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Abstract
Objective—The purpose of this study was to determine whether the candidate genes previously
studied in subjects with cleft lip, cleft palate, or both are associated with hypodontia outside the
region of the cleft.

Subjects—One hundred twenty subjects from the Iowa Craniofacial Anomalies Research Center
were selected based on the availability of both dental records and genotype information.

Method—The type of orofacial clefting and type and location of dental anomalies (missing teeth,
supernumerary teeth, or peg laterals) were assessed by dental chart review and radiographic
examination. Genotype analysis of candidate genes was performed using polymerase chain reaction/
single-strand conformation polymorphism analysis.

Results—The prevalence of hypodontia in this sample was 47.5%, with 30.0% of subjects having
missing teeth outside the cleft. There was a positive association between subjects with cleft lip or
cleft lip and palate who had hypodontia outside the cleft region (compared with noncleft controls)
and both muscle segment homeo box homolog 1 (MSX1) (p = .029) and transforming growth factor
beta 3 (TGFB3) (p = .024). It was not possible in this analysis to determine whether this association
was specifically associated with orofacial clefting combined with hypodontia or whether it was due
primarily to the clefting phenotype.

Conclusions—In this sample, there was a significantly greater incidence of hypodontia outside
the cleft region in subjects with cleft lip and palate, compared with cleft lip only or cleft palate only.
Cleft lip and/or palate with hypodontia outside the cleft region was positively associated with both
TGFB3 and MSX1, compared with noncleft controls.
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The prevalence of cleft lip with or without cleft palate (CL/P) varies depending on racial and
ethnic backgrounds (Croen et al., 1998), geographic origin (Vanderas, 1987), and
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socioeconomic status (Lidral et al., 1997; Schutte and Murray, 1999). In some populations, the
prevalence is as frequent as 1:500 births and in others it may be as low as 1:2500 births (Schutte
and Murray, 1999). The etiology of clefting is complex and involves both genetic and
environmental factors. Recent evidence confirms that gene-environment interactions
contribute significantly to the risk for CL/P (Shaw et al., 1996; Romitti et al., 1999).

Numerous studies have reported the presence of dental anomalies in association with various
forms of cleft lip, cleft palate, or both. The anomalies consist of variations in number, size, and
position of developing teeth (Ranta, 1982, 1988; Ranta et al., 1983; Tsai et al., 1998; Shapira
et al., 2000). Evidence that individuals with CL/P have a greater prevalence of hypodontia in
areas outside the cleft, compared with control individuals, is less conclusive. In the general
population, the prevalence of hypodontia (excluding third molars) has been reported to range
from 3% to 10% (Dolder, 1936; Brown, 1957; Eidelman et al., 1973; Graber, 1978; Ranta,
1988; Nieminen et al., 1995). Studies of subjects with clefts have found the prevalence of
premolar agenesis to range from 18% to 27.8% (Olin, 1964; Tsai et al., 1998; Shapira et al.,
1999; Eerens et al., 2001). In contrast, when Lekkas et al. (2000) examined unoperated adult
patients with cleft, they found no absence of permanent teeth in the maxillary arch outside the
cleft (distal to the canines), suggesting that the surgical procedure done to close palatal clefts
disrupts the formation of the developing tooth buds. Interestingly, their subjects had a lower
prevalence of hypodontia than that cited in other studies of subjects without cleft.

Evidence for a similar genetic etiology for phenotypes including the simultaneous occurrence
of both orofacial clefting and hypodontia comes from a variety of sources. First, mouse
knockout models for genes including muscle segment homeo box homolog 1 (MSX1) and
paired box gene 9 (PAX9) result in a phenotype that includes cleft palate and hypodontia
(Satokata and Maas, 1994; Peters et al., 1998). Second, a number of single-gene disorders such
as Van der Woude syndrome, ectrodactyly-ectodermal dysplasia-clefting syndrome, and
Kallmann's syndrome have both clefting and hypodontia as typical phenotypic findings (Ranta
and Rintala, 1983; King et al., 1994; Molsted et al., 1997).

Previous studies found an association between CL/P and the genes MSX1, transforming growth
factor beta 3 (TGFB3) and transforming growth factor alpha (TGFA) and between cleft palate
only (CPO) and MSX1 (Ardinger et al., 1989; Lidral et al., 1998). In addition, MSX1 and
PAX9 mutations have been identified in families with specific patterns of hypodontia
(Vastardis et al., 1996; Stockton et al., 2000; Jumlongras et al., 2001; Lidral and Reising,
2002) and in an extended family with both clefting and hypodontia (van den Boogaard et al.,
2000).

