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SUMMARY Familial transmission of cleft lip with or without cleft palate (CL(P)) and isolated cleft
palate (CP) was studied in two French samples of 458 CL(P) and 156 CP nuclear families, using the
recently implemented unified model.' In neither case could discrimination be achieved between
polygenic inheritance and monogenic inheritance with a high proportion of sporadic cases. In
this type of disorder with a complex genetic basis the information furnished by such an approach,

which only considers the affected status, is discussed. Future investigations on the joint familial
transmission of the disease and different marker systems may help to identify the genes involved in
these developmental anomalies.

The first extensive study on clefting was performed
by Fogh-Andersen2 who suggested that cleft lip with
or without cleft palate (CL(P)) and isolated cleft
palate (CP) were separate genetic disorders, each
following a dominant monogenic pattern of inherit-
ance with reduced penetrance and sex limitation.
However, most subsequent studies led their authors,
following Carter,3 to claim multifactorial inherit-
ance.4-8 Melnick et a19-11 and Shields et al,12
analysing Danish data, found that the expectations
of the multifactorial model were not completely
fulfilled. They suggested heterogeneity of both
malformations, a mixture of sporadic and familial
cases transmitted in a manner resembling an auto-
somal dominant mode of inheritance with low
penetrance. They proposed the allelic restriction
model as a biological mechanism to explain the
reduced penetrance of those vertically transmitted
cases. However, all these conclusions were based on
thie epidemiological features of these malformations
and the observed frequencies of those affected in the
relatives of the probands. As pointed out by Mendell
et al,13 observations of different risks in different
classes of relatives, even in the expeqted direction, do
not constitute a test for a hypothesis.

Segregation analysis, which allows several trans-
mission hypotheses to be tested, was performed on
family data collected in Hawaii by Chung et al,.4 15
first using the method described by Morton et al16
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and then under the mixed model, as described by
Morton and MacLean.'7 No discrimination could be
made between monogenic and polygenic modes of
inheritance.

This paper presents the results of segregation
analyses performed separately on CL(P) and CP
French family data. The epidemiological character-
istics of these data and the frequencies in relatives
have been published in an earlier paper.18

Subjects and methods

The method of data collection has been previously
described18 and will be summarised here. Only
isolated CL(P) or CP were considered; all cases
associated with chromosomal aberrations, multiple
malformationg, or recognised syndromes were
eliminated. In the present analyses, only family
information collected on the sibs and parents of the
probands was used. More remote relatives were not
included since confirmation of the diagnosis could
not always be obtained. The two samples comprise
458 CL(P) and 156 CP nuclear families ascertained
through 478 CL(P) and 168 CP probands attending
plastic surgery departments of three Paris hospitals.
In the CL(P) data, the familial cases are distributed
among 34 of the 458 nuclear families. These 34
families are distributed according to the status of the
first degree relatives of the probands as follows: 15
families with normal parents and affected sibs, and
19 families with one affected parent and, in three
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of them, affected sibs also. In the CP sample, there
are 12 among 156 families with multiple cases. They
include five families with normal parents and
affected sibs and seven families with one affected
parent and, in two of them, affected sibs also.
The model used for segregation analysis is the

unified model recently described by Lalouel et al.'
This model differs from the mixed model,'7 which
allows testing of the sub-hypotheses of monogenic
and multifactorial inheritance, by the introduction
of the three transmission probabilities, TAA A, TAa A,

rTaa A, at the diallelic major locus component. These
probabilities, as previously described by Elston and
Stewart,'9 denote the conditional probabilities of
transmitting to offspring the deleterious allele A for
parental genotypes AA, Aa, and aa, respectively.
This allows testing of the Mendelian transmission
hypothesis in which these three parameters are
respectively equal to 1, 1/2, and 0 against a more
general transmission model in which these transmis-
sion probabilities can take on any value between 0

and 1. Besides these -rs, the other parameters at the
major locus components are q, the deleterious allele
(A) frequency, t, the displacement (t = FLAA- Laa,

distance between the two homozygous means on the
liability scale), and d, the dominance parameter
(d = (CUAa-LXaa)/(@AA-faa)). The multifactorial

transmissible component is expressed in terms of H,
the heritability. The mode of family detection was
taken into account by including the probability of
ascertainment, 7r, estimated before the analysis from
the distribution of probands among affected sibs.
Furthermore, sex specific liabilities were considered
here since a difference in frequency with sex was
observed for these two defects: a frequency of 0-82
per 1000 for CL(P) with 66-5% of males and a
frequency of 0-35 per 1000 for CP with 38-7% of
males.'8

