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Abstract
Non-syndromic tooth agenesis (or non-syndromic congenitally missing tooth) is one of the

most common congenital defects in humans affecting the craniofacial function and appear-

ance. Single nucleotide polymorphisms (SNPs) have been associated with an individual’s

susceptibility to these anomalies. The aim of the present study was therefore to investigate

the roles of the potentially functional SNPs of BMP2 in the occurrence of tooth agenesis.

Overall, four potentially functional SNPs of BMP2 (rs15705, rs235768, rs235769 and

rs3178250) were selected, and their associations with the susceptibility of tooth agenesis

were evaluated in a case-control study of 335 non-syndromic tooth agenesis cases and 444

healthy controls. The SNPs rs15705 and rs3178250 were found to be associated with an

individual’s risk of tooth agenesis (P = 0.046 and P = 0.039, respectively). Both SNPs

showed an increased risk of mandibular incisor agenesis (rs15705, AA/AC vs. CC = 1.58,

95% CI = [1.06–2.34], P = 0.024; rs3178250, TT/TC vs. CC = 1.60, 95% CI = [1.08–2.37],

P = 0.020). Bioinformatics analysis indicated that these two SNPs located at the 3’-untrans-

lated region (3’-UTR) of BMP2might alter the binding ability of miR-1273d and miR-4639-

5p, respectively, which was confirmed by luciferase activity assays in the 293A and COS7

cell lines (P < 0.001 in 293A and P < 0.01 in COS7 for miR-1273d; and P < 0.001 in both

cells for miR-4639-5p). Furthermore, BMP2mRNA expression decreased after transfecting

either miR-1273d or miR-4639-5p into these two cell lines (P < 0.01 in 293A and P < 0.001

in COS7 for miR-1273d, and P < 0.01 in both cell lines for miR-4639-5p). Taken together,

our findings indicate that rs15705 and rs317250 are associated with the susceptibility of

non-syndromic tooth agenesis by possibly affecting miRNAs and mRNA interaction.
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Introduction
Tooth agenesis (or congenitally missing tooth) is one of the most common congenital defects
in humans, and it may affect individual’s appearance, chewing ability, speech, facial develop-
ment and overall health. The average worldwide prevalence of tooth agenesis (excluding the
third molars) is 6.4%, with the highest prevalence in Africans, followed by Europeans, Asians,
Australians, and then North Americans, Latin Americans and Caribbeans [1]. In the Chinese
population, a prevalence of 5.89% in the general population and 7.48% in orthodontic subjects
has been reported, with the second mandibular premolars and the maxillary lateral incisors
most frequently affected [2]. However, for Caucasians, the most common congenitally missing
teeth (excluding the third molars) are the second mandibular premolars, the maxillary lateral
incisors, and the maxillary second premolars [3].

Tooth agenesis can be classified into two main types: syndromic and non-syndromic. Syn-
dromic tooth agenesis refers to complex developing syndromes associated with a congenitally
missing tooth or teeth, such as non-lethal Raine syndrome [4], cleft lip and palate [5] and
HATS syndrome [6]. In contrast, non-syndromic tooth agenesis typically involves a congeni-
tally missing tooth in an isolated form without any other major birth defects.

The development of non-syndromic tooth agenesis has resulted from multiple factors [7].
Genetic factors may play a vital role, as suggested by the substantial prevalence variation
among different ethnic groups, twin analyses as well as family studies [8–10].

SNPs are single DNA sequence variations occurring in the genome, and these are the most
common form of genetic variation among humans, accounting for more than 90% of the
known variation [11]. They are associated with various types of human traits, including non-
syndromic tooth agenesis. For instance, Haga S. et al. conducted a genome-wide association
study and found strong association between rs1469622 and the third molar agenesis [12]. Fur-
thermore,WNT10A variations contributed to severity of tooth agenesis in Song’s study [13].
However, these identified SNPs far from clearly elucidated the genetic susceptibility of non-
syndromic tooth agenesis [14]. Therefore, to better understand the etiology of non-syndromic
tooth agenesis, other susceptible SNPs need to be identified.

The bone morphogenetic protein (BMP) family, comprising an extensive group of phyloge-
netically conserved growth factors, such as BMP2, BMP4 and BMP7, plays an important role
during tooth development. For instance, the BMP4 expression pattern coincides with the bud-
to-cap stage transition in tooth development [15]. Our previous study found that SNP rs17563
of BMP4 is associated with non-syndromic tooth agenesis [16].

