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COMPLEX SEGREGATION ANALYSIS OF NONSYNDROMIC
CLEFT LIP/PALATE IN ANTIOQUIA, COLOMBIA

ANALISIS DE SEGREGACION COMPLEJA DE LABIO/PALADAR
HENDIDO NO SINDROMICO EN ANTIOQUIA, COLOMBIA

Lina Moreno', Andrew Lidral’, Ida]yd Fonseca®, Consuelo Valencia and Mauricio Arcos-Burgos®

Abstract

The present study was undertaken to examine the pattern of inheritance of Ceft Lip/Palate (CLP) in pedigrees ascertained
from Antigquia, Colombia. Ninety-five extended and multigenerational pedigrees, constituted by 201 nuclear components
and 1.136 records were analyzed. Ten hypothetical models were contrasted using likelihaod ratio tests. The hypotheses of
no familial transmission, multifactorial component compared against that of the existence of a major gene only, the
existence of a recessive major gene, that of non major component tn the mixed medel and that of the non transmission of
major effect (t1 = t2 = t3) were rejected. In contrast. hypotheses postulating a major locus (dominant, codominant) and that
of no polygenic component in the mixed maodel could not be rejocted. fteration of the parameter 12 was the most parsimoniouvs.
Thus far, the most parsimonious model is that of a major gene {dominant-codominant) without multifactorial effects but,
taking into account, that the €2 iteration in the major gene model with unrestricted d, result in a significantly improving of
the model liketihood, oligopenic interactions can not be underrated.

Key words: Colombia, South America. cleft lip and palate. genetics. major gene. Antioquia. racial admixture, ethnic,
complex segregation analysis, CLP.

Resumen

El presente estudio tue realizade para evaluar el patrén hereditario de Labio/Paladar Hendido {(CLP) en genealogfas
vstudiadas ¢n ¢l departamento de Antioquia, Colombia. Se analizaron 95 genealogias multigeneracionales extendidas,
constituidas por 201 componentes nucleares y 1.136 individuos. Se contrastaron diez modelos hipotéticos mediante el test
de verosimilitud. Las hipdiesis de no-transmision familiar y el componeate multifactorial, comparadas contra la hipdtesis
de existencia de un gen mayor y de un gen mayor recesivo, ¥ 1a no existencia del componente mayor en el modelo mixto
¥ no transmisian de efectos mayores (tl =2 =t3), fueron refutadas. En contraste, no pudieron refutarse las hipStesis que
poswlan un locus mayor (dominamte, codominante) y un componente ne poligénico en el modelo mixto. El modelo mds
parsimonioso fue et de pen mayor (dominante-codominante) sin efectos multifactoriales tomando en cuenta la iteracién del
pardametro t2 con d no restringido. 1o que resultd en un mejoramiento significativo del valor de verosimilitud en este
modelo. Las interacciones aligogénicas no pueden ser subestimadas.

Palabras clave: Colombia, Suramérica, labio y paladar hendido. genética, gen mayor, Antioquia, mezcla eacial, étnico,
andlisis de segregacidn compleja, CLP.

INTRODUCTION

Although the genetic component in the etiology model explaining available data remains contro-
of nonsyndromic cleft lip with or without cleft pa- versial. The most widely accepted model for CLP
late (CLP) has been recognized, the inheritance during the 70’s and early 80's was that of a multi-
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factorial inheritance (Fogh-Andersen, 1942; Car-
ter, 1969, Fraser, 1970; Carter, 1976; Carter et al.,
1982). More recently, the complex segregation
analysis based on the mixed model (Lalouel and
Morton, 1981; Lalouvel ez al., 1983) has suggested
the existence of a mendelian component. Marazi-
ta et al. (1986) reexamined the data of Carter et al.
(1982) and found that the multifactorial threshold
model, as an unique explanation of the familial
clustering of CLP, could be rejected in favor of a
mixed model (single major locus plus multifacto-
rial components). Similar results were previously
reported by Demenais er al. (1984) in France. In
this way, in the last ten years, considerable work
on different populations, performed to elucidate
the genetic mode! underlying susceptibility to CLP,
have been suggestive of the existence of major
genes. For instance, Melnick et al. in China (1986),
Chung et al. (1986) on the Danish data, Bixler et
al. (1971), Melnick et al. (1980), Hecht ez al. (1991)
on US families, Marazita et al. (1992) in China,
Nemana et al. (1992) in India, Ray er al. (1993) in
West Bengal, Palomino et al. (1997) and Blanco
et al. (1998a) on the Chilean population, all sug-
gested the possibility of a major gene for clefting.