In each case, the joint likelihood of the parents'
and offspring's phenotypes and the likelihood of the
offspring's phenotypes conditional on the parents'
phenotypes was computed using the computer
programme POINTER.20

Results

CL(P)
Segregation analyses of CL(P), considering joint and
conditional likelihoods respectively, are presented in
tables 1 and 2. Using joint likelihood, there is no
evidence for the segregation of a major gene,
with d = 1 or 0-5, since the mixed model (with
Mendelian Ts) is almost as likely as the multi-
factorial hypothesis. Such a comparison could not

TABLE 1 Segregation analysis of cleft lip+ palate using joint likelihood ( = 0 589).
-2lnL TAA A TAa5A Taa A d t q H

General (d = 1) 655-66* 1 t 0 1 t -.0.0 0.780
General (d = 1),H = 0 653-67 1 0.818 0 1 2.159 0-0006 0
General(d=0-5),H=0 652-85 1-0 0-759 0.002 0-5 4-531 0-0008 0
General (d = 0), H = 0 655-45 1-0 0-337 0-016 0 7-344 0-029 0
Mendelian(d = 1) 656-17* 1 0-5 0 1 t -*0-0 0-820
Mendelian (d =0-5) 656-17* 1 0-5 0 0-5 t -*0.0 0.820
Mendelian(d = 1),H = 0 656-35 1 0-5 0 1 2-552 0-0006 0
Mendelian (d = 0-5), H = 0 656-36 1 0-5 0 0-5 4-737 0-0006 0
Mendelian (d-=0), H = 0 670-53 1 0-5 0 0 3-231 0-077 0
Multifactorial, d =- t = q = 0 656-17 0 0 0 0 0 0 0-817
*The likelihoods are not exact!y maximum since one of the estimated parameters (q) reached a bound.
tThe estimates of the major locus parameters are irrelevant when q reaches its bound zero.

TABLE 2 Segregation analysis of cleft lip±4palate using conditional likelihood (r=0 589).
-21n L rAA A TAa A Taa A d t q H

General (d = 1) 467.21* I t 0 1 t -*0-0 0-890
General (d = 0) 467-21* 1 t 0 0 t -*o-0 0-901
General(d= l),H=0 467-06 1-0 1-0 0-0 1 1-979 0-0006 0
General (d = 0 - 5),H = 0 465-76 1-0 1-0 0-023 0*5 4-778 0-003 0
General (d = 0), H = 0 465-08 1-0 0-477 0-067 0 6-943 0-031 0
Mendelian (d = 1) 467-21* 1 0-5 0 1 -*0-0 t 0-892
Mendelian (d = 0-5) 467.21* 1 0-5 0 0-5 t -*0-0 0-891
Mendelian(d=0) 467-21* 1 0-5 0 0 -*0-0 t 0-892
Mendelian (d = 1),H = 0 468-68 1 0-5 0 1 2-440 0-0007 0
Mendelian (d = 0 -5),H = 0 468-69 1 0*5 0 0*5 4-872 0-0007 0
Mendelian (d = 0), H = 0 469-29 1 0*5 0 0 2-673 0-035 0
Multifactorial, d = t = q = 0 467-21 0 0 0 0 0 0 0-890
*The likelihoods are not exactly maximum since one of the estimated parameters (t or q) reached a bound.
tThe estimates of the major locus parameters are irrelevant when t or q reaches its bound zero.
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be performed for d = 0 since the residual variance,
under the mixed model, approached zero and no
converged solution could be obtained. If H is set
equal to zero, Mendelian segregation at one locus is
rejected for d = 0, when compared to the general
transmission probability model (-2 In X = 15-08,
higher than aX2 with 3 df); it is not rejected for d = 1

or 0 5 (-2 In X = 2 68 and 3-51, respectively).
Under the unified model (d = 1), the computations
were lengthy and q progressively reached its bound
zero. The highest observed likelihood, although not
the maximum, is no different from the highest
likelihoods obtained under the corresponding sub-
hypotheses.
Using conditional likelihood (table 2), the likeli-

hoods of all hypotheses are similar. It is not possible
to digcriminate between the monogenic hypothesis,
whatever the value of d, and the multifactorial
hypothesis. We can see that, under the mixed model,
the major locus parameters (t or q) converge to their
bound zero. Furthermore, in this analysis, Mendelian
segregation at the major locus is not rejected what-
ever the value of d.