The purpose of this study was to determine whether the candidate genes previously studied in
subjects with CL/P are associated with hypodontia outside the cleft in these subjects. In
addition, the prevalence of various dental anomalies was assessed relative to the type of cleft
[cleft lip only (CLO), CL/P, or CPO] and the location of the anomaly (outside the cleft or within
the cleft area).

Materials and Methods
Subject Ascertainment and Chart Review

Subjects were originally ascertained as a population-based case-control study within the
University of Iowa Craniofacial Anomalies Research Center (CARC; Lidral et al., 1998). This
study had University of Iowa institutional review board approval, and informed consent was
obtained from all subjects. For the current study, a subset of the CARC subjects were used on
the basis of the availability of dental records, genotyping information, and a DNA sample.
Dental radiographs are made routinely on all children seen in the Craniofacial Anomalies Clinic
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for diagnostic purposes. Subjects with clefting that was associated with a syndrome were
excluded. There were 120 subjects who met all criteria. One hundred ninety subjects were
excluded because of lack of dental examination findings. Of these, 46 subjects had CLO, 94
subjects had cleft lip and palate, and 50 subjects had CPO. The subset of subjects who met all
criteria had been previously genotyped for variants in the candidate genes MSX1 and TGFA
and TGFB3 (Lidral et al., 1998). As part of the current study, subjects were genotyped for a
newly identified PAX9 variant located in the 3′ untranslated region (UTR) of the gene. A chart
review of all eligible subjects was conducted to verify the type of cleft present and identify
dental anomalies including missing teeth, supernumerary teeth, or malformed teeth (primarily
peg lateral incisors). Findings from the chart review were confirmed by evaluation of available
radiographs.

Genetic Markers
Markers used included MSX1 CA, a dinucleotide repeat (Padanilam et al., 1992); MSX1 1.3,
a single nucleotide polymorphism (Lidral et al., 1998); TGFB3 CA, a dinucleotide repeat
(Lidral et al., 1997); PAX9 3′UTR, a single nucleotide polymorphism; and TGFA TaqI (Basart
et al., 1994). The method of genotyping the MSX1, TGFB3, and TGFA markers was described
in detail elsewhere (Lidral et al., 1997). The PAX9 variant is a single nucleotide change (T to
C) located 818 nucleotides downstream from the translation stop codon. Polymerase chain
reaction was performed in 10-μL reactions containing 2 ng DNA; 200 μM deoxynucleotide
triphosphate (dNTP); 1.5 mM MgCl2; 10 mM Tris/HCl, pH 8.3; 50 mM KCl; 20 μM of each
primer; and 0.01 U Taq polymerase. Thermocycle settings consisted of a denaturation step at
94 degrees for 3 minutes followed by 35 cycles of 94 degrees for 30 seconds, 55 degrees for
30 seconds, and 72 degrees for 30 seconds. PAX9 primers 5′-
ACTTTCTGGCAACGTCTTTG-3′ and 5′-CACTGCATACACCAAATTTG-3′ were used to
amplify an 89-bp fragment. Four microliters of sample were combined with 4 μL of loading
dye, denatured at 94 degrees for 5 minutes, and electrophoresed on a single-strand
conformation polymorphism (SSCP), mutation detection enhancement (MDE) gel for 3 hours
at 20 W. Samples with known genotypes were loaded on each gel as controls. Gels, bonded to
glass plates, were silver stained, air dried, and scored independently by two investigators.

Genetic and Phenotypic Analysis
Subjects with cleft were divided into two groups based on the location of the missing teeth.
Group 1 had missing or extra teeth associated with the cleft only, and group 2 had missing or
extra teeth outside the cleft in addition to anomalies within the cleft region. The regions defined
as “outside the cleft” included the entire mandibular arch and maxillary arch distal to the
canines on the side of the cleft(s). Dental anomalies were classified as missing teeth,
supernumerary teeth, and small teeth (peg laterals). One additional group of control subjects
was included in the analysis of allele frequencies. Group 3 consisted of previously genotyped
noncleft control samples, referred to as CARC controls (Lidral et al., 1998). Allele frequencies
were calculated for each group and each variant of the four candidate genes. Chi square analysis
using Fisher's exact test was used to compare frequencies. A p value of .05 was considered to
be statistically significant. A number of case-control comparisons were made. In the first
analysis, subjects with clefting but no hypodontia outside the clefting region (cleft controls)
were used as controls. In the second analysis, subjects without clefting whose hypodontia status
was unknown (CARC controls) were used as controls. Using the most stringent criteria, the
Bonferroni correction for 40 comparisons would yield an α = 0.00125.