The fundamental problem with the major gene
component is that dominance appears to be hete-
rogeneous among different populations. Melnick
et al. (1986) Marazita er al. (1952) and Chung et
al. (1986) have found compatibility with the re-
cessive model of inheritance, while De Paepe
(1989), Temple e af. (1989), Hecht (1990), Hecht
et al. (1991a), Nemana et al. (1992), Ray et al.
(1993), Clementi er al. (1995), Palomino et al.
(1997} and Blanco et af. (1998a) with that of the
codominant-dominant model. In all cases, pene-
trance has been found to be incomplete. Indeed,
several analysis have postulated the existence of
at least two major epistatically interacting loci (Fa-
rral and Holder, 1992; Mitchell and Risch, 1992:
Clementi er al., 1995).

In accordance with the hypothesis of a major gene,
several studies have been carried out where va-
rious candidate genes have been analyzed in di-
fferent populations, either through association or
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linkage studies (Ardinger et al., 1989; Hecht et
al., 1991b; Chenevix-Trench ez al., 1991, 1992;
Holder er ai., 1992; Stoll et al., 1992; Vintiner et
al., 1992, 1993; Sassani et al., 1993; Hecht ef al.,
1993; Davies er al., 1995; Carinci er al., 1993;
Stein et al., 1995; Mitchell er al., 1995; Jara et
al., 1995; Lidral et al., 1997, 1998; Blanco ef al.,
1998b). The results of these investigations have
also shown inconsistent results, which seem to
reflect genetic heterogeneity. Ethnical back-
ground influence and a great inter-population
variability suggest that more than one susceptibi-
lity locus is tnvolved in the etiology of CLP.

Latin American tropical countries offer an in-
teresting situation for studying the genctics of
diseases because the mixed ethnical back-
ground which originated, about ten to twenty
generations ago among amerindians, europeans
and negroids. This would allow the use of linkage
disequilibrium methods such as Mapping by Ad-
mixture Linkage Disequilibrium (MALD) as a
powerful strategy to find out major genes predis-
posing the development of complex disease such
as CLP (Chakraborty and Weiss, 1988; Blanco
and Rosales, 1988; Blanco et al., 1998a; Arcos-
Burgos et al., 1999).

The human population in Colombia (12° 30° 407
N, 4° 13" 30” §) stems mostly from the admixtu-
re of europeans (caucasoids), africans (negroids)
and amerindians (mongoloids). Most people from
the State of Antioquia (4.342.347 inhabitants),
belong to the self-designed “paisa” community
(Bravo ez al., 1996). The paisa community speaks
spanish and is geographically located between the
central and western branches of the Andean
mountains. Anthropological and historical studies
describe this population as the most clearly defi-
ned in Colombia. Its ethno-historical origin stems
most probably from the Spaniards, Jews (christia-
nized sephardim or Marranos), and basques. On
the other hand, the admixture with negroid and
amerindian populations has been historically do-
cumented as low (Bravo et al., 1996). The 95%
interval confidence of the estimated negroid ra-
cial component included 0%. Thus far, this
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community appears to be very interesting for
the study of familial aggregation of CLP and
for the linkage analysis on extended pedigrees
and new mapping strategies, such as MALD,
in order to locate major genes involved in sus-
ceptibility to CLP.

