human remains at Denisova



There are now 14 human remains from Denisova, 9 of which were found using ZooMS 

Current human remains at Denisova

17 18

17 (9.2)

18



Conclusions

• A new group of humans called ‘Denisovans’ has been 
discovered in Siberia;

• Modern humans interbred with them and 
Neanderthals between 50-30,000 years ago.

• Some of the genes we inherited are advantageous, 
some deleterious;

• Using collagen peptide mass fingerprinting we can 
identify new human bones from tiny fragments in the 
archaeological record;

• One of these bones from Denisova Cave turned out to 
be a the first offspring of two different human groups, 
indicating that interbreeding might have been 
common when these groups met.
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