Results
A chart review was completed on 120 subjects who are seen regularly in the University of Iowa
Craniofacial Anomalies Clinic to confirm the type of clefting present and determine the type
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and location of any dental anomalies. A summary of the types of clefts and prevalence of
hypodontia outside the cleft is shown in Table 1.

Of the subjects studied, 31 (25.8%) had bilateral CL/P; 42 (35.0%) had left CL/P; 26 (21.7%)
had right CL/P; and 21 (17.5%) had CPO. Sixty-three (52.5%) of the subjects had no evidence
of hypodontia, and the remainder were missing teeth either in the region of the cleft or outside
the cleft. Thirty-six (30.0%) of the subjects had missing teeth outside the cleft region and 21
(17.5%) had missing teeth that were limited to the region of the cleft.

Genotype analysis of case and control samples for the selected candidate genes are summarized
in Tables 2 and 3. Allele frequencies were determined for each marker and chi square analysis
was used to determine whether there were significant differences among the groups. When
subjects with clefting but without hypodontia were used as controls, there were no significant
differences among allele frequencies for any of the markers studied (Table 2). When noncleft
(CARC) subjects were used as controls, there was a statistically significant difference between
allele frequencies for the marker MSX1 1.3 (p = .026) when control subjects and subjects with
clefting and hypodontia outside the cleft were compared (Table 3).

To determine whether the association with MSX1 1.3 was related to the clefting phenotype
separate from the hypodontia, the chi square analysis was done using noncleft (CARC) controls
with cases defined as those subjects with any type of clefting regardless of their hypodontia
status. There was a significant association (p = .003) for this group of subjects at this marker
as well (Table 4), suggesting that it was the clefting phenotype and not the hypodontia that was
in linkage disequilibrium.

Frequencies of dental anomalies were determined by cleft type and location of the anomaly.
Cleft types were divided into three groups based on the extent of clefting. The first group was
composed of CLO (either bilateral or unilateral); the second group included clefts of both the
lip and palate (bilateral or unilateral cleft lip and palate); the third group included subjects with
CPO. There were significantly more subjects with missing teeth outside the cleft region in
subjects with either CLO or cleft lip and palate, compared with those with CPO (p < .01) (Table
5). This pattern was also true for supernumerary teeth. No supernumerary teeth were detected
in subjects with CPO, and 58% of patients with CLO and 26.7% of subjects with cleft lip and
palate had supernumerary teeth in the region of the cleft. Chi square analysis of these two
subgroups demonstrated a statistically significant difference between the occurrence of
supernumerary teeth in subjects with CLO, compared with those with cleft lip and palate (p
< .01) (Table 5). Peg-shaped lateral incisors are often seen as part of the spectrum of missing
teeth and have frequently been reported in subjects with CL/P (Brook, 1984;Nieminen et al.,
1995). There was no significant association between the occurrence of peg laterals and any of
the clefting types (p = .094). Finally, the occurrence of any of the three dental anomalies
described above in association with different cleft types was assessed. There were significantly
more dental anomalies associated with cleft lip and cleft lip and palate than with CPO (p < .
01) (Table 5).

Based on the evidence that the frequency of hypodontia varied significantly by cleft type, allele
frequencies for each candidate gene were calculated for each cleft type with or without
hypodontia, and these frequencies were compared with CARC controls. This analysis yielded
some surprising results. When subjects with CLO were compared with CARC controls, there
was a statistically significant association in subjects without hypodontia for the MSX1 1.3
marker (p = .011) and for subjects with hypodontia for the TGFB3 marker (p = .009) (Table
6). When subjects with CLO were combined with subjects with cleft lip and palate, there was
a positive association with the MSX1 1.3 marker (p = .029) and the TGFB3 marker (p = .024)
for subjects with hypodontia and for PAX9 and MSX1 1.3 in subjects without hypodontia (p
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= .045 and p = .037, respectively). When subjects with cleft lip and palate were considered
separately, there were no significant associations in subjects without hypodontia but the
significant association with the MSX1 1.3 marker in subjects with hypodontia remained (p = .
026). In subjects with CPO, there was a significant association with the MSX1 1.3 marker for
subjects without hypodontia (p = .028).