The present study was undertaken to examine the
pattern of inheritance of CLP in a Colombian
population. We present evidence that a dominant
major locus without mulitifactorial effects is res-
ponsibie for the familial aggregation observed in
pedigrees ascertained from this community. Some
hypotheses on epistatic effects are postulated ba-
sed in the results of parametric estimation of the
t2 parameter when models iterating them were
maxtmized.

METHODS
Sample

Probands affected with CLP were randomly se-
lected according to a sequential sampling strate-
gy among individuals seeking the medical care
at the program on CLP in Noel clinic at Medellin,
Colombia. Affected individuals were admitted to
surgical treatment. Colombian plastic surgeons,
orthodontists and geneticists evaluated each one
of the probands and a complete clinical and phe-
notypic record was obtained. Phenotypic classi-
fication was defined according to lip and/or palate
compromise and unilateral or bilateral affection.
Records of facial, maxilla, hands and feet were
taken in order to compare these probands with
other individuals ascertained world over. Pedigree
data and a complete family history of CLP were
collected using a specially devised semi-structu-
red questionnaire, which was filled out at a home
vistt or when interviews were carried out at Noel
clinic. Affected relatives pointed out by the pro-
bands were clinically analyzed and their pheno-
typic status was defined.

Ascertainment and complex segregation
analysis

The ascertainment probability (1) was estimated
separately from the segregation analysis accor-
ding to the equation Zafa- I¥X.a(r - 1} where a is
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number of probands and r is total number of affec-
ted (Simpson, 1983). Complex segregation analy-
sis was carried out according to the unified model
of Lalouel et af. (1983), implemented in POIN-
TER computer program (Lalouel and Morton,
1981). The model partitions the total variation in
the underlying liability to CLP into three inde-
pendent compenents: a diallelic single major lo-
cus component, a polygenic background, and a
random environmental component. Model para-
meters are: g, the frequency of the high-risk alle-
te A; ¢, the displacement at the single major locus;
d, degree of dominance at the major locus, such
that d = O corresponds to a recessive gene, d = !
corresponds to a dominant gene, 0 < d < 1 co-
rresponds to some degree of additivity and d =
0.5 is referred to as codominant; H, is the poly-
genic heritability in the offspring; Z, the ratio of
adult to childhood heritability; and t1, t2 and 3,
the respective probabilities that genotypes AA, Aq,
and aa transmit the allele A (better known as “Els-
ton” probabilities). For example, if the single
major locus is mendelian, then t1 = 1, t2 = .5, and
t3 = 0, whereas the s are equal if there is no
transmission of a major effect.

The analysis using pointers only accepts nuclear
families as input. Therefore, extended pedigrees
were analyzed by dividing them into their com-
ponent nuclear families. Those nuclear families
not containing affected probands but containing
affected relatives of the “pointer” (nominal pro-
band) were codified in each sibship considering
that the ascertainment probability value n = 1.
Only nuclear families ascertained through poin-
ters with at least one affected individual were in-
cluded. This last approach was chosen because
simulations and empirical results have shown si-
milar results either including or not-including fa-
milies with unaffected members (Marazita er af.,
1992). In addition, as nonsyndromic CLP is a di-
sorder with sex dependent liability, and our preli-
minary results in the Colombian population have
confirmed this assumption (Bravo ef al., 1998),
two classes of susceptibility were defined, males
(0.38 per 500 live births) and females (0.42 per
500 live births). Conditional likelihood was used
when maximizing the different models based on
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the sex incidences. Neither mortality nor marria-
ge differential risk was taken into account. When
the heritability parameter was iterated, different
numbers of quadrature points (between five and
twenty) were used to reach stable values of like-
lihood,

RESULTS

A total number of 95 extended multigeneratio-
nal pedigrees were analyzed, constituted by 201
nuclear components and 1.136 records. The
number of probands was 99 and the total num-
ber affected was 234 (144 males and 90 fema-
les) (n = 0.42). Family distribution of sibship
size was as follows: 1 sib (61 sibships), 2(45),
3(35), 4(21), 5(13), 6(8), 7(3), 8(2), 9(2), 10(5),
112}, 12(3), 13(1).

