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European populations, with Northern Europeans
generally being taller than Southern Europeans
(20, 21). A recent aDNA analysis of Neolithic
European populations suggests that the North-

GYPE, and G6PD [reviewed in (23)]. These variants are likely adaptive, as initially evidenced by
the strong correlation between allele frequency
and prevalence of malaria infection. However,
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Fig. 1. Examples of human local adaptations, each labeled by the phenotype and/or selection pressure, and the genetic loci under selection. [Adapted
from (13)]

from http://science.sciencemag.org/ on November 24, 2019

haplotype containing HESX1 at high frequency
in central African RFHGs but low frequency in
other African populations; HESX1 is involved in
the development of the anterior pituitary, where
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late Neolithic Europeans (10), suggesting that LP
spread recently (within the past ~4000 years)
across Europe (11).
The genetic adaptations resulting in LP are
examples of convergent evolution in modern humans (causative genetic variants arose independently in geographically diverse populations owing
to strong selective pressure for an adaptive phenotype). However, the identified LP-associated

studies differ in design and principal conclusions, they share support
for an increase in expression level in a subset of brain-expressed genes
in the lineage leading to humans16,17.

degenerate sites in the codon (such as a CGT to CGG chang
codons encode arginine). Because synonymous changes do
the biochemical properties of the encoded protein, they a
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PROGRESS

There is also accumulating evidence that some neural genes
underwent important changes in their coding sequence over the
course of recent brain evolution, although the proportion of neural
genes that were targets of positive selection is still in debate. Genes
strongly influenced by natural selection can be identified by comparing DNA changes that occur in different, closely related species, for
example in different primate species. Synonymous DNA substitutions do not alter the amino acid sequence because they occur at
degenerate sites in the codon (such as a CGT to CGG change, as both
codons encode arginine). Because synonymous changes do not alter
the biochemical properties of the encoded protein, they are usually
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Figure 1 | Differences in cerebral cortical size are associated with
differences in the cerebral cortex circuit diagram. The top panel shows side

layer into two layers (layer I at the top
numbering follows the scheme of ref. 3
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