CHAPTER 17

Human Skin Colour, Its Genetics, Variation and Adaptation:
A Review
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INTRODUCTION

Human skin colour is one of the most
conspicuous human polytypic variations and has
attracted probably more scholarly attention than
any other aspect of human variability. It wasthe
very first character used for racial classification
and has served as a primary feature in most
systems of racial classifications.

In the late nineteenth century, process of
melanization in plants was discovered to be
dependent on the enzyme tyrosinase. Sub-
sequently the same pathway was found to be
involved, by German histochemist Bruno Bloch,
in pigmentation of human skinin vitro. By 1950
the melanocytes, the cells where these reactions
took place, wereidentified and it wasfurther found
that these cells originate embryonically in the
neural crest.

Edwards and Duntley (1939a) found that
variation in human skin colour is mainly due to
the presence of four pigments, namely, Melanin,
Haemoglobin, Caroteneand Melanoid. In addition
to this, effect produced by the scattering of light
fromthe skin surfaceisalsoinvolvedingiving a
particular skin colour to the person. GA. Harrison
(1957) demonstrated that there appears to be no
significant difference between races in haemo-
globin content provided there are no pathol ogical
and/ or malnutritive conditions. He further
demonstrated that there appears to be constancy
in the vascular supply under conditions of
constant temperature and activity. He also found
that the contributions of scattering of light and
carotene appear to be respectively constant and
inany case negligible. Further the melanoidsare
also found to be negligible even in dark skinned
people particularly at the parts of the body
protected from the sun.

No wonder that Edwardsand Duntley (1939b)
had suggested that “the coloured races owe their
colours only to variations found in melanin
content”. No pigment other than the one present
in the Whites, excepting an unusual rare red
pigment among the New Guineaindigents (Walsh,
1971) isfoundin human skin. Thisred pigmentis

due to the accumulation of a red intermediary
metabolite, namely, DOPACHROME.

THE MELANIN PIGMENTATION

The melanin pigment granules are mostly
foundinthebasd layer or thestratumgerminativum
inside the melanocytes. The stratum basale
consists of columnar cells, the carotenocytes,
with about 10% of the cells comprising melano-
cytes. Thisisthegerminal layer of theskinwhich
gives rise to the outer layer of cells and the
melanin granulesthat pigment them. The stratum
spinosum consists of several layers of irregular
polyhedral cells, carotenocytes, flattened on their
edges. Thusit can easily beinferred that the effect
of haemoglobin of the blood flowing in the
underlying papillary layer of the dermis on the
skin colour will be masked by the dark brown
melanin pigment present in the overlying basa
layer of epidermisand particularly sointhe darker
populations.

The metabolic pathway involved in melanin
synthesis is extremely complicated involving
severa intermediate steps. It startswith theamino
acid tyrosine oxidized by the copper containing
enzyme tyrosinase (TYR) to dihydroxy-
phenylaanine (DOPA) and then to dopaquinone.
A mutation in the gene for enzyme tyrosinase
(TYR) that produces a protein with decreased
functionality will result in areduced production
of melanin and under extreme decrease in the
functionality this produces a genetic form of
albinism. Dopaguinone undergoes a series of
non-enzymatic reactions and rearrangements
forming the different molecules that are co-
polymerized to make one of the two types of
melanin: Eumelanin, which is the dark brown/
purple/ black compound found in skin/ hair, and
Phaeomelanin, which isyellow to reddish brown
pigment present in red hair and rarely in human
skin. Both forms of melanin combine with other
proteinsto formthe melanosomethat isdistributed
from the melanocytes to the surrounding cells.
Thereisagradient of melanosome sizeand number
from dark to intermediate to light skin colour
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besides melanosomes of dark skins being more
widely dispersed.

Activation of the melanocortin | receptor
(MCIR) promotes the synthesis of eumelanin at
the expense of phaeomelanin, although oxidation
of tyrosine by tyrosinase (TYR) is needed for
synthesis of both the types of pigments. The
extent of pigment synthesiswithin melanosomes
isaffected by the membrane associated transport
protein (MATP) and the pink-eyed dilution
protein (P) which are the melanosomal membrane
components.

Total amount of melanin produced is more
important than the ratio of the two types of
melanin. Both the light and the dark skinned
individuals have similar number of melanocytes
for the same body region (there being considerable
variation between different body regions in
number of melanocytes), but melanosomes that
contain the pigment are more numerous and more
pigmented in darker peoplethaninlight skinned
people(Szabo et d., 1969; Todaet al., 1972).

