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ABSTRACT Skin reflectance was measured on the inner upper arm and fore-
head of a sample of 209 Mestizos ranging in age from 2 to 64 years living in the
town of Lamas in the Eastern Peruvian Lowlands. The sample consisted of 43
father-son, 42 father-daughter, 62 mother-son, and 70 mother-daughter pairs.
The sample also consisted of 57 brother-brother, 60 sister-sister and 139 brother-
sister pairs. The reflectance measurements were made with a Photovolt Reflection
Meter, model 670. Stepwise polynomial regression techniques were used to derive
standardized residual values. Then using these residual values parent-offspring,
sibling intraclass correlations and components of the phenotypic expression of
skin reflectance were calculated. The study indicates that 1) the parent-offspring
and sibling correlation coefficients conformed with the theoretical correlations
expected assuming polygenic inheritance; 2) the husband-wife correlations in-
dicate a high degree of assortative mating for skin color, but despite this effect
the parent-offspring and sibling correlation coefficients are lower than the values
expected under the infiuence of autosomal genes; 3) estimates of heritability and
components of phenotypic expression indicate that about 55% of the total vari-
ability in skin reflectance could be attributed to the influence of additive genetic
factors; and 4) there is no evidence of X-linkage in the inheritance of skin color.

The main approach for studying the inher-
itance of quantitative traits is the study of re-
semblance between relatives. The degree of
resemblance between relatives in metric traits
is measured by the heritability (h2). The her-
itability of a character expresses the propor-
tion of the total phenotypic variance (V) that
is attributable to the additive (average) effect
of genes (V,); that is h> = V,/V_. Estimates
of heritability are based on the assumption
that the total phenotypic variance of trait (V)
is equal to the sum of genetic additive variance
(V,), common environmental variance (Vg,),
and within family environmental variance
(Vgw). Human biologists have used this ap-
proach to estimate the genetic and environ-
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mental components of anthropemetric traits
but little attention has been given to skin
color.

Skin reflectance measurements have been
used to ascertain the degree of racial admix-
ture among native and nonnative Mexican
populations (Lasker, 1954), African blacks,
and European whites (Barnicot, 1958; Harri-
son and Owen, 1964; Harrison et al., 1967).
However, because of the lack of family data,
the degree of heritability and the components
of phenotypic expression in skin color have not
been defined yet. For this reason, in this study
of a Mestizo population living in the Peruvian
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Eastern Lowlands, we have analyzed the her-
itability and components of phenotypic expres-
sion of skin reflectance measurements.

METHODS AND MATERIALS

Sample

The subject population was drawn from the
town of Lamas in the Department of San Mar-
tin, Peru. The 1961 Peruvian census indicates
that the population of the district of Lamas
was 12,866, of whom 7,139 inhabitants were
located in the central town of Lamas and 5,727
people were distributed among the aggregated
native-owned settlements. The town of Lamas
is 1,320 m above sea level, making it one of
the highest populated locations in the Province
of Lamas. The climate is that of moderate heat
stress, the average annual temperature being
about 27°C with a relative humidity of about
50%.

The population of the town consists of two
distinct and separate ethnic groups: the indig-
enous Quechua and the Mestizos. The Mestizos
are descendants of Spanish-speaking inhabit-
ants who settled in the region during the co-
lonial period and founded the town of Lamas
in 1650. Mestizos from the Peruvian coast and
highlands have also contributed to the popu-
lation of the town. This Mestizo population is
of a variable Spanish and indigenous admix-
ture.

The sample consisted of 209 Mestizo subjects
ranging in age from 2 to 64 years, of whom 94
were males and 115 were females. The sample
included 65 parents with a total of 144 off-
spring. From this sample a number of parent-
offspring and sibling pairs were formed. The
parent-offspring sample consisted of 43 father-
son, 42 father-daughter, 85 father-offspring,
62 mother-son, 70 mother-daughter, and 132
mother-offspring pairs. The sibling sample
consisted of 57 brother-brother, 60 sister-sis-
ter, and 139 brother-sister pairs. The ages of
all subjects were derived from birth records
provided by the school official of Lamas or the
parents themselves.

