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Summary

Orientals are at higher risk for cleft lip with or without cleft palate (CL + P) than Caucasians or blacks. We
collected demographic and family data to study factors contributing to the etiology of CL + P in Shanghai.
The birth incidence of nonsyndromic CL + P (Shanghai 1980-87) was 1.11/ 1,000, with a male/female ratio
of 1.42. Almost 2,000 nonsyndromic CL + P probands were ascertained from individuals operated on during
the years 1956-83 at surgical hospitals in Shanghai. Detailed family histories and medical examinations were

obtained for the probands and all available family members. Genetic analyses of the probands' families were
performed under the mixed model with major locus (ML) and multifactorial (MFT) components. The hypothe-
ses of no familial transmission and of MFT alone could be rejected. Of the ML models, the autosomal
recessive was significantly most likely and was assumed for testing three complex hypotheses: (1) ML and
sporadics; (2) ML and MFT; (3) ML, MFT, and sporadics. None of the complex models were more likely
than the ML alone model. In conclusion, the best-fitting, most parsimonious model for CL + P in Shanghai
was that of an autosomal recessive major locus.

Introduction

The etiology of nonsyndromic cleft lip with or without
cleft palate (CL + P) is still unclear. Early estimates of
the genetic contribution to such clefts ranged from
about 12%-20%, with the remainder attributed to
environmental factors or gene-environment interac-
tions (e.g., see Fogh-Andersen 1968, 1971; Ross and
Johnston 1972, pp. 3-67). Estimates from more re-
cent studies suggest that about 50% may be more real-
istic (Marazita et al. 1984; Chung et al. 1986).

There are significant racial differences in the inci-
dence of clefting, with the highest rates in Orientals
and Native Americans, intermediate rates in Cauca-
sians, and lowest rates in blacks (Tanaka et al. 1969;
Chung et al. 1974; Myrianthopoulos and Chung
1974; Koguchi 1975; Melnick et al. 1980; Hu et al.
1982; Marazita et al. 1986b; Melnick et al. 1986).
These racial differences persist in Hawaii, where the
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environment is relatively uniform among different
races, and after removal of ascertainment biases (Chung
et al. 1974). Comparative studies of the genetic etiol-
ogy of oral/facial clefts among racial groups are of
great interest and potential importance, since they
could permit a determination of whether the incidence
differences reflect underlying heterogeneity, or merely
differences in gene frequency. The present study is
a genetic analysis of almost 2,000 CL + P proband
families ascertained in Shanghai. Complex segrega-
tion analysis was utilized to test hypotheses regarding
the genetic etiology ofCL + P in this study population.

Subjects and Methods

Study Population
Birth records for the years 1980-1987 from 10 hos-

pitals in eight Shanghai city districts were used to esti-
mate the incidence of CL + P in Shanghai. Among the
250,372 live births studied, there were a total of 279
newborn infants with nonsyndromic CL + P, for a
birth incidence of 1.11 / 1,000 live births. There was
no significant variation in incidence from year to year
(X2 (7 df) = 10.03, P > .10). The male/female sex
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ratio for cases was 1.42, as compared with a popula-
tion ratio of 1.04. The sex ratio was greater for cleft lip
(CL) (1.58) than for cleft lip with cleft palate (CL + P)
(1.35). The unilateral/bilateral ratio for CL + P was
2.86, with a ratio of 15.33 for CL cases versus 1.76
for CL + P. For unilateral CL ± P cases, the left/right
ratio was 1.36, with a ratio of 1.71 for CL versus 1.14
for CL + P cases.

For genetic analysis, families were ascertained
through almost 2,000 nonsyndromic CL ± P probands
whose surgical treatments were performed at surgical
hospitals in Shanghai. Extended family history infor-
mation was obtained, and the status of affected family
members was verified by field workers in Shanghai.