M easur ement of Skin Colour

Reflectance spectrophotometry has been
extensively used for measuring skin pigmentation
(See Weiner, 1951; Feather et al., 1988) In this
method a reflectance spectrophotometer shines
alight of specific wavelength (using afilter), and
measures the intensity of light reflected by the
skin. Thetechniqueinvolvesalcohol wash of the
skinontheinner upper arm of thesubject, allowing
timefor local circulation run to normal and then
shinesthelight on the skin and measure the skin
reflectance.

Geneticsof Skin Colour

Skin colour is a polygenic trait and multiple
geneticloci areinvolvedin determining it besides
the environmental factors. Multiple genes
working together produce a continuous distri-
bution in a bell shaped curve of skin colour
varying fromlight to dark. Early models (Harrison
and Owen, 1957; Stern, 1970; Kalla, 1968) suggest-
ed 2-5 additive/ equal/ unequal genes being
responsible for it. Recent works (Sturm, 1998)
suggest many genes working together in very
complex additive and non-additive combinations
to giveriseto various shades of human skin colour.
The non-enzymatic conversions of dopaguinone
into eumelanin and phaeomelanin, and their
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combination into melanosomes, are affected by
several geneticloci.

Of nearly 100 different genes (Bennett and
Lamoreux, 2003; Jackson, 1994), 15to 20 mutations
of mouse coat colour genes are found to have
human homol oguesin which null mutations cause
abinism.

Lossof functional allelesinasingle gene, the
melanocortin | receptor (MCIR), causes the
characteristic phenotype of fair skin coupled with
freckling and carrot red hair because of large
amounts of phaeomelanin and small amounts of
eumelanin (Sturmet al., 1998; Rees, 2000; Barsh,
2003). However, the M CIR variation significantly
affects pigmentation only in populations who
commonly havered hair andfair skinanditsprimary
effects—to promote synthesis of eumelanin at the
cost of phaeomelanin or vice versa — contribute
little to the variation of skin reflectance among or
between major ethnic groups.

TheTYR, Pand MATPgenesarewell known
causes of albinism and their primary effects are
limited to pigment cells (Oetting and King, 1999);
of these gene P is highly polymorphic but the
phenotypical consequences of P gene polymor-
phism are not yet known. However, the variation
in the above MCIR gene sequence does not
contribute significantly to variation in the human
skin colour in different popul ations of theworld,
but afunctional MCIR isimportant for dark skin.

Skin Tanning Potential and ItsGenetics

Under theinfluence of ultraviolet radiations,
the human skin tans i.e. additional melanin
pigment formation takes place. Thistakes place
intwo steps, first, the pigment migratesfrom|lower
epidermal layersto upper epidermal layersandin
the second step more pigment is formed.

Skin Tanning isatwo-stage acclimatizational
response of the skin to the increasing levels of
UV exposure. Immediate tanning results in the
transient brownish tan because of exposure of
the skin to UV-A and visible light. It reaches a
maximum within 1-2 hours after the exposureand
is lost between 3-24 hours after exposure. In
immediate tanning no new melanosomes are
formed and the likely mechanism is the photo-
oxidation of existing melanin or epidermal
elements. Delayed and sustained tanning too
occurs due to repeated or focused exposure
primarily to UV-B while UV-A and visible light
may also play arole. In this, skin darkening
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gradually startsfrom 48-72 hoursafter irradiation.
Initially this darkening is the result of migration
of themelanosomesfrom lower epidermal layers
to the upper epidermal layers. Subsequently mela-
nocytes enlarge, the dendrite density increases,
melanosomes increase in number and the
maximum tanning reaches upto 19 days after an
exposure whereafter peeling of the skin setsin.
Normally the sustained tanning goes off by nine
and ahalf monthsbut in some casesit may sustain
even after ayear of exposure.

The skin tanning potential isalso found to be
inherited (Kalla, 1972) and it is further found to
be under the control of fewer genes than the
normal skin colour asindicated by the respective
parent child correlation in the normal and induced
skin pigmentation respectively.

Variation in Skin Colour

The worldwide distribution of skin colour
suggests an association with environmental
factorsvarying with latitude, ultraviolet radiation,
in particular, the quantity of UV raysstriking the
surface of the earth from the sun and temperature.
The skin colour tends to become lighter in the
low UV regions and it tends to be darker in the
tropical and sub-tropical high UV regions.
Relethford (1997) analyzed the skin reflectance
datafrom morethan 100 populationsall over the
world and found that skin reflectanceislowest at
equator and then gradually increases by about
8% per 10 degree of latitude in the northern
hemisphere and about 4% per 10 degreeof |atitude
in the southern hemisphere. This pattern clearly
showed inverse correlation of skin reflectance
withlevelsof UV radiationswhich aregreater in
the southern hemisphere than in the northern
hemisphere. As Templeton (2002) rightly
suggested we do not know how patterns of UV
radiation have changed with time in the two
hemispheres and that we also do not know when
skin colour islikely to have evolved along with
multiple emigration fro Africa and extensive
genetic interchange over thelast 500,000 years.

