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ABSTRACT  Accessory triradii and the atd angle were examined via com-
plex segregation analysis in order to evaluate possible genetic effects on these
dermatoglyphic traits, ed in an Brahmin caste of penin-
sular India. The phenotypes considered included: presence of accessory palmar.
triradii a’ and d’, associated with the interdigital areas Il and IV, respectively;
presence of an accessory axial triradius tt’ associated with the proximal mar-
gin of the palm; and an arctanh-transformation of the atd angle measurement.
For all y triradii idered in the present investigation familial re-
semblance was evident. The most parsimonious model which could account for
the observed r blance was a multifactorial model that includes polygenic
effects as well as tra ible envir tal effects that are inherited in the
same pattern as polygenes. Evidence of familial resemblance was also found
for the arctanh-transformed atd angle, which could be attributed, initially, to
both a major effect and a multifactorial p t. Tests of transmission of a
putative major gene were performed which yielded resuits consistent with
Mendelian transmission, although an alternative test of no transmission of
the major effect also fit the data. In light of these contrasting results we are
precluded from accepting with confidence the notion of a major gene influence
on the atd angle. We have concluded that the accessory triradii a’, d’, and tt’,
and the atd angle are influenced by multifactorial effects, including additive
polygenes and possible environmental factors, such as intrauterine effects.

Washi

Four digital triradii are found characteris-
tically in the distal palmar region in man.
These triradii are situated in proximal rela-
tion to Lhe base ofdig‘its I, I, IV, and V and
are designated, in radio-ulnar sequence, a, b,
c, and d, respectively. In the mterdxgmd
spaces [I and IV additional triradii, termed
accessory triradii, may occur oocasnonally
These accessory triradii are most related to
triradii a and d and are designated a’ and d’.
Triradii 8’ and d’ occur usually alone on a
single palm; very rarely they may occur on
the same palm.
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The genetics of accessory triradii a’ and d’
were investigated by Bansal and Rife (1962),
who studied 63 families of Punjabi Khatris,
in which one or more family members exhib-
ited at least one accessory triradius or ves-
tige in interdigital area II. Bansal and Rife
concluded that the presence or absence of
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accessory triradii was under the control of a
single major locus with two alleles, in which
the presence of accessory triradii was domi-
nant. It is noted here that no further inv'is-

e
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(1954) remarked that the atd angle measure.
ment, if used as the only means of «jiagnosis
of Mongoloidism, would misclassify nnly 12%
of the affected individuals. Penrowe (1954)

ducted an investigation of the atd angle

tigations were made to
repeatability of the genetic results obtained
by Bansal and Rife, although Loesch (1971)
did not confirm their association between in-
terdigital loops II and IV.

Accessory triradii in another palmar area
have also been observed. Axial triradii (t) are
located in the interval between tl}e thenar

on a control population of 2,046 individuals
and on 235 Mongoloid probands and mem-
bers of their families. He concluded that one
or more genes which influence the «td angle
also affect the susceptibility to Mongnloidism

The purpose of this investigation is to ex:
amine the inheritance of the occurrence o

and hypothenar areas, corresp ana-
tomically to the narrow field aligned with
the axis of the fourth digit (Cummins and
Midlo, 1976). Axial triradii are located most

y triradii a’, d’, and tt’ and of the atd
angle. Complex segregation analvsis was
performed on family data derived from an

d Brahmin caste of peninsular

frequently at or near the proximal margin of
the palm, although they may occur as far
dista) as the center of the palm. On most
palms only a single triradius t occurs. On the
remaining palms more than one axial trira-
dius occurs; these additional triradii are des-
ignated accessory axial triradii (tt') (Cum-
mins and Midlo, 1976; Malhotra et al., 1981).
Incidence rates of accessory axial triradii
range widely depending on the population
surveyed. Low frequencies of the trait have
been observed in Oriental and Amerindian
populations (2-5%), intermediate rates in
American Black, Caucasian, and Asian In-
dian samples (5-18%), and higher rates in
Australasians (3-28%) (Plato et al., 1975a,b;
Steinberg et al., 1975).

