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One of the enduring mysteries of biology has been the genetic
basis for diﬀerences in skin color between human populations.
Past eﬀorts to answer this question had focused on the genes
responsible for pigmentary diseases of humans, coat-color variants
of mice, and the chemistry and biochemistry of pigment formation. Despite huge advances in our understanding of pigmentation, the genes responsible for the most striking variations in skin
color remained unknown. Last December, the ﬁrst paper listed
below was published, describing the identiﬁcation of a new gene
involved in vertebrate pigmentation. A mutation in this gene,
SLC24A5, makes the largest known contribution to skin color
diﬀerences between humans of African and European ancestry.
The light skin color variation may be regarded as a contributor to
skin cancer susceptibility. The commented bibliography below
includes a sampling of related work on skin color genetics,
melanosome biology, model systems for studying pigmentation,
cation exchangers, human genomics using the HapMap, one of
the possible relationships between SLC24A5 to other human diseases (age-related macular degeneration), and an historically relevant, uncomfortable but unavoidable topic – race.
It took an unintentional tangent of zebraﬁsh cancer genetics
research to discover the ﬁrst major contributor to the skin color difference between Africans and Europeans (1). This 10-year project
demonstrated the critical roles and relevance of model systems and
multi-disciplinary approaches in research about human biology.
This work began with the positional cloning of the zebraﬁsh golden
mutation, which causes changes in melanosomal number, size and
pigment density that resemble the diﬀerences between European
and African humans. The human ortholog was able to contribute
pigmentary function in golden zebraﬁsh. A polymorphic variant of
the human ortholog SLC24A5 that is common in peoples of European ancestry causes an amino acid change (Ala111Thr) at a residue that is otherwise conserved in vertebrate evolution. Admixture
mapping suggests that the polymorphism contributes about onethird of the diﬀerence in measured skin color in humans. This work
is an important example of the relevance of model systems to
human biology. We still do not know how SLC24A5 controls
melanosome morphogenesis, what other proteins are involved in
the same biochemical pathway, or what its relevance is to other
human diseases. The genetic basis of the lighter skin color of East
Asians (such as Chinese and Japanese) remains a mystery.
Reviews
These papers (2–7) outline the previous state of knowledge of skin
and eye color genetics, the evolution of human skin pigmentation,
and adaptation of skin color to sun exposure.
Much has been learned from the study of the chemistry and enzymology of melanins, including the black/brown eumelanin and the
red/orange pheomelanin (8).
Melanosomes and skin color
We have known from the ﬁrst ultrastructural studies of human
skin that the determinants of melanosome morphogenesis will be
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critical to understand the basis of diﬀerences in human skin color.
These papers (9–14) discuss diﬀerent aspects of melanosome
research. Future work on melanosomes can be expected to integrate knowledge of the role of SLC24A5 in melanosome morphogenesis. Proteomic approaches (15) will add many more pieces to
the puzzle of human pigmentation.
Human genes and skin color
These papers (16–18) represent a sampling of the work describing
the role of skin color in ancestry, and contributions of various
point mutations to human skin color.
Model systems
The mouse represents a primary model system for the study of
vertebrate pigmentation (19). Due to the availability of a growing
number of pigment mutants, ability to knock out any gene, even
during deﬁned times and in deﬁned tissues, it has played, and will
continue to play an important role in the understanding of vertebrate pigmentation.
Zebraﬁsh is the newest shining star in vertebrate model system genetics and functional genomics (20–22). The ﬁrst of these papers describes the adaptation of zebraﬁsh to the color of its environment, a
process whose genetic basis remains a mystery. The second is an
example of the characterization of a mutation in zebraﬁsh that contributed to new knowledge about vertebrate pigmentation. The
third demonstrates the utility of ‘knock down’ technologies for testing the function of any gene in zebraﬁsh. Knock downs are accomplished using morpholino oligonucleotide-based antisense targeting
of RNA to inhibit either translation or RNA splicing. One can inhibit partially to create hypomorphs or totally to create null phenocopies of mutant phenotypes. The eﬀects last for the ﬁrst several
days of development, before dilution eventually decreases the inhibitory eﬀect of the morpholinos.
Cation exchange and pigmentation
Three papers (23–25) describe the family of cation exchange genes
of which SLC24A5 is part, and the beginnings of the deﬁnition of
their function and functional domains. Two papers (26,27) explore
the mechanisms by which organellar pH inﬂuences regulation of
melanin pigmentation.
Human genomics
The HapMap database of human variation is the beginning of the
second phase in the genomic revolution initiated by the sequencing
of the human and other genomes. We used a new and simpliﬁed
approach to the analysis of the HapMap data to help identify the
crucial role of SLC24A5 in the evolution of human skin color. The
papers from the Kidd laboratory demonstrate some of the power of
genotyping multiple populations from around the globe. The others
reﬂect some of the latest analyses of the human genome using the
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HapMap. These are the beginnings of a revolution in human
genomics (28–31).
Other human diseases
Age-related macular degeneration (ARMD) is the most common
form of acquired blindness in humans, and is much more common in lighter-skinned peoples than in darker-skinned peoples
(32–34). The relevance of SLC24A5 to ARMD, other human diseases, drug eﬃcacy and toxin susceptibility remains to be determined.
Race and color
Until the last several decades, the study of race has been largely a
reﬂection of a negative side of human nature – what may be
regarded as tribalism. Whether purposefully or unwittingly, prominent scientists, philosophers and leaders of Western civilization
perpetuated falsehoods that directly contributed to a terrible history. A polymorphism in SLC24A5 is now linked to the most
prominent physical feature linked to race – skin color (35–43).
One of our most important contemporary responsibilities as scientists and physicians is to use a uniquely human, positive side of
human nature – the ability to work together toward idealistic
goals, to learn about the history of race perceptions, to accurately
represent our new understanding of these issues to the public, and
to lead our evolution toward a more egalitarian future. For the
ﬁrst time, we can more precisely deﬁne how trivial changes, such
as those contributing to variation in skin color, can make profound and often unjustiﬁed social diﬀerences in people’s lives. In
the future, we will be able to genotype ourselves to optimize treatments and toxicities on the basis of other such genetic diﬀerences.
These papers and books represent a slice of the ongoing discussion that can help us in the important task of demystifying the
issue of race.
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