Table 1 presents the results of complex segrega-
tion analysis of the data. Ten hypothetical mo-
dels were contrasted wsing likelihood ratio tests.
-2 log likelihood values for each comparison were
examined using x? tests. Parameter estimates co-
rresponding to maximum likelihood models un-

Table 1. Results of complex segregation analysis
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der each set of constraints are shown for each
examined model.

The hypothesis of non-familial transmission for
CLP in these families (cohort effect) {compari-
son between models 1 and 9) was rejected (324
df = 929.85, P < 0.0001). The hypothesis of a
multifactorial component compared against that
of the existence of a major gene only (compari-
son between model 2 and model 7) was rejected
{x?2 df = 347.97, P < 0.0001). Contrast of the
multifactorial hypothesis evaluating the Z para-
meter {comparison between model 2 and 3) did
not show significant differences, meaning that
there are not intergenerational differences in the
heritability (321 df = 29.43, P < 0.0001). Among
the models postulating a major locus (dominant,
cedominant or recessive), only the recessive
model could be rejected (comparison between
medel 6 and 7)(x%1 df = 302.95, P < 0.0001). On
the contrary, codominant (comparison between
models 5 and 7) and dominant models (compa-
rison between models 4 and 7) could not be re-
jected (x%1 df = 0.00, P > 0.05 and %21 df = 0.39,
P > 0.05, respectively). Iteration of the t2 para-

Parameters

Hypothesis d t q H Z tl 12 3 -2ln(L}+C
1-  Notrasmission ) [{0)] {0 D) (1.0) 2002.67

{g=H = O}. Sporadic
Multifactorial
2-  Nocohort effect (0] ()]} ()} 0.77 1.0y 1420.80
3-  Cohorteffect 0 (0] {0) 0.68 0.14 1450.23
Major locus
4- Dominant (1) 56 0.0012 | () (1.0) (1.0) (0.5 ©) | 107252
5-  Codominant (0.5} 10.3 0.0012 {3 . {1.0) (1.0} (0.5) (4] 1072.13
6- Recessive (0) 6.7 0.0374 (0) (1.0) (1.0) (0.5) {0) 1375.47
7-  Unrestricted d 1.0 5.6 0.0012 {0 (LO)Y {1.00 0.5) (@ 1072.52
8- Unrestricted d and 12 1.0 32 0.0200 {0 (1.0 (1.0) 0.0 (1)) 771.834
Mixed model
9-  Unrestricted d (1} 5.10 00012 ] 0.004 (1.0Y (1.Y (0.5) (M 107282
10- no transmission of 1.0 5.10 0.0012 | 0.004 (1.0) 0.59 0.99 0.99 207587

major effect {1's equal)

d=dominance; t = standard deviations among homozygotes;
heritabilities. t1, 12, t3 = Elston probabilities,
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meter in the model of major gene yield an abrupt
fellen in the value of t2 with asymptote in 0.
Significant differences were found when models
7 and 8 were compared among them (321 df =
297.69, P » 0.0001). Iteration of the t2 parame-
ter also cause a considerable increment in the
frequency of the major gene. Model postulating
no polygenic component in the mixed model
could no be rejected (comparison of models 7
and 9) (31 df = 0.30, P < 0.05), while the mo-
del of no major component in the mixed model
was rejected (comparison of models 2 and 9) (x*3
df = 347.98, P < 0.0001). Finally, the model of
non- transmission of major effect (t1 = 12 =
t3)}comparison of models 9 and 10) was rejected
(%21 df = 1003.05, P < 0.0001).