Measurements

The skin reflectance readings used in this
study were obtained with a Photovolt Reflec-
tion Meter, model 670. Reflectance readings
were obtained from five filters identified as red,
triamber, trigreen, triblue, and blue. These
filters have transmission peaks of approxi-
mately 670 nm (red), 600 nm (triamber), 550
nm (trigreen), 450 nm (triblue), and 420 nm
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(blue) (Hunter, 1942; Conway and Baker,
1972). Two sites were measured on each sub-
ject: 1) the inner upper arm distal to the ax-
illary region of the arm; and 2) the forehead,
directly on the glabella. On each subject at
least two readings were averaged for each site
with each filter. About 15 minutes prior to the
measurements all subjects were thoroughly
cleaned with cotton and alcohol on the two
sites. The study was conducted during the
month of July 1974. Intercorrelations among
all the five filters ranged from 0.85 to 0.95 for
the upper inner arm and from 0.79 to 0.92 for
the forehead. Furthermore, the correlation
coefficients between the first and second read-
ings in all five filters exceeded 0.95. These data
indicate a good degree of reliability and repl-
icability in the measurements of skin reflec-
tance.

Analysis

Parent-Offspring and Sibling Correlations.
Asshown in Table 1, the skin reflectance meas-
urements indicate a rapid darkening from in-
fancy to beginning teens, followed by a
lightening trend through adulthood. In view
of these changes in skin reflectance readings,
it was necessary to obtain a value that is not
affected by age and permit direct estimates of
parent-offspring and sibling relationships. For
this purpose stepwise polynomial regressions
of reflectance readings on age were calculated
for each sex. From these polynomial regres-
sions we chose the regressions that gave the
best fit to the data. Then, based on these poly-
nomial regressions the skin reflectance read-
ings were predicted for each sex and each in-
dividual value was expressed in terms of its
distance from the predicted regression line.
These residual values, rather than the raw re-
flectance readings, were used to determine the
correlation coefficients between parents and
offspring and sibling pairs. As shown in Table
1 the skin reflectance measurements at the fo-
rehead in males and females are significantly
lower than the skin reflectance at the upper
inner arm. These differences are related to the
fact that the effects of exposure to solar radia-
tion at the forehead are greater than on the
inner upper arm. For these reasons, the anal-
ysis of heritability of skin color is based only
upon measurements of skin reflectance at the
upper inner arm.

Heritability. As indicators of heritability
(h®» midparent-offspring regression coeffi-
cients were calculated using the residual val-
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TABLE 1. Mean and standard deviations of percent skin reflectance measurements of mestizo
samples living in the Eastern Peruvian Lowlands

Age group Mean Inner arm
(years) age
Red Triamber Trigreen Triblue Blue
Mean S.D. Mean SD. Mean SD. Mean SD. Mean SD.
Males
2-4.9 4.0 2 570 14 422 48 355 49 225 21 295 49
5-7.9 62 18 514 33 336 39 273 39 157 3.0 224 32
8-10.9 87 18 488 27 319 32 252 29 140 24 207 28
11-13.9 11.7 18 487 35 299 6.8 241 33 142 43 197 3.2
14-16.9 148 10 486 39 306 48 241 38 135 32 192 34
17-19.9 17.5 4 518 38 343 51 270 47 162 44 230 54
30-62.9 433 24 540 41 368 55 295 54 188 55 248 55
Females
2-4.9 3.0 4 518 31 350 36 292 43 178 45 238 55
5-7.9 60 21 502 20 320 24 248 36 143 15 207 16
8-10.9 89 17 497 37 317 37 245 42 146 25 208 29
11-13.9 119 17 488 43 313 55 246 47 139 33 199 39
14-16.9 15.4 8 494 44 319 54 248 55 144 44 201 44
17-19.9 17.5 4 540 12 375 09 298 05 185 17 250 08
24-58.9 373 41 504 42 336 46 265 50 155 38 221 39