Cummins (1939) demonstrated for the first
time a strong association between centrally
located axial triradii and Mongoloidism
(Down'’s Syndrome). The patterns in the pal-

India.
MATERIALS AND METHODS
Data and variables

The data have been described elsewhere in
considerable detail (Borecki et al., 1985). To
summarize, dermatoglyphic prints were
taken on 625 related individuals from an
endogamous population. Dermatoglyphic
prints were taken by the same investigators,
which minimized possible variation in mes-
surements. The family series consists of 125
nuclear families with 376 offspring. sampled
from the Telaganya Brahmin caste residing
in Waltair, Andra Pradesh.

Dermatoglyphic traits considered for anal-
ysis here include accessory palmar triradii &’
and d’, associated with the interdigital spaces
I and IV, respectively, the accessory axial
triradius tt’, and the atd angle, avernged over
both palms. The correlation betwe:n angle

mar hypothenar region are also intimately
related to the number and location of axial
triradii on the palm (Malhotra et al., 1981).
As yet, it is unknown whether or not the
occurrence of accessory axial triradii, irre-
spective of palmar location, is under genetic
control.

The designation of presence or absence of
accessory palmar triradii represents qualita-
tive phenotypes. The relative locations of tri-
radii may be quantified by measurement of
the atd angle (Penrose, 1949, 1954). The atd
angle is defined by Penrose (1954) as the an-
gle subtended at the most distal t triradius
by the most medial d triradius and the most
lateral a triradius on each hand. The size of
the atd angle has been shown to be related
closely to the presence or absence of the hy-
pothenar pattern, which has been found to
be a familial trait (Weninger, 1947). Penrose

ts of the right and leit palms
was 0.70. With regard to the accessory trira-
dii, the phenotypes considered are qualita
tive; an individual is considered affected il
an accessory triradius is present on at least
one palm. The incidence values for the var
ious phenotypes determined for the occessory
triradii in the T. Brahmin population and in
the Punjabi Khatris (Bansal and Rite, 1962)
studied here are presented in Table 1.

TABLE 1. Incid. of accessory palmar iriradii

Incidence

T. Brahmin Punjabi

Trait lati Khatris
o 0.15 (3]
Ly 0.34 0.38
&' and/or 4 0.38 0.6l‘

t 0.21 -

"Not studied by Banaa) and Rife (1862}
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The atd angle, measured in degrees, is not
a linear measurement, and therefore was
transformed to linear values prior to data
analysis: z = arctanh (46/x — 1) where
0 = atd angle in radians.

Five individuals with missing values were
excluded from analysis, leaving 620 valid ob-
servations. The arctanh-transformed atd an-
gle, standardized to zero mean and unit
variance prior to analysis, demonstrated sig-
nificant skewness and kurtosis.

Commingling analysis

Commingling analysis is used to distin-
guish between spurious skewness and mix-
tures of distributions. MacLean et al. (1976)
suggested the use of a power transformation
to remove the effects of skewness, since spu-
rious skewness may be interpreted as a mix-
ture of distribution due to a major locus.
Thus, the use of a power transform provides
a more conservative test of the major gene
hypothesis.

For a standardized score x, the power
transformed score y is given by

-

where the constant r is chosen such that
every (x/r + 1) is positive. The computer pro-
gram SKUMIX estimates the value of p un-
der the assumption of one, or a mixture of
two or three distributions.

Parameters of the model are estimated by
the method of maximum likelihood, and tests
of hypotheses are carried out using the like-
lihood ratio test. The test criterion, given by
twice the difference between the log-likeli-
hoods of a pair of compared hypotheses is
distributed asymptotically as a chi-square
whose degrees of freedom are equal to the
difference in the number of parameters esti-
mated in the two models.