BMP2, another important member of the BMP family, is known to be involved in regulating
tooth initiation and shape development and can induce human tooth germ cells to differentiate
into odontogenic and osteogenic cells [17–18]. It is mainly localized to the developing tooth
buds, jawbone, and striated and smooth muscle in human embryos [19]. In mice, BMP2
expressed in the presumptive dental epithelium [20], could result in the arrest of tooth develop-
ment after knockdown [21]. In vitro, BMP2 regulates the odontogenic differentiation of dental
pulp cells and controls the mineralization processes of the dentin formation [22].

In summary, these findings demonstrate the important roles of BMP2 during tooth develop-
ment. Previous studies have tried to investigate the genetic contributions of BMP2 in the family
or in sporadic non-syndromic tooth agenesis, but the results were not consistent. In the present
study, we designed an ongoing hospital-based case-control study and selected four potentially
functional SNPs of BMP2 to explore their associations with the risk of non-syndromic tooth
agenesis.
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Materials and Methods

Human Subjects
This study consisted of 335 non-syndromic tooth agenesis cases and 444 healthy controls from
the Affiliated Stomatological Hospital of Nanjing Medical University and Nanjing First Peo-
ple’s Hospital between October 2005 and March 2014 [16]. All cases eligible with at least one
missing permanent tooth (the third molar excluded) were recruited with the following exclu-
sion criteria, which were also described in our previous study: (1) cleft lip and/or palate or
other syndromes, such as non-lethal Raine syndrome [4] or HATS syndrome [6], (2) tooth
absence due to trauma, periodontal disease, extraction, caries or fused tooth, and (3) the second
molar germ absence in the mixed dentition stage. All controls had complete dentition, includ-
ing their third molars, without any other craniofacial deformity. Approximately 2 ml of whole
blood was collected from all subjects using an anticoagulant dying tube with EDTA, and the
blood sample was separated immediately into plasma and cellular fractions by centrifugation at
3,000 rpm for 6 min at 4°C. According to the clinical and radiographic examination and the
dental treatment history, two researchers assessed the cases and controls. All samples involved
in the study were genetically unrelated members of the Chinese population. After informing
the participants and their parents or guardians of the main objective and whole process of the
study, written informed consent (as outlined in PLOS consent form) to participate in this study
and to publish the case details were obtained from all participants. The present study was
approved by the Institutional Review Board of Nanjing Medical University (PJ2004-030-001).

Selection of potentially functional BMP2 SNPs
The aim of the present study was to evaluate the associations between potentially functional
SNPs of BMP2 and the risks of non-syndromic tooth agenesis. The potentially functional SNPs
of BMP2 were selected from the dbSNP database (http://www.ncbi.nlm.nih.gov/snp/) and
SNPinfo (http://snpinfo.niehs.nih.gov/) based on the following criteria: (1) a MAF (minor
allele frequency)� 5% in the Chinese population, and (2) a location in the 5’flanking regions,
5’-UTR, 3’-UTR, or coding regions leading to amino acid changes [23].

DNA extraction and Genotyping
Genomic DNA was extracted from the samples by conventional methods with the QIAmp
Blood kit (QIAGEN, Germany). Selected SNPs were genotyped according to the conventional
TaqMan-MGB methodology on an ABI-Prism 7900 instrument (Applied Biosystems, Foster
City, CA). The primers of the Taqman probes are listed in S1 Table. Two duplicates and one
negative control (water) were chosen in the TaqMan assays for quality control. Two research-
ers reviewed the genotyping results independently in a blind manner. In addition, 10% samples
were randomly selected for repeat analysis, and the results were 100% concordant. The call rate
of the cases and controls is listed in S2 Table. DNA samples that failed to be genotyped were
excluded from further analyses.

Cell Culture
The 293A and COS7 cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM;
Gibco, Darmstadt, Germany) comprised of 10% fetal bovine serum (FBS), 100 U/ml penicillin
and 100 mg/ml of streptomycin in a humidified atmosphere containing 5% CO2 at 37°C. The
culture medium was replaced every other day.
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Luciferase reporter plasmid construction and luciferase reporter assay
The BMP2 3’-UTR region containing rs15705 (A/C) and rs3178250 (T/C) was synthesized
wild type (rs15705 A allele and rs3178250 T allele, WT) and mutation type (rs15705 C allele
and rs3178250 C allele, MT), and inserted between the restrictive sites XhoI and NotI of psi-
CHECKTM-2 vector (Promega, Madison, WI, USA). DNA sequencing was used to confirm the
accuracy of the constructed plasmids (S1 Fig).

