
Polymorphism Pax9 has been widely researched and known as a gene responsible for tooth agenesis, and recently been found associated with 
skeletal malocclusion. This study aimed to determine the association of gene polymorphism Pax9 rs8004560, rs2073245 and rs2073246 to skeletal 
malocclusion in Indonesia. Cross sectional study was performed to 150 Orthodontics patients and classified according to their skeletal 
malocclusion by cephalometric analysis. Genomic DNA was extracted from hair samples and then genotyped by polymerase chain reaction and 
Sanger sequencing. Gene polymorphism Pax9 rs2073245 and 2073246 are consistent with Hardy Weinberg Equilibrium. Significant association 
waswas found in polymorphism Pax9 rs8004560 with Tooth Agenesis (p= 0.025, OR= 2.895, CI 95%= 1.101-7.614). There were no association between 
PAX9 polymorphisms assessed in this study with skeletal malocclusion. Our result suggested further research using larger sample size and 
clustered background ethnicity is required to determine the role PAX9 gene relate to skeletal malocclusion in Indonesian subpopulation.
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Table 1. Distribution of malocclusion in sample population 

Table 2. Genotype and allele distribution of Agenesis and Non Agenesis

Table 3. Genotype and allele distribution of Skeletal Malocclusion

heterozygot GC heterozygot CT heterozygot AG

Mutant TT
Mutant GG

wildtype AAwildtype CC

Mutant GG

wildtype CC

Polymorphisms Pax9 rs2073245 Polymorphisms Pax9 rs2073246 Polymorphisms Pax9 rs8004560

This study recruited 150 participants from Orthodontics Clinic in Dental Hospital 
RSKGM FKG UI, Jakarta, Indonesia. All participants signed an informed consent. 
Protocol of this study was approved by the ethical committee of the Faculty of 
Dentistry, University of Indonesia (Protocol No. 051191121, No:89/Ethical 
Approval/FKGUI/XII/2021).Tooth Agenesis was assessed using pre-orthodontic 
treatment panoramic and dental extraction history of patients. Skeletal 
malocclusion classification was assessed from pre-orthodontic treatment 
cephalometriccephalometric lateral using Steiner’s Analysis measuring SNA (Sella-Nasion-A 
Point), SNB (Sella-Nasion-B point), ANB (A point-Nasion- B point), and maxillary 
length (Ans-Pns).Ten percent radiographs were randomly selected and analyzed 
twice within 2 weeks intervals to evaluate intraobserver and interobserver reliability 
using Intraclass Correlation Coefficient (ICC) and Bland Altman test prior to the 
research. All cephalometric analysis was performed by the first author and analyzed 
at two separate times with 2 weeks intervals on a single blinding treatment. 

Genomic DNA was collected from 10 strands of hair including its follicle from all 150 
study participants. Hair was cut into 0.5- 1cm pieces including follicle cells and 
transferred into a 1.5ml tube. DNA extraction protocol was using gSYNC DNA 
Extraction Kit [Geneaid, Taiwan].This study assessed polymorphism Pax9 
rs2073245, rs2073246 and rs8004560. Polymerase chain reaction (PCR) is used to 
amplify the target sequence on specific primers. PCR amplification was conducted 
in Axygen, MaxyGene II Thermal Cycler [Corning, Arizona, United States of 
America].America]. Amplification of polymorphism Pax9 rs2073245, rs2073246 and rs8004560 
was using specific forward and reverse primers.The length of the amplified target 
fragment rs2073245 and rs2073246 are 202 bp, and for rs8004560 is 595 bp. The 
amplified fragments were separated by electrophoresis on 2% agarose gel 
[Promega] applying 80V for 40 min. All PCR products were sent to be sequenced on 
1st Base, Malaysia. The interpretation of the data was performed using SnapGene 
6.1 software for allelic discrimination.

Tooth agenesis is congenital missing one or more teeth. Several studies had 
researched genetic factors that contribute to agenesis such as MSX1, PAX9, and 
FGF3(1-4). Previous researches found that anterior or posterior hypodontia shows 
maxillary retrognathic and has a tendency towards class III skeletal 
malocclusion(5-7). Paired box gene9 (Pax9) is a transcription factor in 
mesenchymal and epithelial cells that shows relation to posterior agenesis(1). 
Polymorphism of Pax9 gene had been researched to find its relation with agenesis. 
ItIt was suggested that Pax9 has a role in facilitating the transition from bud stage to 
cap stage(8,9).Recently few studies taking interest to evaluate polymorphism Pax9 
gene and its relation to skeletal malocclusion. Wall (2009) observed association 
polymorphism Pax9 rs8004560 to class II division 2 malocclusion in Caucasia.(10) 
Ghiegie(2013) found association polymorphism Pax9 rs8004560 with class I 
malocclusion in Romania(11). Those association was not found in Malaysia(12,13)  
Polymorphisms rs2073245 and rs2073246 were found related to agenesis but 
haven’thaven’t been investigated its relation to skeletal malocclusion(2-4). This study aims 
to evaluate the association between agenesis gene polymorphisms Pax9 
rs2073245, rs2073246, and rs8004560 to skeletal malocclusion.

This research suggested that Pax9 gene polymorphism rs8003450 has higher risk of 
having tooth agenesis and contributes to retrognathic maxilla that can develop into 
class III skeletal pattern. This study found no association between polymorphisms gene 
Pax9 rs2073245, rs2073246, and rs8004560 with skeletal malocclusion.  Further research 
with clustered background etnicity, higher number of sample population and other 
related tooth agenesis gene polymorphisms should be conduct to determine association 
tooth agenesis gene polymorphisms association to skeletal malocclusion in Indonesia 

ICC test result ranged from 0.919-0.980 and Bland Altman analysis showed high agreement towards all parameters. Sanger Sequencing result of polymorphisms gene Pax9 
rs2073245, rs2073246, and rs8004560 was shown in Figure 1. The distribution of genotypes polymorphisms Pax9 rs2073245 and rs2073246 were consistent with Hardy- Weinberg 
equilibrium (rs2073245 x2= 0.682, p = 0.409, rs2073246 x2= 0.427, p = 0.513) but there was inconsistency in distribution of polymorphism Pax9 rs8004560 (x2= 0.419, p = 0.04). Tooth 
agenesis in this population is 19.3% and higher in female (17.3%). Distribution tooth agenesis in this study was higher in Class I and Class II malocclusion. We found an 
associationassociation in polymorphism Pax9 rs8004560 with tooth agenesis (p= 0.025). Analysis risk factor demonstrated G allele caries more than two times of having tooth agenesis (OR= 
2.895 CI= 1.101-7.614). This association was not found in polymorphism Pax9 rs2073245 and rs2073246. There was no association between skeletal malocclusion with any 
polymorphism assessed in the present study. Nevertheless, we found a tendency of retrognathic maxilla with having G allele in polymorphism rs8004560. This might contribute 
to class III skeletal pattern. 
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