For the average, arctanh-transformed atd
angle, a power transformation value was es-
timated after the variable was standardized
to mean zero and unit variance under the
assumption of a single distribution.

rip[(xr + VP = 1),ifp % 0
rin(x/r + 1),ifp=0

Segregation analysis

Segregation analysis was performed using
the unified mixed model, implemented in the
computer program POINTER (Lalouel et al.,
1983; Lalouel and Morton, 1981; Morton and
MacLean, 1974). This model assumes that a
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trait y results from one or more of three
sources: 1) a major transmissible effect, g,
(which may or may not be a Mendelian gene);
2) a multifactorial transmissible component,
¢; and 3) a random, nontransmitted environ-
ment, e, withy = g + ¢ + e. These three fac-
tors are assumed to be independently
distributed. Factors ¢ and e are assumed to
be normally distributed, N(0,C) and N(0,E),
respectively. The major effect is modeled as
a single locus with two alleles A and a, lead-
ing to three genotypic classes. The prior prob-
ability of allele a in the reference population
is q. The distance between the two homozy-
gous means on the scale of y is called t, the
displacement. The position of the heterozy-
gous mean relative to both homozygous
classes is represented by d, the dominance
parameter. The expected value of g i3 u, the
overall mean. The variance of y is denoted
by V such that V= G + C + E, where G is
the variance due to the major effect. Multi-
factorial heritability is defined by H = C/V.
Thus, in the mixed model, as used here, there
are six parameters under the assumption of
Mendelian transmission of the major effect:
V, ud, t, q, H. In the analysis of qualitative
traits V and u are fixed, arbitrarily to 1 and
0, respectively. However, specification of the
unified mixed model also requires the defi-
nition of transmission rules from parent to
offspring. Random mating is assumed. The
transmission probabilities 71, 75, and 73 de-
note, respectively, the probabilities of the
genotypes AA, Aa, and aa transmitting the
A allele. Under Mendelian transmission,
7y = 1, 713 = /2, and 73 = 0. These transmis-
sion probabilities are also estimable.

Parameters are estimated by the method of
maximum likelihood, and null hypotheses
are tested using the likelihood ratio crite-
rion. Setting all parameters but the mean
and variance to zero provides a test of no
familial transmission. The hypothesis of no
major effect correspondstod =t =q =0; H
is fixed at zero for the test of no multifacto-
rial heritability. If a major effect is inferred,
it is important to test for Mendelian trans-
mission before concluding that the major ef-
fect is a major gene. This test may be
performed by iterating rp, or more generally,
by iterating all three transmission probabil-
ities, in addition to the other relevant param-
eters of the mixed model. A test of no
transmission of a major effect may also be
conducted by constraining the three trans-
mission probabilities to be equal.
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RESULTS
Accessory triradii

Sex differences in the incidence of acces-
sory triradii were observed for the accessory
a' triradius (right palm) and the accessory
axial triradius (left palm). Over both sexes,
significant differences were observed be-
tween the left and right palms for the acces-
sory a' and d’ triradii. Segregation analysis
was performed using sex-specific incidences
or on each palm separately, if sex or palm
differences in incidences warranted special
analyses. n order to present results in a con-
cise and consistent manner, analyses of the
phenotype defined as presence on at least one
palm, without regard to possible sex differ-
ences, are presented, since the results of both
analyses were qualitatively comparable.

The results of segregation analysis of the
accessory triradius a’ are presented in Table
2. The data are best fit by a multifactorial
model (d = t = q = 0). No significant im-
provement in the likelihood could be achieved
by the addition of the parameters which de-
scribe a major effect.

For the accessory triradius d’ although a
dominant model has the best likelihood (Ta-
ble 2), a more parsimonious model, with only
a multifactorial component fits the data
equally well.

When affection status is considered as pres-
ence of the a’ and/or d’ accessory triradii
(Table 2), the significant evidence for familial
resemblance is explained most parsimo-
niously by a multifactorial component.
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Segregation analysis of the accessory axial

triradius tt’ yields evidence for familial re.

bl again ble by a multif
torial component. The major gene model
leads to no significant improvement in the
likelihood. A converged solution for the
mixed model was unobtainable for thes
data.