For the luciferase activity assay, 293A and COS7 cell lines were co-transfected with BMP2
3’-UTR luciferase reporter WT or MT plasmids and miR-1273d or miR-4639-5p mimics with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for 4–6 h. The samples were then split by
passive lysis buffer 24 h after transfection before being assayed for luciferase activity using a
Dual-Luciferase Reporter Assay System (Promega). The ratio of Firefly luciferase to Renilla
luciferase was calculated to evaluate the luciferase activity. Each plasmid experiment was repli-
cated in triplicate with three duplication wells.

miRNA Transfection and Real-time Quantitative PCR
293A and COS7 cells were transfected with miR-1273d mimics or miR-4639-5p mimics,
respectively, with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for 48 h, and split by
TRIzol reagent (Invitrogen) according to the manufacturer’s protocol. cDNA synthesis was
conducted with 1μg total RNA processed with the cDNA synthesis kit (Takara, Shiga,
Japan). Real-time quantitative PCR was performed using Power SYBR Green on a 7900
Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). The primers were
BMP2-F: CCAGGTTAGTGACTCAGAACAC and BMP2-R: TCATCTTGGTGCAAAGA
CCTGC. The expression levels of BMP2mRNA were normalized to the expression levels of
the control gene GAPDH. Each plasmid transfection was performed in triplicate, with three
duplication wells.

Statistical Analysis
All tests were performed with SAS software (version 9.1; SAS Institute, Inc., Cary, NC, USA).
Distributions in the gender and age were tested by Chi-Square test and Independent-Sample t
test. The Hardy-Weinberg equilibrium (HWE) was assessed in the controls by a goodness-of-
fit χ2 test (P> 0.05). The odds ratio (OR) and 95% confidence interval (CI) were used to esti-
mate associations between the SNPs and the corresponding risk of tooth agenesis.

Linkage disequilibrium (LD) and haplotype analysis were assessed by Phase 2.1 software
according to the D0 and r2 values. Luciferase activity analysis and qPCR were calculated by
Student0s t test and one-way analysis of variance (ANOVA).

Results

Characteristics of the samples
In the current case-control study, we enrolled 335 cases (mean age: 16.42 ± 6.57) and 444 con-
trols (mean age: 17.05 ± 8.34). Selected characteristics of all samples are shown in S3 Table.
The ages and genders of the participants were both well-matched between the cases and con-
trols (P = 0.265 and P = 0.602, respectively).

The distributions of the congenitally missing tooth among the cases are presented in Fig 1.
The most commonly missing tooth was the mandibular incisor (N = 194), followed by the
mandibular premolar (N = 64) and maxillary incisor (N = 56).

SNPs Located at BMP2Contributed to Non-Syndromic Tooth Agenesis

PLOS ONE | DOI:10.1371/journal.pone.0158273 June 30, 2016 4 / 12



SNPs identification and genotyping
According to the criteria used for the SNP selection, four SNPs (rs15705, rs235768, rs235769
and rs3178250) were selected for the present analysis. SNPs rs15705, rs235769 and rs3178250
were located in the 3’-UTR, while SNP rs235768 was located in the exon of BMP2. All SNPs
were successfully genotyped with a call rate> 99% among the cases and controls. In addition,
the genotype distributions of the four SNPs in the controls were all consistent with HWE with
P> 0.05.

Overall analysis between BMP2 SNPs and the risk of tooth agenesis
The overall associations between the four SNPs (rs15705, rs235678, rs235679 and rs3178250)
and the tooth agenesis risks are presented in Table 1. For each SNP, genotype and allele fre-
quency, the P value for their distribution between cases and controls, genotype comparison
(including co-dominant, dominant and recessive model) and allele comparison were provided.