ues for skin color. These midparent-offspring
regression coefficients should be relatively un-
influenced by assortative mating (Falconer,
1967). In addition, using the parent-offspring
correlations (r,,) and the correlation between
husband and wife (ruw), estimates of herita-
bility expected under panmictic conditions
(ho® were calculated according to the proce-
dures of Fisher (1918) and applied by Susanne
a977:

h?(1 — Mg)
ho® = 1 - h®Mg
2r
2 . 2P0
where h T+ M,

where My _ the correlation coefficient
between husband and wife (ryw), and

Mg = h? x M,.

The advantage of this method is that it re-
moves the effect of assortative mating in skin
color from the estimates of heritability.

Components of Phenotypic Variance. As
part of the analyses of sibling relationships,
intraclass sibling correlation coefficients were
calculated. For this purpose, using the residual
values, the variability in skin reflectance
measurements were partitioned into four com-
ponents: between fathers (og?), between moth-

ers (ou®), between sons (og?), and between
daughters (os?). These calculations were done
taking into account the effect of unequal fam-
ily sizes (Sokal and Rohlf, 1969). Then, with
these variance components, the percent addi-
tive genetic variance (V,), common environ-
mental variance (Vg¢), and within-family en-
vironmental variance (Vgw) that contributed
to the total phenotypic variance (V) were cal-
culated according to Falconer (1967).

Vo = Va + Vic + Vew where Vu
4 o’F; Vgc

o?F — o?M; and Vgy

a?S + o°B — 207F.

RESULTS

Il

Correlation coefficients

Table 2 gives the correlation coefficients be-
tween husband and wife, parent and offspring,
and the intraclass sibling correlation coeffi-
cients in skin reflectance measurements. From
these data the following are evident: 1) All
correlation coefficients are significant at the
0.05 level or better; 2) the mother-daughter
correlations are systematically higher than
the mother-son and father-son correlations; 3)
the sister-sister intracorrelations are system-
atically higher than the brother-brother and
brother-sister correlations; 4) the sibling cor-
relation coefficients are lower than the values
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expected under additive autosomal genetic in-
fluence; 5) the mother-daughter and mother-
son correlation coefficients approach the val-
ues expected under additive autosomal genetic