For the genetic analyses using the mixed-model ap-
proach (see Statistical Methods), the large multigener-
ational kindreds were broken into their component
nuclear families, then the mode of ascertainment for
each nuclear family was specified. The following types
of nuclear families were formed, for a total of 2,255
nuclear families (9,828 individuals): (1) 1,952 nuclear
families composed of the probands, their parents, and
their siblings (identified by single ascertainment, with
the probability of an affected individual becoming a
proband, x, estimated at .01 by the method of
Gladstien et al. (1978); (2) 138 families composed of
probands, their spouses, and their children (complete
ascertainment); and (3) 165 nuclear families with
other (nonproband) affected members related to the
probands (ascertainment through pointers). Nuclear
families with no affected members contribute little to
a segregation analysis and were therefore not included
(we have verified this in an unpublished data set by
analyzing the data with and without such "unaffected"
nuclear families). According to this scheme, some pro-
bands are included in the data set twice -in one nu-
clear family as a parent and in another nuclear family
as a child. To remove this bias, we conditioned the
probabilities of children's phenotypes on the parental
phenotypes.
The trait analyzed was "CL ± P or not"; that is, all

forms of CL + P were considered affected. The Shang-
hai birth incidence of CL + P was 1.11 / 1,000 live
births, with a male/female ratio of 1.42. Therefore,
for purposes of the genetic analyses, the female-
specific incidence was 0.92/1,000 and the male-
specific incidence was 1.30/1,000.

Statistical Methods
Because clefts of the lip and palate have historically

been said to follow a multifactorial/threshold (MFT)

pattern, the goal of the genetic segregation analysis
of these data was to test the MFT and Mendelian
major-locus (ML) hypotheses simultaneously. To this
end, we analyzed the data under the unified mixed
model (Morton and MacLean 1974; Lalouel and Mor-
ton 1981; Lalouel et al. 1983), which assumes that an
individual's genotype is composed of a multifactorial
component and a major-locus component (Lalouel et
al. 1983). Further descriptions of the model and its
underlying assumptions can be found in the work of
Morton and MacLean (1974) and Lalouel et al.
(1983). The parameters of interest for the present
analysis are given in the Appendix. Likelihoods were
calculated and maximum-likelihood estimates of the
parameters were obtained using the computer pro-
gram POINTER (Morton et al. 1983).

Recently, Iselius and Morton (1991) reported that
non-Mendelian transmission probabilities are not cor-
rectly implemented in POINTER. Using POINTER
for significance tests of any departures from Mende-
lian expectations for the transmission probabilities
may not lead to correct conclusions. We therefore esti-
mated the transmission probabilities by using the re-
gressive model for segregation analysis programmed
in the REGD module of SAGE, version 2.0 (Sorant et
al. 1989; © 1989 by R.C. Elston, Inc.).

For hypothesis tests, parameter estimates and likeli-
hoods were obtained under each model, with various
restrictions. For example, the POINTER model with
d = t = q = 0 corresponds to a hypothesis of no
major locus. Hypothesis tests were based on the
likelihood-ratio criterion that compares each re-
stricted model to the general, unrestricted model. In
addition, the Akaike information criterion (AIC;
Akaike 1974) was calculated for each model. The AIC
for any model equals - 2(log likelihood) + 2(number
of estimated parameters). The model with the smallest
AIC is the most parsimonious of the best-fitting mod-
els for the data.

Results

Table 1 presents the results of complex segregation
analysis of the data. The likelihood-ratio criterion was
used for hypothesis tests, comparing the likelihood
of each restricted hypothesis to that of the general,
unrestricted hypothesis (la in table 1).

For the most general hypothesis (la in table 1: ML,
MFT, and sporadics), two parameters converged to
boundary values. Therefore the df available for the
hypothesis tests were reduced. The hypothesis of no
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Table I

Results of Complex Segregation Analysis of CL± P in the Families of Almost 2,000 Surgical Probands
from Shanghai

VALUES OF PARAMETERS ± SE'

HYPOTHESIS d t q X H2 X2 AIC

1. Complex models:
a. ML, MFT, and sporadics .... [0] 4.24 .05 ob ob ... - 15,233
b. ML and MFT ................... [0] 4.12 .05 ... 0b .03 - 15,232
c. ML and sporadics .............. [0] 4.24 ± 8.8 .06 ± .01 .60 ± .10 ... .30 - 15,232