Discussion
The purpose of this study was to compare patterns of hypodontia in children with CL/P and
determine whether hypodontia outside the area of the cleft is associated with one or more of
the candidate genes for clefting. The frequency of hypodontia outside the cleft region found
in this study (30.0%) was comparable with that reported in a number of previous studies (18%
to 27.8%; Olin, 1964; Tsai et al., 1998; Shapira et al., 1999; Eerens et al., 2001) but in conflict
with the findings of one study of the prevalence of hypodontia in adults with unoperated clefts
(Lekkas et al., 2000). It is not clear why there is such a discrepancy in the findings of these
authors, but because the prevalence of hypodontia in both the unoperated cleft subjects and
controls in this study were lower than what has been reported in the general population, it is
possible that this particular group of subjects has an inherently lower prevalence of hypodontia.

Supernumerary teeth frequently have been reported in children with cleft lip or cleft lip and
palate (Fishman, 1970; Ranta, 1988; Tsai et al., 1998) but infrequently reported in children
with CPO (Fishman, 1970; Larson et al., 1998). This is consistent with findings in the current
study in which there were no supernumerary teeth seen in children with CPO, and the frequency
of supernumerary teeth in children with CLO or with cleft lip and palate was 58% and 27%,
respectively. The frequency of extra teeth in CPO would be expected to be similar to that seen
in noncleft controls, which has been reported to range from 1.3% to 2% (Larson et al., 1998).
The relatively small number of subjects with CPO in this study (n = 22) may explain why no
supernumerary teeth were observed.

Genetic association studies have been done for clefting and hypodontia but not for the combined
phenotype of clefting with hypodontia outside the cleft region. In the current study, candidate
genes that are known to be associated with both phenotypes were analyzed. The selection of
controls in such a study is crucial to the final outcome. By using subjects with clefting but
without hypodontia outside the cleft region as controls, we have focused on the genetic
association of hypodontia. A secondary analysis using control subjects without clefts and with
unknown patterns of hypodontia allowed us to focus on the combined phenotype.

There is good evidence to support the use of the candidate genes analyzed in this study, both
from human studies and mouse knockout models. Therefore, it was surprising that no
significant associations were found between subjects with hypodontia outside the cleft region,
compared with cleft controls without hypodontia. One possible explanation for this is that the
genes that are responsible for clefting with or without hypodontia are essentially the same and
that one subgroup cannot serve as the control for another. There is also evidence that different
genes are responsible for specific patterns of hypodontia. It may be inaccurate to group subjects
with any type of hypodontia outside the cleft region into one group.

To address the first concern, a secondary analysis was performed using control (CARC)
subjects without clefting. Although the hypodontia status of these subjects was not known, it
was assumed to be similar to the prevalence seen in the general (Caucasian) population.
Interestingly, when this group of control subjects was used for the analysis, a significant
association was found with the MSX1 1.3 marker. Lidral et al. (1998) reported a similar finding
for subjects with CL/P and CPO. When the allele frequencies for all the subjects with cleft
were combined (those with and without hypodontia outside the cleft region), this significant
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association was maintained, suggesting that it is the clefting phenotype rather than the
hypodontia that is associated with the MSX1 marker. Further analysis of this marker in subjects
sorted by cleft type showed that the association was maintained for subjects with CLO (without
hypodontia) and subjects with cleft lip and palate who had hypodontia outside the cleft region.
These data lend additional support to previous studies showing that MSX1 plays an important
role in both craniofacial and dental development. Functional and mutation studies that identify
key genes that interact with MSX1 are currently underway and are expected to provide
additional insights into the role this important gene plays in development.

The association of TGFB3 with subjects with clefting and hypodontia outside the cleft was
intriguing. Although this gene has been shown to be associated with nonsyndromic clefting by
a number of investigators (Lidral et al., 1998; Scapoli et al., 2002), its role in hypodontia is
less well understood. Expression studies of TGFB3 suggest that it is involved in the
differentiation of a number of tissues including tooth and palate (Pelton et al., 1990). The
expression pattern of TGFB3 in the developing mouse tooth specifically occurs in the stellate
reticulum during the cap and bell stage and in the dental papilla and preodontoblasts during
the late bell stage (University of Helsinki, 1996). Although this expression pattern does not
suggest a role for TGFB3 in hypodontia, it is conceivable that interactions between this gene
and other craniofacial developmental genes could affect both tooth and palate development.