Thus, these two analyses show that the data fit
both a multifactorial mode of transmission with
high heritability and a monogenic (dominant or
additive) inheritance. Under the latter hypothesis
with d = 1, the penetrance of susceptible genotypes
is estimated at 0 24 and 0 17 for males and females

respectively, and the proportions of sporadic cases
are 70% and 58% respectively.

cP
The results of the segregation analyses are shown in
tables 3 and 4 and are very similar to those obtained
for CL(P). The only difference concerns the para-
meter estimates obtained under the mixed model
with d = 0 using conditional likelihood. In this
case, the multifactorial component was close to zero
and not the major gene frequency. It can also be
noted that under the mixed model, with d = 1 or
0 5, the major locus component, although small,
was not cancelled out as was the case for CL(P).

Thus, both multifactorial inheritance with high
heritability and monogenic transmiggion are consist-
ent with the data. In the latter hypothesis, with
d = 1, the penetrance is estimated at 0 25 and 0 30
for males and females respectively, and the respective
proportions of sporadic cases are 70% and 79%.

Discussion

Our analyses did not allow discrimination between
polygenic inheritance and monogenic inheritance
with a high proportion of sporadic cases in CL(P) as
well as in CP. We can note that in both data sets,
under the monogenic hypothesis, recessivity was
rejected using joint likelihood, whereas it was equally

TABLE 3 Segregation analysis of cleft palate using joint likelihood (wr = 0*438).
-21n L TAA A 'Aa A Taa A d t q H

General (d = 1) 159.88 1 0.436 0 1 3.333 0-00002 0.785
General (d = 1), H = 0 160-94 1 0.631 0 1 2.667 0.00015 0
General (d = O-5), H = 0 160-94 1 0.631 0 0.5 5.333 0.00015 0
General(d=0),H=0 161-87 1-0 0.225 0.0 0 4.369 0.026 0
Mendelian (d = 1) 159-92 1 0-5 0 1 3.265 0-00002 0.791
Mendelian (d-0 -5) 159.92 1 0-5 0 0.5 6.535 0.00002 0.791
Mendelian(d=0) 160.54 1 0.5 0 0 1.282 0.059 0-927
Mendelian(d= 1),H =0 161.17 1 0.5 0 1 2.784 0.00015 0
Mendelian(d=0-5),H=0 161.17 1 0.5 0 0.5 5.567 000015 0
Mendelian(d=0),H=0 172.69 1 0.5 0 0 3.068 0-047 0
Multifactorial,d = t = q = 0 160.66 0 0 0 0 0 0 0.933

TABLE 4 Segregation analysis ofcleft palate using conditional likelihood (7 = 0.438)
-21n L TAA A TAa A Taa A d t q H

General(d= 1) 91.92 1 0.322 0 1 3.601 0.00007 0-773
General (d = 0) 91.63 1 0.351 0 0 3.884 0.016 0.007
General(d = 1),H =0 93.59 1.0 0.425 0.0 1 3.032 0-00015 0
General (d = 0.5), H = 0 91.88 1.0 0.246 0.012 0.5 12.590 0.00019 0
General (d = 0), H = 0 91.64 1.0 0.352 0.0 0 3.889 0.016 0
Mendelian (d = 1) 92.40 1 0.5 0 1 3.042 0.00005 0.755
Mendelian(d=-05) 92.40 1 0.5 0 0.5 6.090 0.00005 0.757
Mendelian(d =0) 92.34 1 0-5 0 0 3.173 0.015 0-006
Mendelian (d = 1), H = 0 93.61 1 0.5 0 1 2.877 0.00015 0
Mendelian(d = 05),H = 0 93.61 1 0.5 0 0.5 5.737 0.00015 0
Mendelian(d = 0),H = 0 92.35 1 0-5 0 0 3.178 0.015 0
Multifactorial, d = t = q = 0 93.62 0 0 0 0 0 0 0.968
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likely as dominance using conditional likelihood. A
similar discrepancy in the conclusions according to
the approach used (joint or conditional likelihood)
has already been observed in our analysis of con-
genital glaucoma.21 In the absence of any undetected
bias, this may be due to the greater power of tests
using joint than conditional likelihood.

