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Abstract. Malocclusion is a condition characterized by diverse phenotypic
expression patterns, with a complex underlying genetic background.
COL1al is one of the genes that has been previously associated with
malocclusion, with one particular SNP, rs2249492 (C>G, C>T), having
been linked with an increased risk of skeletal class Il malocclusion.

In this paper, making use of DNA sequencing and cephalometric
measurements, we present preliminary data regarding the association
between the rs2249492 SNP and the risk of malocclusion in the
Romanian population, illustrated as continuous, rather than categorical
phenotypes. The results show a tendency towards a Class Il pattern
determined by mandibular retrognathism, rather than maxillary
prognathism among the individuals possessing the mutant allele.
Subsequent studies on larger sample sizes should include statistical
analysis focused on associations between the rs2249492 allele and
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continuous phenotypic variation inside, but not restricted to Class II
malocclusion, in order to acquire a more detailed picture of the interaction
between the polymorphism and this complex condition.

Keywords: malocclusion, COL1al, rs2249492, cephalometric measurements,
SNP

Introduction

The term malocclusion encompasses various phenotypic expression
patterns, caused by a complex genetic background and characterized by the
unharmonious growth of the maxillary and mandibular structures, leading to a
defective relationship between the dental arches (Laviana et al., 2021; Nishio
and Huynh, 2016; Weaver et al, 2017). According to Angle’s classification, this
complex condition can be divided into three groups - Class I, Il and III. The last
two types are the most frequent, impacting not only the patient’s masticatory
functions, but also their appearance and mental health, leading to a reduced
quality of life in affected individuals (Graber et al., 2017; Li et al., 2010; Liu et al.,
2009; Ma et al, 2019).

Class II malocclusion encompasses phenotypes characterized by a convex
facial pattern, as a consequence of either a protruded maxilla or a retruded
mandible. Conversely, Class III phenotypes are characterized by concave facial
profiles caused by either a retruded maxilla or a more protruded mandible, of
which the most well-known is mandibular prognathism (Doraczynska-
Kowalik et al., 2017; Hardy et al., 2012; Laviana et al., 2021; Li et al., 2010; Liu
etal, 2009).

A good, detailed understanding of the genetic factors underlying
malocclusion is vital so that orthodontists are able to correctly diagnose and
treat this condition (Weaver et al, 2017; Zabrina et al, 2021). This study is
concerned with the COL1al gene, that encodes the pro-alpha chain of type I
collagen and has been previously associated with malocclusion (Da Fontoura
et al, 2015; Doraczynska-Kowalik et al, 2017; Zabrina et al, 2021). Mutations
of this gene have been linked with various diseases, such as those related to
facial anomalies and osteogenesis imperfecta. Out of these mutations, one
particular SNP, rs2249492 (C>G, C>T), has been linked with an increased risk
of skeletal class Il malocclusion (Da Fontoura et al, 2015).

As such, this paper is aimed at presenting preliminary data regarding
the influence of the rs2249492 polymorphism on malocclusion risk in the
Romanian population, with focus on continuous phenotypic variation represented
by four different cephalometric measurements.
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Materials and methods
2.1 Cephalometric measurements

In order to obtain preliminary data on the association between the
rs2249492 allele and malocclusion in the Romanian population, the sample set
comprises a total of 12 individuals, of which 9 suffer from Class II malocclusion
and 3 suffer from Class III, classified according to the clinical evaluation, facial
photographs evaluation, dental cast study and cephalometric measurements.

With the purpose of getting a more detailed picture on the patients’
complex phenotype, four cephalometric measurements performed in the
OnyxCeph software and assessed with Steiner analysis and Witts appraisal
were taken into account: the SNA, SNB, ANB and AoBo (the Witts appraisal).
The SNA and SNB angles are measures of maxillary and mandibular position,
respectively, while the ANB and AoBo are measures of jaw disparity (Ghergie
etal, 2013).

2.2 DNA extraction, PCR amplification and DNA sequencing

Genetic data were collected from the same sample set mentioned above.

Genomic DNA was extracted from buccal swabs, using the Animal and
Fungi DNA Extraction Kit (Jena BioScience, Germany), according to the
manufacturer’s instructions.

