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On the genetics of mandibular prognathism:
analysis of large European noble families

G Wolff, T F Wienker, H Sander

Abstract
Mandibular prognathism is assumed to
be a polygenic trait in the vast majority
of cases. In a few families, this phenotype
and perhaps a syndrome with a broader
spectrum of facial anomalies seems to be
determined by a single dominant gene
of very low frequency (McKusick No
*176700). The phenotype is known to have
occurred independently in several Euro-
pean noble families. We constructed a
pedigree comprising 13 of these families
with 409 members in 23 generations in
which mandibular prognathism has been
segregating. Obviously, the presumed
dominant gene is not fully penetrant in
the heterozygous state. Pedigree analysis
using the Elston-Stewart algorithm
yields a maximum likelihood estimate
(MLE) of p = 0 955 (SE 0-038) of the pene-
trance parameter.
(J Med Genet 1993;30:112-16)
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Mandibular prognathism (McKusick No
*176700) is one of the best known examples of
a facial genetic trait in humans. According to
the classification of Angle,' this phenotype
corresponds to class III skeletal malocclusion,
the frequency of which in children was found
to be in the range of 0 5%2 to 2 7%,3 and in
mixed and permanent dentition in the range of
2 to 4% with a slight preponderance of affected
males.45 A wide range of environmental factors
has been suggested as contributing to the de-
velopment of mandibular prognathism,6 but
the observation of familial aggregation lends
support to the hypothesis that heredity plays a

substantial role in the aetiology. Numerous
studies have shown a significantly higher inci-
dence of this phenotype in the relatives of
affected probands.-'0 In the offspring of affec-
ted parents, extensive studies of Japanese
families showed a frequency of 18% if the
mother was affected, 31% if the father was

affected, and 40% if both parents were affec-
ted.7"1 In sibs of affected probands, Litton et

a16 found a frequency of 13% irrespective of
sex. The genetic mechanisms which have been
suggested as being responsible for the pheno-
menon of familial aggregation of mandibular
prognathism include 'irregular' inheritance
with a penetrance of 70% and variable expres-

sivity,9 autosomal recessive inheritance,7 12

autosomal dominant inheritance,813 dominant
inheritance as a rule with some exceptions,'4
dominant inheritance with incomplete pene-

trance,'0 and a polygenic threshold model.6
Concordance for prognathism among twin
pairs collected from published reports was 17/

21 (81 %) for monozygotic and 2/15 (13%) for
dizygotic twin pairs,'5 a result which, accord-
ing to Penrose,'6 strongly argues against a
monogenic aetiology in most of the affected.
Taken together, these findings show that in the
vast majority of families mandibular prognath-
ism seems to have a polygenic or multifactorial
cause.

Nevertheless there are reports of striking
examples of apparently autosomal dominant
inheritance of mandibular prognathism, the
best known of which is the Habsburg family
together with other European royal fami-
lies.'7'8 Consanguinity was common in these
families and has previously been suggested as
accounting for the dominant 'Habsburg jaw"9
or discussed as a contributing factor acting on
a multifactorial background.'8 Although it may
be true that consanguinity contributed to some
of the other disorders which the Habsburg
family suffered from, it seems unlikely to be
responsible for a phenomenon like pseudodo-
minance of prognathism.20
There are only a few other reports of familial

mandibular prognathism inherited in a way
that suggests the existence of an autosomal
dominant gene responsible for this phenotype.
Stiles and Luke'° reported involvement in four
generations with apparent non-penetrance in
an obligate gene carrier, and McKusick2'
observed the trait in a black family. Thompson
and Winter20 described a three generation
family with mandibular prognathism and
other facial characteristics similar to those
observed in members of the Habsburg family,
such as thickened lower lip, prominent nose,
flat malar areas, and mildly everted lower eye-
lids. One child had an oxycephalic head shape
owing to synostosis of all cranial sutures, a
feature which the authors suspected also in
Charles V, a severely affected member of the
Habsburg family.

It can therefore be hypothesised that there
might be an autosomal dominant gene of
reduced penetrance possibly leading to a syn-
drome of variable clinical expressivity with
mandibular prognathism as the main feature
and a variable spectrum of other cranial and
facial anomalies as optional symptoms.
To prove this hypothesis we analysed an

extended pedigree of European noble families
in which mandibular prognathism was segre-
gating.

Methods and results
A pedigree was constructed comprising 13
European noble families with 409 members in
23 generations (fig 1). The physical status with
regard to mandibular prognathism of each of

112



On the genetics of mandibular prognathism: analysis of large European noble families 113

-U~~~~~~~~~~V

~ ~ ~ ~ ~ i;

A~~~~~~ A~~~

-4A~~~~~

A 0~~~~~~~~~~~~~~A

K -ft~~~~~~~~~~~~~~~"-

41

A'~~~~~~~~~~~~~i

z* II

-4*~~~~~~~~~~~~~

ccA 'A
l

;_PXF~~~~~~~~~~~~~~-vP

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~!