In their analysis of 53 nuclear families,
Bansal and Rife (1962) had concluded that
presence of accessory palmar triradii located
in the second and fourth interdigital areas
(a’ and d’) was influenced by a single domi
nant gene with incomplete penetrance. Be
cause of the discrepancies in the results of
analysis of our data and of those reported by
Bansal and Rife (1962), segregation analysis
of the data studied by Bansal and Rife was
undertaken employing the unificd mixed
model, and results are presented in Table 3.
For the accessory triradius a’ the data best
fit a recessive model, although the most par.
simonious model which accounts for the ob-
served resemblance is a model with only a
multifactorial component. Significant evi.
dence is found for familial resemblance. For
the presence of a’ and/or d’ accessory triradii,
the hypothesis of no familial rescmblance
cannot be rejected.

Average atd Angle

Commingling analysis performed under the
assumption of a single distribution yields sig-
nificant evidence of skewness (x;2 = 10.60)
The power transform value estimated under

TABLE 2. Complex segregation anolysis of accessory palmar triradii in T Brahmin population

Trait
8 d
Hypothesis =2nL + C d t q H —2InL + C d t q R
Mixed model 1.96 078 204 025 013 000 1.00 141 028 00
No familial
resemblance 271.13 o © 0) ) 34.45 (V] (O] (] ®
No major
effect 0.00 ) 0 ©0) 0868 9.54 (0) (V] (0} 0.63
No multifactorial
component 207 076 285 021 (0 0.09 100 142 028 O
a’ and/or d’ w
Mixed model 0.00 100 148 028 001 -?
No familial
resemblance 51.62 ) (] ©) [0)] 11.28 (V] ()] o ]
No major
effect 121 ()] 0) (V) 080 032 () ) o 04
No multifactorial
component 0.08 093 168 027 (0) 0.00 084 199 038 (0

!Paramoters set in parenthesis were fixed at valus shown.
TUnable to obtain convarged solution.
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TABLE 3. Complex segregation analysis of accessory palmar triradii in Punjabi Khatri population (data from
Bansal and Rife, 1962)

Trait
a' 8’ and/or &'
{ypothesi. -2InL + C d t q H -2InL + C d t q H
Mixed model.
d=0 0.00 O 306 08 028 0.00 © 814 012 000
Mixed model,
d-1 2.64 [0V 293 100 068 340 (I 117 037 001
Na fomilial
resemblance  19.31 ) (0) 0} () 5.96 © O ©) (]
No major
effect L. 0 ©0) (0 086 328 © o 0) 0.31
No multifsctonial
component 1.4 ()] 149 048 (0 2.16 0 247 039 (0)
'Paramelers st 113 parentheses were fixed st value shown.
TABLE 4. Complex segregation analysis of arclanh-transformed overage atd angle
Hypothesis -2InL + C v u d t q H n 12 T3
Mendelian
mixed model 0.00 148 046 000 687 011 042 (V' (12 (O
No familial
transmission 140.66 117 0.08 (0) ©0) (] (V] - - -
No major
effect 80.87 138 074 (© 0 (] 071 - - -
No multifactorial
component 60.61 257 041 0156 687 020 (0) ) w2 (0
=12 -1.64 182 061 000 675 013 038 (D 069 (0)
Generalized
transmission ~1.65 162 047 000 662 012 041 091 100 100
No Mendelian (ransmission
73 constraind to be equal  —0.222 156 047 000 678 011 041 093 093 083
'Pnnmﬂfu scUin parentheses were fixed at value shown.
"Note: This morlel 13 compared with the model in which all three issi ibilitias are d

the assumption of a single distribution is
0.79. The value is used to remove skewness
in the average atd angle prior to segregation
analysis; thus, more conservative tests of ge-
netic hypot heses are achieved.