Skin Tanning potential also seemsto vary from
population to population. It tendsto increase with
the increase in normal skin pigmentation upto a
particular level of normal skin colour beyond
which the skin tanning potential declines with
the further increase in the level of skin pigmen-
tation asreported by Kalla (1969b).
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Variation duetoAgeand Sexin Skin Colour

Istheso-called“ Fair Sex” redly fairer to man?
No consistent inference in this regard can be
drawn from the dataon various populations. Data
collected by Barnes (1929), Mazess (1967), Kdla
(1968), Kdlaand Tiwari (1972), Conway and Baker
(1972), found no sex difference in skin colour.
Significant sex differencesinthe skin colour were
observed by Weiner et a. (1964), Daiz Ungria
(1972), Harrison and Salzano (1966) with females
being significantly lighter in skin colour. But
L eugebe (1964) and Sunderland (1967), found the
adult maleto be significantly less pigmented than
the adult females at the unexposed skin. Age
seems to intervene in a big way with the sex
differencesinthe skin colour. At pre-pubertal age,
males are found to be lighter in skin colour than
females, but the relationship changes after
puberty (Kalla, 1973). Most of the studies show a
pre-pubertal increase in the melanin pigment in
both males and females, which is attributed to
the pre-pubertal increase in the melanocyte
stimulating hormone (M SH) (Marshall, 1960).

Selection Oper ative on Skin Colour

Selection favouring high levels of melanin
pigmentation in areas of high UV radiations may
involve several selective agents. Sun burn can
cause skin lesions and subsequent infectionsand
it may also predispose the skin to skin cancer.
Highly pigmented skinwould not allow ultraviolet
to penetrateinto the underlying papillary layer of
the dermisand thus protect the dermisfrom being
damaged. But in the absence of high pigmentation
and in high UV areas the papillary layer of the
dermiswould be damaged by the UV radiations.
Thus selection seemsto favour dark skinsin high
UV aress. Inthelow UV aress, if theskin hashigh
level of melanin pigmentation then no vitamin D
synthesis may take place in the dermis as the
weak UV would be cut off from penetrating into
the papillary layer of the dermis to be able to
manufacturevitamin D.

One of the important functions of vitamin D
is to actively cause calcium absorption across
thewalls of small intestineinto the blood stream
and calcium is used for the bone and tooth
developments aswell asfor nervous and muscle
action. The skeleton servesasacal cium reservaoir.
If calcium levels in intracellular fluid drops,
hormonesare rel eased to cause resorption of bone
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placing calciuminto circulation. Such acontinued
resorption as may be evident in infants and
children suffering from deficiency of vitamin D
may cause rickets and in adults it may cause
osteomalacia. Rickets refers to a defect in the
calcification of growing bone so that the bones
are structurally weak and unable to withstand
mechanical pressure. It leadsto muscleweakness,
deformity of the long bones including bowed
legs, Knucklelike projectionsaround therib cage
(rachiticrosary), deformities of the pelvisthat are
often permanent, etc. Whilelong bone deformity
impairslocomotion, pelvic deformation can make
childbearing dangerous and is potential enough
to kill mother and baby. Thiscould ultimately lead
to much reduced fertility and enhanced mother
and child mortality. Here it would be interesting
to report that prior to widespread vitamin D
supplementation in the 1930s, the black women
living in the USA had nearly eight times greater
pelvic deformitiesthan thewhitewomen. Itisthus
quite evident that the populations not getting
vitamin D supplementation, having high melanin
content in skin and living in low ultra violet
regions could suffer great viability loss on
account of deficiency of vitamin D caused
because of their skin pigmentation.

Further UV light is also found to cause
denaturization or chemical breakdown of folicacid
circulationintheblood. Thiscaninducefolicacid
deficiency in the body even if the diet supplies
adequatefolic acid. Thisfolic acid deficiency may
lead to anaemia, infertility and birth defects
particularly, neural tube defects. High melanin
content in the epidermis of the persons living
under high ultra violet regions can also protect
the circulating folic acid and this may be an
important selective force for dark skin peoplein
low latitude areas.

Skin cancer is found among light skinned
individuaslivingintropical latitudes, for example,
in Nigeriaand Tanzaniano albino over the age of
20 years was found to be free of pre-malignant
skin lesions. Further chronic skin damage was
found in every albino by the end of first year of
lifein Tanzania. Thishigh rateand early (prior to
age of reproduction) onset of skin damage
suggests that cancer of skin may have been a
strong selective pressure in tropical areas.