2. No familial transmission
(q = H2 = 0) ...................... ... ... [0] ... [0] 280.51 - 14,959

3. ML (H2 = 0) ...................... [0] 2.30 ± .90 .05 ± .08 ... [0] 1.33 -15,236
4. MFT (q = 0) ......................... 0 ... .72 ± .05 57.95 -15,180

NOTE.-Numbers in square brackets represent parameters not estimated; these parameters were set to the value inside the brackets.
a See Appendix for descriptions of parameters.
bParameter converged to a boundary value.

familial transmission could be clearly rejected (df =
3; P << .001). The hypothesis of MFT transmission
could also be clearly rejected, (df = 2; P < .001).
Of the autosomal dominant and recessive ML mod-

els, the recessive model was significantly more likely,
so recessive was assumed for the more complex models
and is the onlyML model presented in table 1. When T2
(see Appendix) was estimated, it was not significantly
different from the Mendelian expected value of .5 (X2
= 2.2, with 1 df; therefore P > .1), s0O2 was fixed
at its expected value for the more complex models.
Because of a reported problem with the estimation of
transmission probabilities in POINTER (Iselius and
Morton 1991), REGD was also used to estimate the
t's under an autosomal recessive ML model. The like-
lihood of a hypothesis with the 's fixed at their Men-
delian expected values was compared with the likeli-
hood when the T's were estimated. There was no
significant difference between the likelihoods, con-
firming the POINTER result that the transmission
probabilities were consistent with their Mendelian ex-
pectations.

Evaluation of the remaining complex models led
to the conclusion that the ML-alone model was the
best-fitting model in the data: (1) The three complex
models-ML and sporadics; ML and MFT; and ML,
MFT, and sporadics -were all approximately equally
likely (see x2 values in table 1). The ML-alone model
had approximately the same likelihood as these three
models. (2) When an attempt was made to estimate
the parameters under the most general model, X and
H2 both converged to 0, leaving only the parameters
of the major locus. (note that no standard errors could

be estimated for the parameters in the most complex
models because some parameters converged to bound-
ary values) (3) Furthermore, the ML alone model had
the smallest AIC value.

In addition to the analysis of the entire data set,
POINTER analyses were done on subsets of the data
to determine whether there was any heterogeneity in
the results and in parameter estimates that was based
on the severity of the proband's phenotype. Two com-
parisons were made given the following divisions of
the data: (1) families in which the proband had only
CL versus CL + P; and (2) families in which the pro-
band had a unilateral cleft versus a bilateral cleft. Each
subset of the families was analyzed in the same way as
the entire data set. For each of the two comparisons,
there was no significant heterogeneity in either the
results or the parameter estimates. Therefore the het-
erogeneity results are not presented in detail here.
From the above results, it can be concluded that the

best-fitting model from this analysis of almost 2,000
Shanghai CL ± P families was that of an autosomal
recessive major locus. It is the most parsimonious and
has the smallest AIC value of the four models with
approximately the same likelihood (all of which in-
cluded an ML component), and, when all parameters
were estimated jointly, parameters X and H2 con-
verged to 0.

Discussion

Clefts of the lip and palate have been depicted and
documented in China for centuries. The earliest re-
corded surgical cleft-lip repair is described in the Chin
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Annals, the official history of the Chin Dynasty in
China, circa A.D. 390 (translation in Khoo 1966).
Clefts of the lip and palate remain an important public
health problem in China. A better understanding of
the etiology of CL + P in China would have an impact
on the management of the large number of cases born
each year. The results of our study of almost 2,000
modern families of Chinese probands with nonsyn-
dromic CL + P indicate that an autosomal major locus
is sufficient to explain the data.
The genetic model most often proposed for nonsyn-

dromic CL + P in the early 1970s was that of MFT
inheritance (e.g., see Carter 1976). While the MFT
model could reasonably account for the epidemiologi-
cal findings in CL + P, published reports suggesting
that the MFT model best explained the data did not
include statistical tests of the MFT hypothesis and
its predictions (Carter et al. 1982; Hu et al. 1982).
Marazita et al. (1986a) reexamined the data of Carter
et al. (1982) and found that the MFT model could be
rejected in favor of a mixed model (i.e., a single ML
with multifactorial modification). Melnick et al.
(1986) reanalyzed the Chinese families studied by Hu
et al. (1982) and also found that an MFT model could
be rejected, with evidence in favor of a single recessive
ML for CL + P.