For rs15705, the distribution of AA/AC/CC was 120/236/85 among the controls and 103/
150/82 among the cases, which was statistically significant (P = 0.046). However, its allele dis-
tributions, C/A, were 406/476 and 314/356 in the controls and the cases, respectively, which

Fig 1. Distributions of congenitally missing tooth.

doi:10.1371/journal.pone.0158273.g001
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were not significantly different (P = 0.744). We further performed logistic regression analysis
with different comparison models. Specifically, the OR and 95% CI was 0.74 [0.53–1.03] and
1.12 [0.75–1.68] for AC vs. AA and CC vs. AA under the co-dominant model, 0.84 [0.62–1.15]
for AC/CC vs. AA under the dominant model, and 1.36 [0.96–1.91] for AA/AC vs. CC under
the recessive model. In addition, the OR and 95% CI for C vs. A was 1.03 [0.85–1.27]. The asso-
ciation results for the other three SNPs are also presented in the same way. In sum, based on
the single SNP analysis, we found that rs15705 and rs3178250 were potentially associated with
an increased susceptibility to tooth agenesis, and we therefore conducted further subgroup
analysis according to the position and severity of tooth agenesis.

Subgroup analysis according to the position of tooth agenesis
The results are presented in Table 2, S4 and S5 Tables. We found significant associations
between rs15705 or rs3178250 and mandibular incisor agenesis. As shown in Table 2, the dis-
tribution of rs15705 AA/AC/CC was 120/236/85 among the controls and 52/89/53 among the
cases, such that this SNP shows a significant association with mandibular incisor agenesis (AA/
AC vs. CC = 1.58, 95% CI = [1.06–2.34], P = 0.024). Similar results were found for rs3178250.
Compared with the rs3178250 TT/TC genotype, the rs3178250 CC genotype contributes to a
higher risk of mandibular incisor agenesis (TT/TC vs. CC = 1.60, 95% CI = [1.08–2.37],
P = 0.020).

There were no significant associations between rs15705 or rs3178250 and other types of
congenitally missing teeth. Detailed information is shown in S4 and S5 Tables.

Table 1. Associations between the four BMP2 SNPs and tooth agenesis susceptibility.

Genotype Controls Cases Pa Pattern OR (95% CI) b

N = 444 (%) N = 335 (%)

rs15705 (A > C) AC vs. AA 0.74 [0.53–1.03]

AA 120 (27.2) 103 (30.7) 0.046 CC vs. AA 1.12 [0.75–1.68]

AC 236 (53.5) 150 (44.8) AC / CC vs. AA 0.84 [0.62–1.15]

CC 85 (19.3) 82 (24.5) AA / AC vs. CC 1.36 [0.96–1.91]

C / A allele 406 (46.0)/ 476 (54.0) 314 (46.9)/ 356 (53.1) 0.744 C vs. A 1.03 [0.85–1.27]

rs235768 (T > A) TA vs. TT 1.00 [0.74–1.36]

TT 265 (59.8) 207 (61.8) 0.149 AA vs. TT 0.51 [0.26–1.03]

TA 148 (33.4) 116 (34.6) TA / AA vs. TT 0.92 [0.69–1.23]

AA 30 (6.8) 12 (3.6) TT / TA vs. AA 0.51 [0.26–1.02]

A / T allele 208 (23.5)/ 678 (76.5) 140 (20.9)/ 530 (79.1) 0.226 A vs. T 0.86 [0.68–1.10]

rs235769 (G > A) GA vs. GG 1.00 [0.74–1.36]

GG 274 (62.0) 212 (63.5) 0.343 AA vs. GG 0.60 [0.29–1.21]

GA 142 (32.1) 110 (32.9) GA / AA vs. GG 0.94 [0.70–1.26]

AA 26 (5.9) 12 (3.6) GG / GA vs. AA 0.60 [0.30–1.20]

A / G allele 194 (21.9)/ 690 (78.1) 134 (20.1)/ 534 (79.9) 0.368 A vs. G 0.89 [0.70–1.14]

rs3178250 (T > C) TC vs. TT 0.74 [0.53–1.04]

TT 121(27.5) 103 (30.8) 0.039 CC vs. TT 1.15 [0.77–1.71]

TC 236 (53.5) 149 (44.6) TC / CC vs. TT 0.85 [0.62–1.16]

CC 84 (19.0) 82 (24.6) TT / TC vs. CC 1.38 [0.98–1.95]

C / T allele 404 (45.8)/ 478 (54.2) 313 (46.9)/ 355 (53.1) 0.681 C vs. T 1.04 [0.85–1.28]

aTwo-side chi-square test for differences in the frequency distribution of the genotypes between the cases and controls
bOR, odds ratio; 95% CI, 95% confidence interval.

doi:10.1371/journal.pone.0158273.t001
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Subgroup analysis according to the severity of tooth agenesis
According to the severity of tooth agenesis, all cases were divided into two groups: cases with
three or fewer absent teeth, and cases with more than three absent teeth. However, as shown in
S6 Table, no significant associations were observed.