Ultra violet light is also known to suppress
immune function. It has been hypothesized that
increasein melanization could shield theimmune
system by protecting the blood borne compo-
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nents of the system from ultraviolet (Jeevan and
Kripke, 1993). However, recent study (Sturm, 1998)
demonstrated that the differencesin skin colour
were not associated with differences in UV
induced immune deficiency.

Besidesthe sdlection favouring pigmentation it
also favours depigmentation. In ecosystemswhere
there are low levels of UV radiations (primarily in
the high latitudes) sdlection favours low level of
melanin which may involvedifferent factors.

1 The regulation of vitamin D synthesis (as
mentioned above)
2 Frost hite sensitivity and cold tolerance

Inview of the molecular evidencewhichtraces
human ancestry to tropical region of Africa, if we
assume that our ancestors had dark skin and as
they moved into high latitudes there would have
been substantial selection favoring lower melanin
content in the skintoimprovevitamin D synthesis
in order to sustain the lineage by protecting it
against rickets and osteomal acia. However, there
are counter arguments to the above hypothesis.
For instance, Robins (1991) maintains that there
is no evidence of rickets in northern zones of
North Africawhere skin colour was presumably
dark —including among the Eskimos. It isfurther
argued that skin lightning in response to lower
UV is unlikely with the substantial storage of
vitamin D. Besides one also needs to consider
the effects of clothing of populations living in
northern latitudes where selection against dark
skin would be lessened and diet may contribute
morevitaminD.

As our ancestors moved from the tropical/
sub-tropical lower latitudes into temperate/ sub-
temperate higher latitudes, they also would have
been subject to colder temperatures. The medical
record evidences (mostly from the Korean war)
appear to suggest that the people with heavily
pigmented skin were more susceptible to frost
bite. The direct evidence, however, comes from
the animal studies that demonstrate that
melanocytesare more easily destroyed by freezing
than the rest of the skin cells. Cooling both light
and dark skinned areas of the same Guinea pig
showed that the dark skin of the guinea pig was
more susceptibleto frost bite. Frost biteisknown
to cripple hands and feet causing viability
problems; besides it also makes the body part
more prone to infections including gangrene,
which may befatal.

Social selection also seemsto play apart in
skin pigmentationin some populations (asin India)



HUMAN SKIN COLOUR, ITS GENETICS, VARIATION AND ADAPTATION: A REVIEW

whereskin colour isregarded to beimportant from
the point of view of matesdlection. Whiledark males
areavoided by fair skingirls, themales, irrespective
of the shade of their skin color, opt more often for
the lighter skinned females; this leads to what is
called as assortative mating positive among the
femalesand negative aswell as positiveamong the
males. Such a situation is sufficient to offset the
Mendelian mating pattern with respect to genes
contralling skin pigmentertion and aso the other
geneslinked to the skin colour genes; thismay have
far-reaching consequences on the population’s
genetic composition.

Selection - Relaxation in Human Skin Colour

Whileinthepre-civilized societies peoplewere
exposed to natural selection vis-avis their skin
colour and might have run the high risk for their
reproductive survival on this account, in the
civilized world the effect of natural selection was
relaxed particularly because of clothing, housing,
air-conditioning, lifestyle, skin protective
cosmetics, vitamin D therapy and improved hedlth
caresystem, etc. It isthusobviousthat under these
conditionsnatural selectionagainst dark/ light skin,
as the case may be, is likely to be substantively
reduced and minimized to agreat extent.

Social Implicationsof Variationin Human
Skin Colour

Human skin colour has also been the most
controversial human characteristic as sensitivity
to its variation (noticeable with naked eye)
aroused “racial” feelings and the subsequent
discrimination between the people — The White
and The Black; though going by itsclassification,
athird“race” namely, The Yellow too exists. The
characteristic had acquired a lot of political
overtone, though unfortunate and rationally
avoidable. Despite the best efforts of the right
thinking people the skin colour based discri-
mination, more commonly known as racial
discrimination, still persistsand at timesbecomes
abig problemin certain parts of the world.

No wonder that the skin colour still remains
one of the most important characteristic of
mankind for his honourable survival.
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ABSTRACT Human skin colour is the most studied characteristic of man and was responsible for the first racial
classification. Variation in it is chiefly due to variation in the melanin pigment in the melanocytes while haemoglobin,
carotene and melanoid marginally contribute to it. It is a polygenic trait and recent works suggest many genes working
together in very complex additive and non-additive combinations to influence its phenotypic expression. However,
skin tanning potential seems to be under the influence of fewer genes. Pre-pubertal increase in the melanin is a
consistent observation in amost all the populations studied so far. Selection favours high levels of melanin in areas
of high UV radiations. The political overtones of variation in skin colour have been devastating.
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