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SUMMARY

The genetics of asymmetry and diversity of finger ridge counts in man has been
examined by jointly regressing the individual counts of each hand on to the
mean values summed over left and right hands in a sample of twins. The resulting
asymmetry terms are largely under environmental control but with a small
significant genetic component. The diversity items show a larger degree of
genetic control with a suggestion of dominance or additive X additive epistasis.

1. INTRODUCTION

IT is well known that there is considerable diversity between the mean
ridge counts of individual fingers in man, with digits I and IV having the
highest counts and digits II and III the lowest (e.g., Holt, 1968; Sievogel
et al., 1979). Part of this diversity is confounded with differences in the
distribution of pattern types from finger to finger. There are also asymmetric
differences between corresponding fingers on the two hands, particularly
the thumb where the right hand count is usually greater than the left.

A number of authors have explored the genetics of individual differences
in ridge count diversity and asymmetry. Most have employed the so-
called diversit% index S/\/iﬁ first used by Holt (1958), where §i=
Y1242 —(Xq)%/10 and gq; - - - 10 are the separate digital ridge counts.
However, this index confounds differences due to diversity between the
five means of pairs of corresponding digits and to asymmetry within these
pairs of digits. In a family study of S/\%ﬁ, Holt (1960) found correlation
coefficients of 0-73 for MZ twins and 0:22 for DZ twins, sibs and also for
parents and offspring. It is clear that there is a substantial genetic component
in the inheritance of this index but although the collateral data suggest a
large non-additive genetic component, the parent-offspring correlation
should be smaller than the sibling correlation to be consistent with an
hypothesis of dominance. Epistatic interactions between additive gene
effects at different loci, however, would produce this pattern of correlations
(Loesch et al., 1982).

The compound nature of S/ V10 was recognised by Jantz (1974, 1976)
who defined separate diversity and asymmetry indices. He showed consider-
able racial variation in these indices, with hybrid values falling between
those of the parental races, and concluded that both diversity and asym-
metry were under partial genetical control.

1 Permanent address: Department of Genetics, Psychoneurological Institute, Warsaw,
Poland.
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Holt (1954) examined the genetics of the difference between right and
left hand total ridge counts. She found all familial correlations close to
zero and concluded that nearly all variation in asymmetry was environ-
mentally determined. In contrast, Singh (1970), using a slightly different
index of asymmetry, found heritabilities in the range 0-20-0-44.

In the present study, we derive a number of separate indices of diversity
and asymmetry from a joint regression analysis of the kind first introduced
by Yates and Cochran (1938) and developed by Perkins and Jinks (1968)
for the analysis of genotype X environment interaction. We then use the
classical twin design to examine their sources of variation.

2. MATERIALS AND METHODS

Finger ridge counts for 221 pairs of Polish monozygotic and like-sex
dizygotic twins were used in the analysis. The data and the sample are
described in detail elsewhere (Martin et al.,, 1982a).

(i) Joint regression analysis

The diversity index S/\/ﬁ, used by Holt (1968) and others, measures
deviations from the mean of an individual’s ten counts and neglects the
fact that there are characteristic population mean values for each finger.
A more interesting question is the extent to which an individual’s counts
deviate from the characteristic ranking of finger population means. Devi-
ations from this ranking may be congruent in corresponding fingers or
asymmetric.

For each individual we can carry out a joint regression analysis, the
five counts of each hand being the two sets of dependent measurements
(yi and y;r) and the population means for each finger, (summed across
both hands) the set of five independent values (x;). Different x;’s are used
for males and females.

Of course, the five x; values are not strictly independent since, instead
of population means, we use the total sample means for males and females.
These are given in table 1, separately for left and right hands and summed
over the two hands in both males and females. There are slight differences
in the ranking of fingers between hands but the ascending ranking of fingers,
summed over counts for both hands is 23 54 1 for malesand 253 4 1 for
females. For each individual we may now regress the two sets of five counts
on the male or female set of sample means:

Sample means Finger counts of /th individual
Left Right Sum
XL+ Xir yir Yir yir (=yw+yir)
Finger

1 X1 Vi Yir nir

2 . . . .