Moreover, we performed haplotype analysis on these four SNPs. However, none of the hap-
lotypes (CTGC, ATGT and AAAT) was found to be significantly associated with susceptibility
to tooth agenesis in either the overall or subgroup analysis (S7 Table).

Functional studies on rs15705 and rs3178250
Bioinformatics analysis with four databases (Targetscan: http://www.targetscan.org/, miRanda:
http://www.microrna.org/, MirSNP: http://bioinfo.bjmu.edu.cn/mirsnp/search/ and miRDB:
http://www.mirdb.org/miRDB/) showed that rs15705 is located within the potential binding
site of miR-1273d. An A to C alternation could thus contribute to an increase in the binding of
target miRNAs. A similar effect was observed on rs3178250 and miR-4639-5p, in which the
rs3178250 T allele to C allele alternation could contribute to an increased binding ability to the
target miRNAs. Therefore, these predictions provide a possible underlying mechanism for how
these SNPs contribute to increasing the susceptibility to tooth agenesis.

To test these predictions, the 1174bp BMP2 3’-UTR region with wild type (WT) or mutation
type (MT) was cloned into the psiCHECKTM-2 vector to construct the plasmids and perform a
luciferase reporter assay. Control, WT or MT plasmids and their respective miRNAs were co-
transfected into 293A cells and COS7 cells. As shown in Fig 2A, the rs15705 A and C alleles
contributed to significantly different relative luciferase expression in the two cell lines
(P< 0.001 in 293A and P< 0.01 in COS7), indicating their possible differential binding effi-
ciency with miR-1273d. Similarly, rs3178250 might also be able to affect the binding ability
between BMP2 3’-UTR and miR-4639-5p in both cell lines (P< 0.001 in 293A and P< 0.001
in COS7, Fig 2B). Similar results were observed when co-transfected with 10pmol, 20pmol or
40pmol miR-mimics and psiCHECK-2 plasmids (S2 Fig). Furthermore, we found that either
miR-1273d or miR-4639-5p, when transfected into these two cell lines, resulted in decreased
BMP2mRNA expression (P< 0.01 in 293A and P< 0.001 in COS7 for miR-1273d, and

Table 2. Association ofBMP2 SNPs and risk of mandibular incisor agenesis.

Genotype Controls Mandibular incisor agenesis Pattern Pa OR (95% CI) b

N = 444 (%) N = 194 (%)

rs15705 (A > C) AC vs. AA 0.503 0.87 [0.58–1.31]

AA 120 (27.2) 52 (26.8) CC vs. AA 0.131 1.44 [0.90–2.31]

AC 236 (53.5) 89 (45.9) AC / CC vs. AA 0.915 1.02 [0.70–1.50]

CC 85 (19.3) 53 (27.3) AA / AC vs. CC 0.024 1.58 [1.06–2.34]

C/A allele 406 (46.0)/ 476 (54.0) 195 (50.3)/ 193 (49.7) A vs. C 0.165 1.19 [0.93–1.50]

rs3178250 (T > C) TC vs. TT 0.528 0.88 [0.59–1.32]

TT 121 (27.5) 52 (26.8) CC vs. TT 0.111 1.47 [0.92–2.36]

TC 236 (53.5) 89 (45.9) TC / CC vs. TT 0.869 1.03 [0.71–1.51]

CC 84 (19.0) 53 (27.3) TT / TC vs. CC 0.020 1.60 [1.08–2.37]

C / T allele 404 (45.8)/ 478 (54.2) 195 (50.3)/ 193 (49.7) T vs. C 0.143 1.20 [0.94–1.52]

a Two-sided chi-square test
b OR, odds ratio; 95% CI, 95% confidence interval.

doi:10.1371/journal.pone.0158273.t002
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P< 0.01 in both cell lines for miR-4639-5p). This further confirms the potential interaction
between these two miRNAs and BMP2 3’-UTR (Fig 3).