-~~~~~~~~~~~'A''-~~~~~~~~~~~~~~~~~~~~~~~t

_7 _

-1CI = A

A~~ ~ ~ ~ ~ ~ ~A~A

;~~~L~~~ J IC-m~ -U

,



Wolff, Wienker, Sander

these family members was documented by
means of pictures (fig 2) or authentic descrip-

22tions.2 Family members exhibiting only minor
symptoms of the trait like everted lower lip
were also regarded as affected. Segregation of
the phenotype in the offspring of consanguin-

Figure 2C Louis XIV ( 11 th generation, fig 1). Wax
impression, reproduced from Rene de la Croix Herzog
von Castries: Die Bourbonen in Frankreich. In: Die
gro,Ben Dynastien. Munchen: Sudwest Verlag, 1978:
170.

Figure 2A Karl V (6th generation, fig 1). Painting of
Tizian, reproduced from B Hamann, ed. Die
Habsburger. Miinchen: Piper Verlag, 1988: 201
(detail).

Figure 2B Lorenzo il Magnifico di Medici (4th
generation, fig 1). Painting of Christofano
dell'Altissimo, reproduced from Karla Langedijk. The
portraits of the Medici, 15th-18th centuries. Firenze:
Studio per Edizioni Scalte, 1983: 1138.

Figure 2D George II (14th generation, fig 1).
Mezzotint engraving of Richard Houston, reproduced
from M v Boehn. England im 18. Jtahrhundert. Berlin:
Askanischer Verlag, 1920: 64.

14



On the genetics of mandibular prognathism: analysis of large European noble families

III I i. t
Figure 2E Rudolph I von Habsburg (not included in
the pedigree, the great great grandfather of Ernst der
Eiserne (generation 1)). Photograph taken from the
gravestone in Speyer Cathedral, privately owned by one
of the authors.

eous and non-consanguineous affected parents
was analysed by separately estimating the
segregation ratio of affected/unaffected chil-
dren in families with one and both parents
affected (figs 3A-D). In all situations affected
offspring were more frequent than unaffected,

A

50

B

44

C

65

D

but only in the offspring of consanguineous
parents who were both affected did the ratio
differ significantly from the 1:1 expected under
the assumption of autosomal dominant in-
heritance.

Obviously, the gene is not fully penetrant in
the heterozygous state. A direct estimate by
counting the fraction of 'skipped generations'
(fig 4) yielded a crude estimate of penetrance of
0 88. In order to obtain an empirical estimate
of the penetrance parameter (p), the likelihood
of the pedigree was repeatedly calculated using
the Elston-Stewart algorithm23 and maximised
over this parameter with all other parameters
held constant (gene frequency 0-0001, com-
plete penetrance in the homozygous state).
The LIPED computer program24 was cho-

sen since it is a fairly fast and reliable way to
handle large and complex pedigrees with mul-
tiple consanguinity loops. However, the large
pedigree had to be broken down into four parts
which did not overlap except for the key ances-
tors, otherwise computation times (mainframe
IBM 3090/180E, VS-Fortran 2.4.0) exceed all
bounds. Thus, we obtained a maximum likeli-
hood estimate (MLE) of the penetrance para-
meter, p (fig 5).
According to standard likelihood theory, the

variance of the MLE equals the negative in-
verse of the second derivative of the likelihood
function at its maximum. A second order poly-
nomial approximation around the maximum25
yields p = 0 955 (SE 0-038). Approximation by
higher order polynomials (3, 4, 5) did not
substantially alter the MLE or its standard
error. Changing the allele frequency up to
0 001 also did not lead to substantially altered
results.

Discussion
Segregation of the mandibular prognathism
phenotype in this large pedigree (fig 1)
strongly argues in favour of a single dominant
gene. The slight preponderance of affected
children among the offspring of affected par-
ents (fig 3) could be explained by some of the
parents being homozygous for the presumed
dominant gene. Looking for a possible effect of
this suspected homozygous state, we found no
hint of lethality or a more severe clinical
expression of the phenotype among the off-
spring of two affected parents. In concordance
with this finding is the observation that most of
the very severely affected members, including
Charles V, did not have parents who were both
affected.

Generally, ascertainment is a major problem
in estimating the penetrance parameter(s) by

93 10 16 3
Figure 3 Segregation of the mandibular prognathism
phenotype in the offspring of consanguineous and
non-consanguineous affected parents. (A) one parent
affected + consanguinity, (B) one parent affected, no
consanguinity, (C) both parents affected +
consanguinity, (D) both parents affected, no
consanguinity. In all situations affected offspring are
more frequent than unaffected, but only in (C) does this
observation differ significantly from the ratio expected
under the assumption of autosomal dominant inheritance.

121 17
Figure 4 Estimation of
the penetrance of the
presumed autosomal
dominant gene by the
direct method (87 7%).
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Penetrance

0*7 0-8 0.9 1

Figure 5 Likelihood of the pedigree versus penetrance (horizontal axis). Log
scale of total likelihoods plotted on the vertical axis. Maximum estimate and i
standard error by quadratic interpolation.
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The secretarial assistance of Mrs Wurich is
acknowledged. This paper is dedicated to Pro-
fessor Ulrich Wolf on the occasion of his 60th
birthday on 2 January 1993.
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