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Just over 150 years ago, the first fossils of our closest relative, the Neanderthal, were discovered in Germany. 
From analyzing these bones and comparing them to ours, we have predicted what the Neanderthal might look 
like, when the Neanderthal emerged, roamed, and eventually went extinct about 30,000 years ago. During their 
travels, they would have encountered the ancestors of modern day humans. But much controversy has existed on 
whether there was any interbreeding between Neanderthals and the ancestors of modern humans. Fossils have 
not given us a definitive answer and the Neanderthal mitochondrial genome suggested no gene mixing had 
occurred. But now the complete nuclear genome has been sequenced, and it has given us some surprising 
answers.

Green et al. published the first draft of the Neanderthal genome in May 2010. It is a composite genome, based on 
ancient DNA samples collected from the bones of three female Neanderthals (figure 1), who lived at different 
times in a cave in Croatia, about 40,000 years ago (figure 2).

The team compared the Neanderthal genome to other samples of Neanderthal DNA collected from fossils in 
Spain, Germany and Russia. This confirmed that their composite genome is a fair representation of the 
Neanderthal species. They then compared the genome to that of the chimpanzee and to modern human 
genomes. For this comparison, they also sequenced the genomes of five living humans who originate from 
different parts of the world: Southern Africa, West Africa, France, Papua New Guinea, and China. These 
comparisons revealed which parts of the current human genomes have evolved recently, since Neandertals and 
humans diverged.

To perhaps everyone's surprise, the genome comparisons revealed interbreeding had taken place between 
Neanderthals and our ancestors, but not as we expected. Despite there being no evidence that Neanderthals lived 
in China and Papua New Guinea, the two individuals from these areas are as closely related to the Neanderthals 
as the French individual is. In fact, these three people share 1% to 4% of their nuclear DNA with Neanderthals. 
In contrast, the comparisons do not show any evidence of interbreeding with the ancestors of Africans. One 
theory to explain this is that gene mixing took place much earlier than thought, after early humans had migrated 
out of Africa and into regions such as the Middle East (at least 100,000 years ago) but before they migrated to 
Europe and western Asia. The genetic contribution from Neandertals would then have been carried with early 
humans as the colonized all of Eurasia.

The comparisons with modern human genomes also revealed 78 individual genetic changes that result in protein 
differences between humans and Neanderthals. The number of changes is remarkably small given the 300,000 
years which separate humans and Neanderthals from their common ancestor. But these differences do occur in 
interesting genes.

For example, three out of six genes that had multiple substitutions were in skin, suggesting the importance of 
skin form and function to the evolution of humans. One of these is the TRPM1 Gene, which code for melastatin, 



an ion channel important for maintaining melanocyte pigmentation in the skin. The same substitution found in 
some humans removes the start codon. The RPTN gene encodes repetin, an extracellular epidermal matrix 
protein found in the epidermis, and at high levels in sweat glands, hair roots, and the tongue.

Other differences are in genes important in cognitive development, and mutations in some of these genes in 
modern humans lead to a variety of disorders. For example, mutations of DYRK1A contribute to Down 
syndrome, CADPS2 and AUTS2 to autism, and NRG3 to schizophrenia. Other interesting genes affected include 
SPAG17, which encodes a protein that is important for the beating of the sperm tail, while RUNX2 is the only 
gene in the genome known to cause cleidocranial dysplasia. Features of this disease include a bell-shaped rib 
cage, a protruding frontal bone, and a small or absent collar bone. As Neanderthal rib cage is typically bell-
shaped, the frontal bone is prominent, and the collar bone is different in shape to human (figure 3), it is plausible 
that changes in RUNX2 were important in human evolution.

Such genetic changes are important to our understanding of the most recent evolution of humans. And it also 
brings us closer to understanding what led to the mysterious extinction of one of our closets relatives.

This Coffee Break was reviewed by Professor Richard E. (Ed) Green.
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Figure 1. Neanderthal bone fragments. The researchers obtained the majority of the DNA used for their study from the bone 
fragments of three female Neandertals who were excavated in the Vindija Cave in Croatia.
Image copyright: Max Planck Institute for Evolutionary Anthropology.

Figure 2. Entrance of the Vindija Cave, Croatia. (Copyright: Johannes Krause, Max Planck Institute for Evolutionary Anthropology)

Figure 3. Reconstruction of a Neandertal group. Image copyright: Johannes Krause, Neandertal group by Atelier Daynes, Paris, 
France. In: Museum of the Krapina Neanderthals, Krapina, Croatia. Project and realization of the Museum: Zeljko Kovacic and Jakov 
Radovcic.
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