Segregation analysis was performed on
both untransformed and power transformed
data and on each palm separately. Only the
results of the analysis of the power trans-
formed dat» averaged over both palms is pre-
sented herc because both sets of analyses led
to qualitatively similar conclusions. Param-
eter estimates and model likelihoods are pre-
sented in Tuble 4.

Significant evidence is_demonstrated for
familial resemblance (x4° = 140.66), for a
major effect (x52 = 80.87) and for a multifac-
torial component (x;2 = 60.61). Tests of
transmisgion were performed to evaluate
whether or not the major effect behaved as a

major locus. The test of the transmission
probability, 75, the probability that an Aa
heterozygote transmits the A allele, yields
no significant difference from Mendelian ex-
pectations (x;2 = 1.64; 7, = 0.687). Simulta-
neous estimation of all three transmission
probabilities also gave results consistent with
Mendelian transmission (x3° = 1.65), al-
though the estimates of the transmission pa-
rameters appeared to be curiously non-
Mendelian (r; = 0.91, 73 = 1.00, 73 = 1.00).
An additional hypothesis of no transmission
of the major effect was also carried out by
constraining the three transmission proba-
bilities to be equal. Hypothesis testing is
achieved by comparing the likelihood of this
model with that of the model where all three
transmission probabilities are estimated. The
hypothesis of no transmission could not be
rejected (x,2 = 0.22). The common tranamis-



122

sion parameter was estimated at 0.93. Thus,
we cannot conclusively demonstrate that a
single major locus influences the atd angle
measurement.

DISCUSSION

Various investigators have examined the
inheritance of accessory triradii and the atd
angle (Bansal and Rife, 1962; Penrose, 1949,
1954; Weinand, 1937; Weininger, 1935). All
studies suggested that genetic factors influ-
ence the expression of these phenotypes.
However, as Loesch (1971) points out, the
conclusions put forth by the series of studies
are i t. Some studies suggest major
gene effects, with varying degrees of pene-
trance, while others support polygenic inher-
itance.

The purpose of the present investigation is
to examine the inheritance of accessory tri-
radii and the atd angle via complex segrega-
tion analysis. We incorporate several tests of
Mendelian segregation of putative major loci,
thereby challenging detectable major effects
to comply with known biological rules of
transmission.

Analysis of the accessory triradius a’ dem-
onstrates that the observed familial resem-
blance may be attributable to a multifactorial
component. Significant evidence for a multi-
factorial component is found also for the ac-
cessory triradius d'. Segregation analysis of
the accessory axial triradius tt’ yields signif-
icant evidence for familial resemblance, also
attributable to a multifactorial component.

When the phenotype is considered as the
presence of either an accessory triradius a’
and/or d’, significant evidence for familial
resemblance is obtained, which is best ac-
counted for by a multifactorial component.
Bansal and Rife (1962) concluded, however,
that the presence of these accessory triradii
was determined by a dominant allele with
88% penetrance, a conclusion that we could
not replicate with their own data. This dis-
crepancy may be attributable to the fact that
the sample of Bansal and Rife (1962) was
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size the utility of the tests of tranamission ta
guard against false inference of a major lo-
cus. Therefore, we elected to employ the
power transformation of MacLean et al
(1976) to remove the significant skewness de-
tected in the commingling analysis of the
arctanh.transformed average atd anyle. Sig:
nificant evidence was found for both a poly-
genic component and for a major effect. Itis
emphasized here that even simultan-ous es
timation of all three transmission prbabili-
ties lent evidence consistent with Mendelian
transmission. However, non-Mendelian trans
mission was also compatible with ti-e data.
Thus, we cannot confidently accept the by-
pothesis of a major gene.

We conclude that the etiology of a: cessory
triradii are influenced by additive p«-'ygenes
with heritabilities in the range of 44-86%.
Estimates of heritability are obtained in seg-
regation analysis under the assumption of no
major effect (d = t = q = 0). Possibly individ.
ual-gpecific environmental factors, such as
intrauterine effects, influence these pheno
types as well. It is not apparent, thou;h, that
major genes are involved significantly in the
genetic etiology of these traits.
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