Because PAX9 has consistently been shown to be associated with specific patterns of
hypodontia, it was interesting to note that in this study, there was a positive association with
clefting in subjects without hypodontia outside the cleft region. Studies in mice have suggested
a role for PAX9 in palatal development and a PAX9 knockout mouse was shown to have a
cleft secondary palate (Peters et al., 1998). To date there is only one documented case of a child
with a microdeletion that included the PAX9 gene who had bilateral CL/P (Schuffenhauer et
al., 1999). Because this child was examined at 3 years of age, there was no report of his
permanent tooth development.

Although a number of associations were significant using a p value of .05, when the most
conservative Bonferroni correction is applied, none of the associations remain significant. In
studies of this type, it is important to repeat these analyses with different samples to confirm
the significance of any findings.

Conclusions
The overall prevalence of hypodontia in this sample of children with CL/P or CPO was 47.5%,
with 30.0% of subjects having missing teeth outside the cleft. Dental anomalies were more
frequently associated with CL/P than with CPO (p < .01). In addition, hypodontia outside the
cleft region was more likely to occur in subjects with cleft lip and palate than with CLO or
CPO (p < .01). Analysis of candidate genes found no significant association between the
subjects with hypodontia outside the cleft region, compared with controls with clefting but no
hypodontia outside the cleft region. However, significant associations were found with the
MSX1 1.3 marker and the TGFB3 CA marker in subjects with clefting who had hypodontia
outside the cleft region when noncleft (CARC) subjects were used as controls.

Using the most stringent statistical analysis, the findings of this study could be interpreted as
being caused by chance. However, previous data supporting this association combined with
biological evidence of a role for these genes in both hypodontia and orofacial clefting suggest
a significant influence from both MSX1 and TGFB3. Future studies will focus on identification
of mutations within the MSX1 and TGFB3 genes in subjects with clefting and/or hypodontia
and functional studies of both MSX1 and TGFB3.
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TABLE 1
Frequency by Cleft Type and Occurrence of Hypodontia Outside the Cleft Region

Type of Cleft* Frequency (%) Hypodontia Outside the Cleft (%)

CL&P 75 (62.5) 32 (26.7)

CLO 24 (20.0) 1 (0.8)

CPO 21 (17.5) 3 (2.5)

 Total 120 (100) 36 (30)

*
CL&P = cleft lip and palate; CLO = cleft lip only; CPO = cleft palate only.

Cleft Palate Craniofac J. Author manuscript; available in PMC 2009 September 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Slayton et al. Page 10
TA

B
LE

 2
G

en
ot

yp
e 

A
na

ly
si

s o
f C

an
di

da
te

 G
en

es
 W

ith
 C

le
ft 

C
on

tr
ol

s

M
ar

ke
r 

an
d 

St
ud

y 
G

ro
up

*

A
lle

le

p 
V

al
ue

1
2

3
4

M
SX

1 
C

A

 
C

le
fti

ng
 w

ith
ou

t h
yp

od
on

tia
11

37
7

89

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

6
9

4
37

.4
63

M
X

S1
 1

.3

 
C

le
fti

ng
 w

ith
ou

t h
yp

od
on

tia
9

13
3

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

4
48

.4
78

TG
FA

 T
aq

I

 
C

le
fti

ng
 w

ith
ou

t h
yp

od
on

tia
13

5
15

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

56
6

.5
82

TG
FB

3 
C

A

 
C

le
fti

ng
 w

ith
ou

t h
yp

od
on

tia
80

44
10

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

21
16

5
.4

67

PA
X

9 
3′

U
TR

 
C

le
fti

ng
 w

ith
ou

t h
yp

od
on

tia
39

12
2

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

14
50

.4
26

* M
SX

 =
 m

us
cl

e 
se

gm
en

t h
om

eo
 b

ox
 h

om
ol

og
 1

; T
G

FA
 =

 tr
an

sf
or

m
in

g 
gr

ow
th

 fa
ct

or
 a

lp
ha

; T
G

FB
3 

= 
tra

ns
fo

rm
in

g 
gr

ow
th

 fa
ct

or
 b

et
a 

3;
 P

A
X

9 
= 

pa
ire

d 
bo

x 
ge

ne
 9

; U
TR

 =
 u

nt
ra

ns
la

te
d 

re
gi

on
.