Discussion
BMP2 is important for tooth development. As a member of the BMP pathway, BMP2 acts from
a distance to influence cell behavior by interacting with other pathways, such as the Wnt/β-
catenin signaling pathway [21]. Mutations and genetic variants of this pathway, such as
WNT10A, AXIN2 and LRP6, have all been well recognized as susceptibility factors of tooth
agenesis [24–26]. BMP2 is a downstream target ofMSX1 in the dental epithelium and mesen-
chyme.MSX1 can inhibit its expression to promote proliferation and prevent the differentia-
tion of dental mesenchymal cells, thereby contributing to tooth agenesis [27]. The interaction
between BMP2/7 and the p38αMAPK pathway is also critical for the morphogenesis of tooth
cusps and the secretion of dental enamel [28]. In addition, BMP2 plays important roles in the
development of incisors [29]. Therefore, genetic variants of BMP2 are potentially susceptibility
factors for non-syndromic tooth agenesis.

Fig 2. The renilla-to-firefly luminescence ratio comparison when co-transfecting 293A and COS7 cells with the BMP2 3’-UTR
reporter andmiR-mimics. PsiCHECK-2 without the insert or with theWT or MT plasmids was transfected respectively (A) or co-
transfected with the miR-1273d mimics (B) or miR-4639-5p mimics (C) in the 293A and COS7 cell lines. Data were derived from three
independent experiments with three replicates.

doi:10.1371/journal.pone.0158273.g002

Fig 3. BMP2mRNA expression in cells after transfenction with miRNAmimics.MiR-1273d mimics (A) or miR-4639-5p mimics (B) were
transfected into 293A or COS7 cells. Transcript levels were analyzed by qPCR and normalized toGAPDH levels. Error bars indicate the +SD obtained
from three independent experiments following three replicates.

doi:10.1371/journal.pone.0158273.g003
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Several studies have previously been conducted to investigate this issue. For instance, two
mutations of BMP2 were detected in two Mexican families with tooth agenesis [30]. In Chinese
populations, as far as we know, two studies have focused on genetic variations of BMP2 and
the risk of tooth agenesis. Liu H and his colleges found two SNPs (rs3178250 and rs235768) of
BMP2 with no association with tooth agenesis [31]. Nevertheless, in another study, one novel
BMP2 gene mutation was found in association with tooth agenesis [32]. Thus, these studies
provided us with a limited yet conflicted understanding of the genetic contributions of BMP2
in the development of tooth agenesis, which inspired us to conduct the present study.

In our study, four potentially functional SNPs (rs15705, rs235768, rs235769, and
rs3178250) in the BMP2 gene were chosen and investigated in a case-control study of 335
tooth agenesis cases and 444 controls to clarify their associations with non-syndromic tooth
agenesis as well as specific types and severity of tooth agenesis. Our results showed that
rs15705 and rs3178250, located at the 30-UTR of the BMP2 gene, are potentially associated
with non-syndromic tooth agenesis. In the following stratified analysis, both rs15705 and
rs3178250 showed associations with mandibular incisor agenesis. However, we did not find
any associations with the severity of tooth agenesis.

Furthermore, bioinformatics analysis and our in vitro studies indicated that the mutant
allele of rs15705 and rs3178250 were likely to increase binding ability of miRNAs, thereby
resulting in the decreased expression of BMP2. In addition, the previous studies also indicated
that rs15705 is associated with different protein binding affinities and a higher mRNA decay
rate compared to normal sequence [33–34]. Although such in vitro functional studies cannot
fully represent the true in vivo scenario, they suggest the possibility that these two SNPs might
modify the expression of BMP2 during tooth development and impose potential effects on the
biological processes in which BMP2 is involved in, contributing to the failure of tooth
development.

Two major limitations of the present study should be addressed. First of all, our associations
were border-line, in that they were not strong enough to withstand multiple corrections. Nev-
ertheless, our study, along with functional studies by Fritz et al. and Devaney et al. have consis-
tently indicated that these associated SNPs are functional; therefore, it is quite possible that
these associations are genuine. In addition, based on our sample size, we still had 76.5% power
to achieve these results. That said, further replication studies will be required to verify our find-
ings. Secondly, further functional studies on the SNPs, assessing their influence on the BMP2
protein levels as well as the other genes involved in the BMP2 pathway, will be warranted to
clarify their functional significance.

Taken together, our study indicated that rs15705 and rs3178250, located at the BMP2 3’-
UTR and potentially affecting the miRNA-mRNA interaction, are associated with an increased
risk of non-syndromic tooth agenesis. These findings help to enrich our understanding of the
etiology of non-syndromic tooth agenesis.
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