In the analysis of Hawaiian data, Chung et al5
attributed the absence of discrimination between
polygenic and monogenic inheritance partly to the
small size of their sample (217 CL(P) families and
113 CP families). In spite of the relatively large size
of our CL(P) sample, it was not possible to dis-
criminate either. How large should the data set be to
lead to a definitive conclusion? In such disorders
with few familial cases, this type of analysis, which
uses only information on the affected status, seems
to require such a huge amount of data that its value
appears questionable with respect to consumption of
time and money.
Family data on congenital malformations are

usually ascertained through children. The study of
offspring of affected persons is expected to provide
additional information. Two large and interesting
series of cleft probands over two22 or three23 24
generations led the authors to suggest the multi-
factorial mode of inheritance for CL(P) and genetic
heterogeneity for CP, a mixture of sporadic and some
dominantly inherited cases. However, no definite
conclusion could be drawn from these studies.
When the mode of inheritance of a disease cannot

be resolved by the analysis of its familial transmis-
sion, another way to identify genes is to discover
whether marker systems and the disease in question
do not segregate independently. Mice with the
histocompatibility H-2a haplotype were found to
have a significant susceptibility to cortisone induced
cleft palate.25 Thus, a possible role of the HLA
complex in the development of these anomalies was
investigated. Up till now, no such role could be
demonstrated in case control series26 or in family
studies.27 28 Investigation of other markers, especi-
ally the recently described restriction fragment
length polymorphisms, may one day prove helpful in
identifying the genes implicated in these develop-
mental disorders.

The authors wish to thank Dr B Pavy and Dr J
Psaume for access to their patients. We also thank
Dr G Migne-Tufferaud and Dr J Kaplan for helping
us to collect the data. This work was supported by
grant CRL 80.10.22 from the Institut National de
la Sant6 et de la Recherche M6dicale (INSERM).

References

Lalouel JM, Rao DC, Morton NE, Elston RC. A unified
model for complex segregation analysis. Am J Hum Genet
1983 ;35:816-26.

2 Fogh-Andersen P. Inheritance of harelip and cleft palate.
Copenhagen: Busck, 1942.

3 Carter CO. The inheritance of common congenital
malformations. In: Steinberg AG, Bearn AG, eds.
Progress in medical genetics. Vol 4. New York: Grune
and Stratton, 1965:59-74.

' Fraser FC. The genetics of cleft lip and cleft palate. Am J
Hum Genet 1970;22:336-52.

6 Woolf CM. Congenital cleft lip: a genetic study of 496
propositi. JMed Genet 1971 ;8:65-83.

6 Czeizel A, Tusnady G. A family study of cleft lip with or
without cleft palate and posterior cleft palate in Hungary.
Hum Hered 1972 ;22 :405-16.
Bear JC. A genetic study of facial clefting in Northern
England. Clin Genet 1976;9:277-84.

8 Dan-Ning Hu, Jing-Hai Li, Hui-Ying Chen, et al.
Genetics of cleft lip and cleft palate in China. Am J Hum
Genet 1982;34:999-1002.

9 Melnick M, Shields ED. Allelic restriction: a biologic
alternative to multifactorial threshold inheritance. Lancet
1976;i:176-9.

10 Melnick M, Shields ED, Bixler D, Conneally PM. Facial
clefting: an alternative biologic explanation for its
complex etiology. Birth Defects 1977;13(3A):93-112.

1 Melnick M, Bixler D, Fogh-Andersen P, Conneally PM.
Cleft lip+± cleft palate: an overview of the literature and an
analysis of Danish cases born between 1941 and 1968.
AmJMed Genet 1980; 6:83-97.