PCR amplification and Sanger sequencing (Macrogen Europe, The
Netherlands) were carried out on a fragment of the COL1al gene containing
the rs2249492 SNP. The primers amplified a region of 500 bp length and had
the following sequence (Da Fontoura et al., 2015; Doraczynska-Kowalik et al,
2017):

COL1lal_F  GTAAGGTTGAATGCACTTTTGGTTT
COL1al_R GTGAGTGCCCAGAATCCCCA

The PCR reaction setup that led to the obtained results was as follows:
25uL total reaction volume, 1xPCR Buffer, 2.5 mM MgCl2, 0.2 mM dNTPs
(Bioline, Meridian Bioscience, USA), 0.5 pM of forward and reverse Primers and
1.25 units/reaction MangoTaq Polymerase (Bioline, Meridian Bioscience, USA).
The PCR parameters were: 95°C for 5 min (initial denaturation), followed by
35 cycles of 95°C for 30 s (denaturing), 66°C for 30 s (annealing), 72°C for 30 s
(extension) and a final extension for 5 min at 72°C.
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Results and discussion

The obtained results indicate a high tendency towards the mutant T allele
in the investigated cohort, with 7 out of 9 Class II patients and all 3 Class III
patients having this SNP, and only 2 Class II individuals having the reference
C allele. Complete cephalometric measurements were obtained for 9 out of 12
individuals and the results are presented below, in Table 1.

When looking at the Class II group, the results are indicative of the
previously confirmed association between the rs2249492 T allele and an
increased risk of developing Class II malocclusion (Da Fontoura et al., 2015).
What can also be noted is the fact that all 3 members of the Class III group
have the same mutant T allele. However, further inquires on larger sample
sizes are necessary in order to confirm an association between the rs2249492
SNP and Class Il malocclusion.

Next, when analyzing the results of the cephalometric measurements,
complex phenotypes can be observed, suggesting that the individuals’ Class 11
and III skeletal pattern may not be simply described as either mandibular or
maxillary prognathism.

The SNA angle, which indicates the position of the maxilla, has a mean
value of 829, with higher values indicating maxillary prognathism and lower
values representing maxillary retrognathism (Doraczynska-Kowalik et al,
2017; Ghergie et al, 2013). In the case of the Class II group, while 2 patients
display SNA values lower than the mean, 3 have values around the mean and
1 has a value higher than the mean. For the Class III individuals, two highly
different measurements were obtained, with one having an above-the-mean
value and the other, lower than the mean.

The SNB angle, which indicates the position of the mandible, has a mean
value of 802, with mandibular prognathism being reflected by higher values
and mandibular retrognathism by lower values (Doraczynska-Kowalik et al.,
2017; Ghergie et al., 2013). In this case, again, the Class III individuals have
opposing values, while the Class Il group is characterized by values indicative
of mandibular retrognathism.

Lastly, the ANB (mean of 0-22) and AoBo (mean of 0-2 mm) angles, that
are used to assess the level of jaw disparity (Doraczynska-Kowalik et al,, 2017;
Ghergie et al, 2013), reinforce the idea of complex malocclusion phenotypes.
While all Class II individuals can be classified as such on the basis of the ANB,
only 4 present a Class Il skeletal pattern on the basis of the Witts’ appraisal. As
far as the Class Il individuals are concerned, the ANB values suggest opposing
skeletal patterns, while the AoBo values are indicative of Class III skeletal
patterns.
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Considering how essential it is to understand the complex genetic
background of this condition in order to establish better preventive measures
as well as efficient, personalized therapies (Dehesa-Santos et al, 2021;
Moreno Uribe and Miller, 2016; Xue et al, 2010), attention needs to be paid to
the correlations between genotype and continuous phenotypic variation (Da
Fontoura et al,, 2015). Of course, given the small sample size of this preliminary
study, no statistically significant associations could be found, however a tendency
towards a Class Il pattern driven by mandibular retrognathism, rather than
macxillary prognathism among the individuals possessing the mutant allele can
be observed. Further studies on larger sample sizes should include statistical
analysis focused on associations between the rs2249492 allele and continuous
phenotypic variation inside, but not limited to, Class Il malocclusion, in order
to obtain a more detailed picture on the interaction between the SNP and this
complex condition (Da Fontoura et al., 2015).

Table 1. rs2249492 alleles and cephalometric measurements.
Grey areas signify a lack of data.

Nr. crt Class Allele SNA¢ SNB2 ANB? AoBo(mm)

1 11 C 78.3 70.2 8.1 3

2 11 T 81.9 74.3 7.7 3

3 11 T 82.2 76.9 5.4 -2

4 11 C

5 11 T

6 II T 80 74 6 1.96

7 II T 83.3 77.5 5.8 3

8 11 T 82.1 77.8 4.3 3

9 11 T 79.7 76.2 3.5 1

10 11 T 83.4 81.7 1.7 -6

11 111 T

12 11 T 74.4 70.4 4 -3
Conclusions

This paper offers promising preliminary data regarding the influence of
the COL1lal gene on the risk of developing malocclusion in the Romanian
population, as well as a useful experimental setup to be used in further studies
of this kind.

While there have been previous discussions regarding the different
prevalence of malocclusion across distinct geographic areas (Da Fontoura et al,
2015; Hardy et al, 2012), studies on the region of Romania have yet to be
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included (Ghergie et al,, 2013). As such, our study presents initial data that can
be utilized as starting hypotheses for more extensive studies focused on the
population of Romania.
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