Large, well-designed family studies of CL + P re-
ported by Chung et al. (1974, 1986), Melnick et al.
(1980), Demenais et al. (1984), Marazita et al.
(1984), and Nemana et al. (1992) also failed to sup-
port the MFT model. Chung et al. (1974) and Demen-
ais et al. (1984) could not discriminate between
single-locus and MFT models for CL + P in their re-
spective Hawaiian and French data sets. Melnick et
al. (1980), Marazita et al. (1984), and Chung et al.
(1986) analyzed the data of about 2,000 Danish kin-
dreds and found that the MFT model could be rejected
and that the data were consistent with an ML in at
least a portion of the kindreds. Nemana et al. (1992)
obtained evidence for an ML alone in a data set of 331
CL ± P families from Madras. Hecht et al. (1991b)
analyzed 79 CL + P U.S. Caucasian families and con-
cluded that the best explanation for the data was a
dominant ML with reduced penetrance.
The emerging evidence for the importance of single

genetic loci in the etiology ofnonsyndromic CL + P has
led to recent linkage and association studies. Several
groups of investigators are analyzing candidate loci,
with interesting results. Eiberg et al. (1987) have re-
ported a tentative linkage between the F13A1 blood

clotting factor located distal to HLA on chromosome
6p24-p25 and a locus for oral/facial clefts (lod score
= 3.66 at a male recombination fraction of 0 and at
a female recombination fraction of .26) in families
with apparent autosomal dominant transmission. An
interesting feature of Eiberg et al.'s report was that the
evidence suggested that CP and CL + P were allelic.

Ardinger et al. (1988, 1989) have also reported evi-
dence for an association between the locus for trans-
forming growth factor alpha (TGFA) and a CL ± P
locus. There is no particular reason to believe that
F13A1 might itself be involved in clefting, serving only
as a classical genetic marker in Eiberg et al.'s study.
By contrast, the TGFA association is particularly in-
teresting because TGFA and/or other growth factors
may well be important in the processes leading to a
cleft. TGFA is believed to be the embryonic form of
epidermal growth factor, which is believed to regulate
the proliferation and differentiation of palatal epithe-
lial cells both in vitro and in vivo (Pratt et al. 1980).
However, while TGFA was chosen as a candidate for
the Ardinger et al. (1988, 1989) study because of its
involvement in CP in the mouse, it was found to be
associated with CL + P in humans, an etiologically dis-
tinct malformation.

The TGFA association has since been duplicated in
Australian-Caucasian (Chenevix-Trench et al. 1991)
and English-Caucasian (Vintiner et al. 1991) samples.
However, Qian et al. (1991) found no association in
a French-Caucasian sample. Further, Vintiner et al.
(1991) found no evidence of linkage with TGFA in
British families, nor did Hecht et al. (1 99la) in a link-
age study of CL + P in 12 U.S. Caucasian families. In
an effort to detect single-base-pair changes within the
TGFA locus, Shiang et al. (1991) began direct se-
quencing of TGFA in 20 affected individuals. With
one-third of the locus sequenced, no definitive muta-
tions have yet been identified.
Each of the above-mentioned association and link-

age studies was performed in Caucasian samples. Now
that there is statistical evidence of an ML in the Chi-
nese study population, we have genetic mapping stud-
ies planned in order to seek confirmation of the puta-
tive ML identified in the current study, to test the
reported linkages and associations, to attempt to dis-
cover the chromosomal location of clefting gene(s),
and to assess genetic heterogeneity. The relative racial
and environmental homogeneity in Shanghai, as well
as the large sample size available, will make this popu-
lation especially useful for mapping studies.
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Appendix
Parameters of the Unified Model for Complex
Segregation Analysis

d = degree of dominance at the major locus
t = displacement between homozygotes at the

major locus
q = gene frequency
T, = probability that an individual of type AA

will transmit A
T2 = probability that an individual of type Aa

will transmit A
13 = probability that an individual of type aa

will transmit A
HI2 = childhood heritability
x = proportion of sporadic cases
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