4 . .
X w08 influence; 6) the mother-daughter correlations
£ %T - | KRIFRI also approach the values expected under the
o % ececese effect of additive X-linked genes but the
g e mother-son correlations are much lower than
S PE o © b expected; 7) except for the father-daughter cor-
s |3R.| S 3 J3n22 relation for the blue filter, the parent-offspring
2 Qo z correlations do not approach the values ex-
g 5 5 & g = 22358 pectec} under additive autosomal or X-linked
S 2% e S & ag3ag inheritance; 8) the parent-offspring correla-
3 . f tions are greater than the sibling intraclass
§ ) E’ i o o DO o correlations.
® 28, B B AN R @ L
§ EE, s o sssSoo Heritability
8 - As shown in Tables 3 and 4, the estimates
E BER ° O~ © w0 ® of heritability in skin reflectance derived from
3 _5.5 el - Sa333 parent-offspring correlation coefficients ad-
< |E%% justed for the effect of nonrandom assortative
2 & mating are similar to the heritability esti-
23 g 283 - oo mates derived from the midparent-offspring
3% |5 C NI S 3328 regression coefficients. As indicated by the
€ CBE: = midparent-offspring estimates heritability in
8 s | skin reflectance ranges from 51% to 63%. In
§5 (8.8 - 1285 other words, it appears that about 57% of the
S5 |88 %1 3 IeIze total variability in skin reflectance can be at-
S A tributed to additive heritability.
A > .
g § s8e Components of phenotypic expression
[ . . -
SR (S - 2 2 BER82 The components of phenotypic expression in
IR S © cococo : .
25 |23z skin reflectance at the inner upper arm are
g,‘i L8 summarized in Table 5 and illustrated in Fig-
s£l48 | B & T9N8S ure 1. From these results it is evident that
B3 |2y c ° ececee additive genetic variance accounted for about
K e 56% of the total phenotypic variability, com-
2 sz™ 2 o N® YO mon environment contributed about 2%, and
= E®n - e o M0 0B Y . ; I
2 = 3z s <o coccco within-family environment the remaining
% g 42%.
b
s S5~ 8 | 3¥R9Y5
8 S8, S coooc
HEEIE: $3
é _g £ N | ‘ 5 3 28 |53 TABLE 3.‘Percent herita{)ility estimates ( %h?) Aderiued
% E] B Soocos |weao from midparent-offspring correlation coefficients,
5 o3} Z s2 adjusted for the effect of nonrandom assortative
'g}, £8 mating, in skin reflectance at the inner upper arm of
% < B w tE Mestizo samples living in the Eastern Peruvian
- g = 3 é ,?_2 Lowlands
g g3 3 G EE
£ <2 g g ¥z 8 Midparent- Midparent-  Midparent-
~ E] 2 @ E g g;_g ]R8 son daughter offspring
Iy E;rsg:sgg Eng o N =38 N = 38 N =176
] gg 8 2 B & gREEEn ' %h? %h? %h?
E < < W E 8 P
= =i Red 64.7 438 57.0
Triamber 63.8 47.6 56.0
Trigreen 55.3 35.2 47.2
Triblue 47.5 51.5 484

Blue 56.2 453 51.8
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TABLE 4. Percent heritability estimates, %h?, derived from midparent-offspring
regression coefficients in skin reflectance at the upper inner arms of Mestizo samples
living in the Eastern Peruvian Lowlands

Midparent-son Midparent-daughter Midparent-offspring
N =38 N = 38 N =176
b = SE. %h? b + SE. %h? b + SE. %h?
Red 0.53 = 0.18** 53.0 0.35 = 0.18 350 047 + 0.13** 470
Triamber 0.76 + 0.23** 86.0 0.39 + 0.15* 39.0 0.63 + 0.14* 63.0
Trigreen 049 + 0.15** 49.0 031 * 0.17 31.0 042 = 0.11** 42.0
Triblue 047 + 0.15** 47.0 041 * 0.12** 410 045 = 0.09** 45.0
Blue 0.51 = 0.14** 51.0 0.40 + 0.14** 40.0 0.47 = 0.09** 47.0

*P < 0.05; **P < 0.01.

TABLE 5. Estimates of the percentage contribution
of additive genetic variance (V,), common
environmental variance (Vgo), and variance within-
family environment (Vgw) to phenotypic variance
(V) in skin reflectance of the inner upper arm of
Mestizo samples living in the Eastern Peruvian
Lowlands

Components of phenotypic
variance (Vp)

—

Components of Phenotypic Variation

in
Skin Color

Vo= Vat Vec* Vew

ADDITIVE VARIANCE
{Va)=56.1% (46-64%)

VARIANCE WITHIN FAMILY ENVIRONMENT
(Vew) =42.3% (33-43%)

Va® Ve (B  View (%)
Red 58.7 1.3 40.0
Triamber 46.4 1.4 52.2
Trigreen 55.8 1.0 43.2
Triblue 59.2 24 384
Blue 63.9 23 338
Weighted average 56.1 1.6 423
DISCUSSION

In general, both the parent-offspring corre-
lations and the sibling intraclass correlations
are of similar magnitude to those derived from
metric characters. This finding supports the
hypothesis that the pattern of heritabilities in
skin color, like that of metric traits, is poly-
genic. However, the estimates of heritability
and analyses of the components of phenotypic
expression indicate that additive genetic fac-
tors accounted for about only 55% of the var-
iability in skin reflectance. Furthermore, the
parent-offspring and sibling correlation coef-
ficients are lower than the values expected
under the influence of additive autosomal
genes. Therefore other forms of inheritance
might account for the variability in skin color.