Cleft Palate Craniofac J. Author manuscript; available in PMC 2009 September 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Slayton et al. Page 11
TA

B
LE

 3
G

en
ot

yp
e 

A
na

ly
si

s o
f C

an
di

da
te

 G
en

es
 in

 S
ub

je
ct

s W
ith

 C
le

fti
ng

 a
nd

 H
yp

od
on

tia
 U

si
ng

 N
on

cl
ef

t (
C

A
R

C
) C

on
tr

ol
s

M
ar

ke
r 

an
d 

St
ud

y 
G

ro
up

†

A
lle

le

p 
V

al
ue

1
2

3
4

M
SX

1 
C

A

 
C

A
R

C
 c

on
tro

l
64

13
9

37
31

0

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

6
9

4
37

.4
49

M
SX

1 
1.

3

 
C

A
R

C
 c

on
tro

l
5

31
3

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

4
48

.0
26

*

TG
FA

 
C

A
R

C
 c

on
tro

l
44

9
53

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

56
6

.5
21

TG
FB

3 
C

A

 
C

A
R

C
 c

on
tro

l
30

3
16

1
22

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

21
16

5
.0

69

PA
X

9 
3′

U
TR

 
C

A
R

C
 c

on
tro

l
7

53

 
C

le
fti

ng
 w

ith
 h

yp
od

on
tia

14
50

.1
01

† M
SX

 =
 m

us
cl

e 
se

gm
en

t h
om

eo
 b

ox
 h

om
ol

og
 1

; T
G

FA
 =

 tr
an

sf
or

m
in

g 
gr

ow
th

 fa
ct

or
 a

lp
ha

; T
G

FB
3 

= 
tra

ns
fo

rm
in

g 
gr

ow
th

 fa
ct

or
 b

et
a 

3;
 P

A
X

9 
= 

pa
ire

d 
bo

x 
ge

ne
 9

; U
TR

 =
 u

nt
ra

ns
la

te
d 

re
gi

on
.

* St
at

is
tic

al
ly

 si
gn

ifi
ca

nt
.

Cleft Palate Craniofac J. Author manuscript; available in PMC 2009 September 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Slayton et al. Page 12

TABLE 4
Genotype Analysis of MSX1 1.3 for Clefting With or Without Hypodontia

Study Group

MSX1 1.3 Alleles

p Value1 2

CARC control 5 313

All clefts 13 181 .003*

CARC control 5 313

Clefting without hypodontia 9 133 .009*

CARC control 5 313

Clefting with hypodontia 4 48 .026*

*
Statistically significant.
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TABLE 6
Genotype Analysis of Candidate Genes by Cleft Type Without (−) or With (+) Hypodontia

Marker and Study Group†

Allele

p Value1 2 3

MSX1 1.3

 CARC control 5 313

 CLO − hypodontia 4 36 .011*

 CLO + hypodontia 0 2 .759

 CL/CL&P‡ − hypodontia 6 104 .037*

 CL/CL&P + hypodontia 4 50 .029*

 CL&P − hypodontia 2 68 .369

 CL&P + hypodontia 4 48 .026*

 CPO − hypodontia 3 29 .028*

 CPO + hypodontia 0 4 .939

TGFB3 CA

 CARC control 303 161 22

 CLO − hypodontia 25 11 2 .862

 CLO + hypodontia 1 0 1 .009*

 CL/CL&P − hypodontia 69 31 6 .689

 CL/CL&P + hypodontia 22 16 6 .024*

 CL&P − hypodontia 44 20 4 .764

 CL&P + hypodontia 21 16 5 .069

 CPO − hypodontia 13 13 2 .239

 CPO + hypodontia 1 1 0 .856

PAX9 3′UTR

 CARC control 7 53

 CLO − hypodontia 10 34 .108

 CLO + hypodontia 1 1 .243

 CL/CL&P − hypodontia 28 92 .045*

 CL/CL&P + hypodontia 13 49 .126

 CL&P − hypodontia 18 58 .056

 CL&P + hypodontia 12 48 .159

 CPO − hypodontia 9 27 .080

 CPO + hypodontia 2 4 .186

†
CL&P = cleft lip and palate; CLO = cleft lip only; CPO = cleft palate only; CARC = no cleft.

‡
Cleft lip only combined with cleft lip and palate.

*
Statistically significant.

Cleft Palate Craniofac J. Author manuscript; available in PMC 2009 September 25.