The estimations of penetrance {affection status/
genotype) and risk (genotype/affection status)
values according to the two susceptibility classes
are shown in table 2. It is worth mentioning that
the probability to be affected when an individual
is heterozygote (those individuals with a greater
risk) is greater for males, reaching a value close
to 50% (45.23).

DISCUSSION

Thus far, the most parsimcnious model of inheri-
tance for CLP is that of a major gene (dominant-
codominant) without multifactorial effects. From

Table 2. Estimations of penetrance and risk values

P(affection/genotype)
Incidence [Threshold | AA Aa - aa
Males 00120 | 5.58585 |.50030 | .50030 | .00000
Females| 00076 | 6.04485 |.31684 | 31684 | .00000
P(genotype/alfecction status)
Lijability = males
P(G/A) D0G60 |.99940 | 00000
P(G/N) 00000 |.00120 | 99880
Liabitity =females
P(G/A) 00060 |.99940 | .00000
P{G/N} 00000 | 00164 | 99836
Over classes
P(G/A) 00060 |.59940 |.00000
P(G/N) 00000 | .00142 | 99858
PG 00000 1.00240 199760
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the general unrestricted model (model 9), it is
deduced that the gene frequency of this major
gene is 0.0012 with a high penetrance. We found
that the (2 iteration in the major gene model with
unrestricted d, result in a significantly improving
of the model likelihood. This aspect can be ex-
pressing the interaction of at least two major ge-
nes, and make that our analysis will be compatible
with that supporting oligogenic interactions. For
example, Farral and Holders (1992) found that a
monogenic/additive model is strongly rejected.
The limited available twin data are also consis-
tent with this model. A “major gene” interacting
epistatically with an oligogenic background is
shown to be a plausible alternative. In the same
way, as has been pointed by Mitchell and Risch
(1993), the pattern of recurrence among MZ twins
and more remote relatives of CLP probands is not
consistent with single major locus inheritance but
is compatible with either an MFT model or a model
specifying multiple interacting loci. Estimations
of penetrance by using conditional probabilities
on both the genotype and the status considering
the existence of a dominant major gene are pre-
sented in table 2. In this table is showed that pe-
netrance for each liability class, males and
females is 50% and 30% respectively and that
most of individuals being affected by CLP are
those individuals being heterozygotes.

Although the results of the present analysis are
embedded in the results of many other studies,
they could be important in several ways: first, they
are compatible with other reperts on the mode of
inheritance of CLP in other Latin American com-
munities (Chilean popuiation) (Palomino et al.,
1997, Blanco et al., 1998b). The hypotheses of
ethnic heterogeneity in the CLP risk has been tes-
ted in other studies, such as those of Chung et af.
{1989), Amidei er af. (1994), Blanco and Rosales
{1988), but the results were not conclusive. The
results of this analysis could reflect a homoge-
nous behavior of the major genes which account
for the susceptibility to develop CLP in the Latin
American admixture populations. Second, the use
of linkage analysis for CLP makes the results of
this segregation analysis important since an in-
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correctly specified model leads to difficulties.
Moreover, misprediction of allele frequencies,
especially in the presence of sporadic cases of
CLP, will greatly influence the power of any
linkage study. Third, empiric risks can be used
in clinical practice for counseling. One objecti-
ve of segregation analysis is to define a more
accurate estimate of risk than could be obtained
through empiric calculations, which ignore the
etiology of the disorder (Houlston et al., 1991).
Fourth, as has been pointed out by Lalouel e af.
(1983), dominance at the major locus leads to
greater correlation between sibs than between
parent and offspring. The later observation may,
however, result from a variety of other factors
such as a common sibling environment, trends of
variance components with age, or deviations from
assumptions about linearity and additivity effects.
More generally, multifactorial transmission may
concern environmental as well as genetic effects.
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