For example, if dominance and epistasis are
involved in the expression of skin color, the
parent-offspring correlations will be reduced

Fig. 1. Components of phenotypic expression in skin
color of Peruvian Mestizos. Note that of the total phenotypic
variance (V) in skin color 56% is due to the effect of additive
genetic inheritance (V,), 42% is due to the variance within
family environment (Vgyw), whereas 2% is due to variance
of common environment (Vgc).

and hence the heritability would be underes-
timated. In theory in the absence of dominance
the parent-offspring correlations is expected
to be less than that of the sibling correlations.
However, in the present study, the reverse is
found; the parent-offspring correlations are
higher than the sibling correlation. Another
way of testing the influence of dominance fac-
tors is to evaluate the regression of offspring
values on parental values. For this reason, we
have calculated multiple regression coeffi-
cients between the skin reflectances of the
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TABLE 6. Multiple regression equations of father (x,) and mother (x2) on offspring (y) skin
reflectance readings at the upper inner arm for test of dominance among Mestizo samples from

lamas

y = a + bix; + boxy + bsx;x;, N = 76

Red

0.89 + 0.39x; + 0.34x; — 0.10x)x;

y =
Triamber y = 0.52 + 0.38x; + 0.37x; — 0.05x;x;
Trigreen y = 0.97 + 0.28x; + 0.29x; ~ 0.06x;x;
Triblue y = 0.96 + 0.30x; + 0.18x; — 0.04x;x;
Blue y = 0.76 + 0.21x; + 0.30x, — 0.02x;x,

father, mother, and offspring according to
Fisher and Gray's method (1937):

vy = a+ bx, + b.x, + bix;x,,

where y = the offspring’s skin reflectance,

a = the y-intercept; x, = the father’s skin
reflectance;

X, = the mother’s skin reflectance; b; = the
regression coefficient of the father; b, =
the regression coefficient of the mother;
b; = the regression coefficient for the
product of the father’s and mother’s skin
reflectance.

In this case b represents the nonadditive fac-
tor of the parental influences. A positive b,
term implies a negative bias in dominance
where the heterozygote more nearly resembles
the smaller than the larger homozygote. A
negative by term corresponds to a positive in-
fluence of dominance. As shown in Table 6, the
b; coefficient for all five filters is negative, sug-
gesting that dominance in skin reflectance
plays a minimal role. These findings support
the inference that if dominance operates in the
expression of skin color it must be evenly bal-
anced (Harrison and Owen, 1964). However,
it is quite possible that dominance is involved
in the expression of alleles at one or more loci,
so that polygenic heterozygotes can have a
greater expression of skin color than the pa-
rental polygenic homozygotes. Further inves-
tigations of large samples are required to clar-
ify the role of dominance in polygenic
inheritance. To clarify this point there is a
need to evaluate the skin reflectance of off-
spring with respect to parental types of skin
color. For example, comparing the skin reflec-
tance of offspring where one of the parents is
dark and the other is light can indicate the
direction of dominance. Unfortunately, the
small number of parents included in the pres-
ent study does not allow for an adequate anal-
ysis of the results of different parental crosses.

In theory, as pointed out by Mather and
Jinks (1963), when a given trait is under the
influence of X-linked additive genes, the
mother-son (or father-daughter) correlations
are expected to be greater than the mother-
daughter and father-son correlations. Simi-
larly, the sister-sister correlations are ex-
pected to be higher than the brother-brother,

which in turn are expected to be higher than
the brother-sister correlations. The data in the
present study demonstrate that the father-son
correlations are similar to the father-daughter
correlations and the brother-sister correla-
tions are no less than the brother-brother cor-
relations. These findings suggest that the
expression of skin color is not under the influ-
ence of additive sex-linked genes.
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