12 Shields ED, Bixler D, Fogh-Andersen P. Cleft palate: a
genetic and epidemiologic investigation. Clin Genet 1981;
20:13-24.

13 Mendell NR, Spence MA, Glastien K, et al. Multifac-
torial threshold models and their application to cleft lip
and palate. In: Melnick M, Bixler D, Shields ED, eds.
Etiology of cleft lip and palate. Progress in clinical and
biological research. Vol 46. New York: Alan R Liss,
1980:387-406.

14 Chung CS, Ching GHS, Morton NE. A genetic study of
cleft lip and palate in Hawaii. II. Complex segregation
analysis and genetic risks. Am J Hum Genet 1974;26:
177-88.

15 Chung CS, Rao DC, Ching GHS. Population and family
studies of cleft lip and cleft palate. In: Melnick M,
Bixler D, Shields ED, eds. Etiology of cleft lip and palate.
Progress in clinical and blological research. Vol 46. New
York: Alan R Liss, 1980:325-52.

6 Morton NE, Yee S, Lew R. Complex segregation
analysis. Am J Hum Genet 1971 ;23:602-1 1.

17 Morton NE, MacLean CJ. Analysis of family resem-
blance. III. Complex segregation analysis of quantitative
traits. Am JHum Genet 1974;26:489-503.

18 Bonaiti C, Briard ML, Feingold J, et al. An epidemio-
logical and genetic study of facial clefting in France. I
Epidemiology and frequency in relatives. J Med Genet
1982;19:8-15.

19 Elston RC, Stewart J. A general model for the genetic
analysis of pedigree data. Hum Hered 1971 ;21:532-42.

20 Lalouel JM, Yee S. POINTER: a computer program for
complex segregation analysis with pointers. Technical
Report, Population Genetics Laboratory, Honolulu,
University of Hawaii, 1980.

21 Demenais F. Further analysis of familial transmission of
congenital glaucoma. Am J Hum Genet 1983;35:1156-60.

439

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.21.6.436 on 1 D

ecem
ber 1984. D

ow
nloaded from

 

http://jmg.bmj.com/


F Demenais, C Bonalti-Pellie, ML Briard, and J Feingold

22 Bixler D, Fogh-Andersen P, Conneally PM. Incidence of
cleft lip and palate in the offspring of cleft parents. Clin
Genet 1971 ;2:155-9.

23 Carter CO, Evans K, Coffey R, Fraser Roberts JA,
Buck A, Fraser Roberts M. A three generation family
study of cleft lip with or without cleft palate. J Med Genet
1982;19:246-61.

24 Carter CO, Evans K, Coffey R, Fraser Roberts JA
Buck A, Fraser Roberts M. A family study ofisolated cleft
palate.JMed Genet 1982;19:329-31.

25 Bonner JJ, Slavkin HC. Cleft palate susceptibility linked to
histocompatibility -2 (H-2) in the mouse. Immunogenetics
1975;2:213-8.

26 Bonner JJ. Studies on the major histocompatibility
complex and cleft lip and/or cleft palate. In: Melnick M,
Bixler D, Shields ED, eds. Etiology of cleft lip andpalate.

Progress in clinical and biological research. Vol 46. New
York: Alan R Liss, 1980: 499-510.

27 Van Dyke DC, Goldman AS, Spielman RS,
Zmijewski CM, Oka SW. Segregation of HLA in sibs
with cleft lip or cleft lip and palate: evidence against
genetic linkage. Cleft PalateJ 1980;17:189-93.

28 Van Dyke DC, Goldman AS, Spielman RS,
Zmijewski CM. Segregation of HLA in families with oral
clefts: evidence against linkage between isolated cleft
palate and HLA. AmJMed Genet 1983 ;15:85-8.

Correspondence and requests for reprints to Dr F
Demenais, Unit6 de Recherche de Genetique
Epid6miologique, lNSERM U155, Chateau de
Longchamp, Bois de Boulogne, 75016 Paris, France.

440

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.21.6.436 on 1 D

ecem
ber 1984. D

ow
nloaded from

 

http://jmg.bmj.com/