3

4

5 Xs ysL Ysr ysT
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TABLE 1

Mean finger ridge counts and s.e.’s for the twin sample

Males n =244
L1 17:00+0-39 R1 19:-54+0-35
L2 12:33+£0-39 R2 13:05+0:45
L3 13-84+0-36 R3 12:74+0-38
L4 17:76+0°33 R4 17:66+0-34
LS 14-30+0-29 RS 14:32+0-30
Left total 75:23 +1-41 Right total 77:31+1-45
Females n = 198
L1 15-32+0:42 R1 18:07+0-39
L2 11:48+0:47 R2 11:99+0-53
L3 12:71+£0-44 R3 12:63+0-41
L4 16:10+0-45 R4 16:27+0-41
LS 12:22+0:36 RS 12:34+0-40
Left total 67-82+1-78 Right total 71:29+1-75
Left and Right
Males Females
1 18-27 1 1669
2 12-69 2 11.73
3 13:29 3 12-67
4 17.71 4 16-18
5 14.31 5 12-28

This joint regression analysis yields the following terms.

Analysis of Variance

Item df Sum of Squares
(1) LvR 1 %5Cyr—-Zw)
. . (SPxyr)
2 t R 1 —
(2) Joint Regression 2551
2 2
(3) Heterogeneity 1 (SPxye) + (SPxye) -(2)
of regression SSx SSx
(4) Joint remainder 3 SSyr—(Q2)
(5) Heterogeneity 3  (SSy.—RegSS;)+(SSyr —Reg SSr)—(4)
of remainder
Where,
2
Regression SS; (Reg SS;) = (SP%;L—) (similarly for Reg SSz)
and

Ssyr =z - 220)

(SS denotes sum of squares, SP denotes sum of products).
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The five terms in the analysis of variance can be interpreted as follows:

(a) LvR. This estimates the difference between left hand and right
hand total ridge counts. It is similar to the character in Holt’s (1968)
analysis of asymmetry.

(b) Joint regression. This is the amount of variation in the ridge counts
of an individual which is accounted for by the finger ridge counts on both
hands having the same regression on the population means. i.e., the extent
to which an individual has the same order of counts as the average, this
pattern being the same in both hands. If this were the only significant item
in the analysis, a schematic plot of an individual’s counts against the
population means might resemble fig. 1(a).

(c) Heterogeneity of regression. The extent to which the separate
regression slopes for the left and right hands differ from the joint regression
slope is measured by the heterogeneity of regression. If this item and the
joint regression item only were significant a schematic plot might resemble
fig. 1(b).

(d) Joint remainder. If the counts of an individual differ from the joint
regression line, but with corresponding fingers on left and right hands
having the same deviations from average, then there will be a joint remain-
der term. This is illustrated in fig. 1(c) where the solid lines denote the
joint regression.

(e) Heterogeneity of remainder. Where differences in finger ridge counts
cannot be accounted for by regression, and the deviations from the
regression line are different in left and right hands, such differences will
contribute to the heterogeneity of remainder. This is illustrated in fig. 1(d).

Note that in fig. 1(c) and 1(d) we have assumed that there is no
heterogeneity of regression, in fig. 1(c) there would be no heterogeneity
of remainder and in fig. 1(d) there would be no joint remainder.

Of the five items we may regard the joint regression and joint remainder
items as measures of diversity, while the L v R and the two heterogeneity
items are measures of asymmetry.

This analysis has been carried out for each of the 442 individuals. While
it is valid to test the significance of all mean squares except the heterogeneity
of remainder, the degrees of freedom are too small to make this a useful
exercise. It is not valid to sum the mean squares from the individual
regression analyses in order to test their significance in the population but
nevertheless, the average mean squares are shown in table 2.

(ii) Genetical analysis of variation

Since none of the terms is negligible, we would like to dissect the causes
of each of the five types of variation in finger ridge counts. We know from

TABLE 2

Average values of mean squares from individual regression analyses

Males Females

n =244 n=198
R v L bias 11-88 11-14
Joint Regression 75-03 66-76
Heterogeneity of Regression 10-14 10-24
Joint Remainder 22:40 19-89

Heterogeneity of Remainder 7-98 9-38
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F1G. 1.—Illustration of items from joint regression analysis.

our previous analyses (Martin et al., 19824, b) that variation and covariation
of finger ridge counts are largely under genetical control. However, it is
possible that certain aspects of this variation, (e.g., diversity) are mainly
genetically controlled while others (e.g., asymmetry) are mainly environ-
mentally determined.
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Distributions of the individual mean squares are highly skewed and
more reasonable distributions can be obtained by taking the square roots
of the mean squares. Since we are interested not only in the magnitude of
right-left differences but also in their direction, the VR v L term was
given the sign of (R—L) and the heterogeneity of regression term was
given the sign of (bgr —b.) where br and b, are the regression coefficients
for right and left hands respectively. The distributions of these five transfor-
med variables are given in table 3, separately for males and females. Also
given, for comparison, is the distribution of S$/v10.

We investigate the causes of variation by fitting models to mean squares
using the method of weighted least squares. The method and the models
employed are described elsewhere (Martin ef al., 1981a). The model for
twin mean squares, with parameters for individual environmental variation
(Ew), additive genetic (Dr) and dominance (Hg) variation is shown in
table 4.

TABLE 4
Model for mean squares of twins reared together
E, Dgr Hg/Ip
MZ between 1 1 3
within 1 0 0
DZ between 1 3 3
within 1 ; E

Mean squares for the five transformed regression terms and for S/ J10
are given in table 5. Three models of increasing complexity have been
fitted to the data. The first tests the hypothesis that all variation is accounted
for by individual environmental differences (E,), i.e., there is no variation
attributable to differences between families (mean square b in table 5)
from any cause. Where this first model fails, as it will do if there are
differences between families, the second model (E, and Dg) tests the
hypothesis that all of the heritable variation is additive (Dg). Where this
model in turn fails the third model (E,, Dr and Hg) which extends the
heritable variation to include non-additivity (Hg) is fitted. Because the
expected contributions for dominance (Hy) and additive x additive epistatic
interactions (Ir) are completely confounded if only MZ and DZ twins are
available (Mather, 1974) our designation of the non-additive genetic vari-
ance here as Hpy is quite arbitrary. The results of fitting these three models
separately to the male and female data and jointly to all eight statistics are
shown in table 6. For a given model, the heterogeneity of the fit over sexes
can be calculated by subtracting the sum of the male and female chi-square
values from the joint chi-square and similarly for their degrees of freedom.

3. RESULTS OF MODEL FITTING
(i) RvL

Variation in total R v L asymmetry appears to be entirely environ-
mentally controlled in females but under partial genetical control in males.
The heterogeneity between sexes for the E,.Dg model is x5 =7-54. Herita-
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bility, calculated as 3Dg/(E,, +3Dg) is 0-52+0-08 for males but is not
significantly different from zero in females.

(ii) Joint regression

The fit of the E,.Dr model is homogeneous over sexes but it is barely
consistent with the data. There is a moderately high heritability of 0-64
for this model, but the model including dominance appears more appropri-
ate. The negative and non significant estimates of Dr and the large, positive
and significant estimates of H reflect the high negative correlation between
Dr and Hg when estimated from MZT’sand DZT’s. Since an environmental
difference between families (E, ) would have inflated Dg by 6 E, and deflated
Hp by 8E, it is clear that E,, which is not included in the model, must be
very small or zero.

(iii) Heterogeneity of regression

As with the R v L asymmetry item, the female data are consistent with
a purely environmental hypothesis while the male data indicate some degree
of additive genetical control with a heritability of 0-32 for this source of
asymmetry. There is however no difference between sexes, and combined
they give a low heritability of 0-25.

(iv) Joint remainder

The causes of variation are similar to those for joint regression. There
is a difference between sexes with a moderately high degree of genetic
control in males with a heritability of 0-66 and a much lower one in females
(0-26). There is also strong evidence that dominance/epistasis is important.
Again, however, Dg and Hpr reflect the high negative correlation between
them and the negative D and large positive Hg leave little doubt that E,
is very small or zero.

(v) Heterogeneity of remainder

The male data are consistent with solely environmental variation but
both male and female data are homogeneous in the adequacy of the E,Dgr
model and a heritability of 0-37.

(vi) §/V10

This has a pattern of variation very similar to that for the joint regression
and joint remainder items. The E,.Dr model is actually inadequate as an
explanation of variation in both sexes. The addition of dominance/epistasis
improves the fit of the model quite dramatically leading to the now familiar
pattern of a negative Dg and a large positive Hg reflecting once more a
negative correlation between the estimates and the absence of an E,
component.

4. DISCUSSION

Despite a number of inconsistencies in the results of model fitting,
particularly between males and females, several points emerge clearly. The
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three asymmetry items, Rv L, heterogeneity of regression and
heterogeneity of remainder appear to be largely under environmental
control. However, there does appear to be some genetical variation, more
so in males than in females, for each of these characters. Our results agree
with those found by Singh (1970) for his asymmetry index but contrast
with Holt’s finding that the total R — L value shows no genetical variation
at all. There is no evidence that genetical non-additivity plays a part in
any of our measures of left-right differences. Loesch and Swiatkowska
(1978) also found evidence for some genetic contribution to asymmetry
in the distribution of patterns on ﬁngers

Variation in R v L asymmetry is obviously a composite of variation in
asymmetry for each of the five fingers. It is possible that this variation may
be greater in some fingers than in others. It is also possible that the causes
~ of variation in asymmetry may differ from finger to finger, being largely
genetic for some and largely environmental for others. This possibility is
explored elsewhere (Loesch and Martin, 1982). However, it should be
noted that whatever the differences in size or causes of variation in asym-
metry, these bear no necessary relationship to the mean value of asymmetry
for a finger. Thus the fact that Jantz (1979) and others have termed the
asymmetry in the thumb counts “directional” (i.e., (R—L)>0) and in
other fingers “fluctuating” (i.e., (R —L=0) says nothing whatever about
the causes of variation in asymmetry for that finger.

On the other hand the measures of diversity, joint regression and joint
remainder from the regression analysis, and the diversity index, S/\/—l_a,
advocated by Holt, all show a greater degree of genetical determination.
However, in these variables the mean squares are anomalous in that (except
for Joint Regression in DZ males) the DZ within pairs mean squares are
all greater than their corresponding between pairs mean squares. We have
already noted that Holt’s DZ and sib correlations are very low in comparison
with the MZ correlations but in our case most of the rpz’s would actually
be negative although not significantly different from zero. This is incon-
sistent with a between family environmental component (E;) and it has no
ready explanation in terms of the genetical models considered here but
may be indicative of a high degree of genetical non-additivity such as
dominance, or more probably, additive X additive epistasis (Loesch et al.,
1982). If this is the case, then the results of this analysis are in agree-
ment with the univariate and multivariate analyses reported in our earlier
papers (Martin et al., 1981a, b). Dominance has also been invoked
to explain diversity of pattern type by de Wilde and Amesz-Voorhoeve
(1979). .

The genetical analysis of covariation between finger ridge counts {Martin
et al., 1982b) provided evidence for a number of independent genetical
factors determining the pattern of finger ridge counts. The action of these
genetic factors was not perfectly consistent on both hands. In the present
paper the same data has been analysed again by partitioning the available
degrees of freedom in quite different ways. It has perhaps shown even
more directly that variation in the ranking of finger ridge counts across
both hands is largely under genetical control. There is also a genetic
component in asymmetic variations between hands but environmental
factors are more important.
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