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        Abstract: Background: The interactions of genetic and environmental factors may account for the variability in the expression of malocclusion. The study of malocclusion etiology is fundamental to understand the biology underlying craniofacial growth and dental relations. Understanding biology will improve progress toward effective treatment and prevention, thereby decreasing the burden of this condition. Objectives: The present study was set out to investigate the association of the single nucleotide polymorphisms (SNPs)  in different genes (rs2249492 in COLA1A, rs4434184 in SOX2, rs2162540 in FGFR2, rs11696257 in MAFB, and rs881301 in FGFR1) with Class III malocclusion. Materials and Methods: A total of 10 patients, comprising 5 with Skeletal Class I and 5 with Skeletal Class III malocclusion, were included in the present study. Salivary DNA samples were collected and analyzed using Sanger sequencing. Digital tracing was performed on lateral cephalometric radiographs by using AutoCAD software for digitization to assess the anterio-posterior and vertical relationship of the maxillary and mandibular arch.       Results: Out of five genes polymorphisms only two genes polymorphisms (SOX2 and FGFR1) showed an association with Cl.III malocclusion. Conclusion: This study reveals that SOX2 and FGFR1 genetic polymorphisms may be responsible for Class III malocclusion. However, more study with a larger participant pool is required to confirm these findings. 
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[bookmark: _Hlk96968405]Introduction   
       Human malocclusion is a displacement of the teeth and jaws that can impair the quality of life and cause altered facial features, reduced masticatory efficiency, and an increased risk of teeth destruction (1). Dental arches can vary in size and shape based on the various ethnic and racial groups' exposure to various environmental variables, genetic background, and developmental traits (2). Numerous genetic and environmental factors that occurred at various gestational stages contributed to a variety of malformations in the dentofacial and craniofacial structures (3). The unexpected appearance of the condition is simply one aspect of the complicated etiology; another is the vast range of dentofacial variation seen in afflicted people. This complexity helps to explain why the majority of malocclusion therapy strategies focus on the symptoms rather than the causal relationship (4). Despite that, knowledge about the causes of malocclusions is essential to comprehending the biology behind craniofacial development and dental relationships. Understanding the biology will help the development of better preventative and treatment strategies, reducing the burden of this disorder (4).
In accordance with Angles classification, Class III malocclusion refers to conditions in which the mandibular first molar is positioned mesially in relation to the maxillary first molar , clinically, class III malocclusions can be linked with a wide range of skeletal and dental morphological variations (5). According to reports, mandibular prognathism or macrognathia account for around 75% of Class III occurrences in male Caucasians that have a skeletal basis (5). The most difficult malocclusions to diagnose and treatment are those in the Class III category (6). Class III malocclusion’s genesis has been linked in a number of previous research projects to a variety of inheritance patterns in both genetics and environment (7). Skeletal Class III malocclusion has a substantial hereditary component phenotypic, which has long been recognized (8). Hereditary variables are implicated in the development of skeletal malocclusions, according to twin and family genetic investigations (9).
By reviewing a person’s full genome or doing a candidate gene study, one may compare phenotypes versus genetics. Despite decreasing genotyping costs, a genome-wide comparison would need very high sample numbers to attain statistical power, which would need highly expensive. Instead, for phenotype-genotype correlations, a candidate gene approach is nevertheless an advantageous and affordable method, a more targeted and potent analysis may be carried out with moderate sample numbers by selecting candidate genes that have been shown to contribute to the growth and development of the craniofacial complex (10). The single nucleotide polymorphisms SNPs are locations in the genetic sequence where a single base pair set varies across people out of the three billion base pairs that make up each human. The frequency of these alleles, which are different variants of the same sequence, may be higher among people who exhibit a certain trait. Because these characteristics are unusual, it is important to explore these rare alleles as well (10). When the phenotype deviates further from the population norm, there are typically more uncommon alleles present, the SNPs of interest can be found close to a gene or inside a regulatory region, and their correlation with the desired trait may suggest a causal relationship or increased risk of acquiring that trait (10).
Association studies often use the candidate gene strategy to directly assess the impact of genetic variants in a gene. This approach is often used to identify genetic risk factors for complex illnesses (11). Studies on candidate genes may involve the identification of genetic variants in one or more genes, including single nucleotide polymorphisms (SNPs), which are typically variants with functional significance (e.g., alter protein function or expression). Such research may be carried out affordably and quickly (11). The main issue with candidate gene studies is that choosing a candidate gene requires that researchers have a thorough grasp of the pathophysiology of the disorder (12).
Thus, according to Weaver study results that found the same SNPs (rs2249492 in COLA1A, rs4434184 in SOX2, rs2162540 in FGFR2, rs11696257 in MAFB, and rs881301 in FGFR1) in American people who had Class III skeletal malocclusion (13), the current study's objective was to investigate the association of the different genes polymorphisms (FGFR1, FGFR2, COL1A1, SOX2 and MAFB) with Class III malocclusion.
Materials and Methods
Subjects 
The study's protocol, which complied with the Helsinki Declaration, was approved by the Human Ethics Committee of the University of Baghdad's College of Dentistry (reference number: 590422). Before taking part in this experiment, each individual provided informed consent. The checklist statement from the STREGA research (Strengthening the Reporting of Genetic Association) was followed (14). Salivary samples were used to extract genomic DNA, and lateral cephalometric X-rays recorded before treatment were examined to ascertain eligibility. Ten subjects from the College of Dentistry-University of Baghdad's Orthodontic Department who were seeking orthodontic treatment or consultation had their lateral cephalometric radiographs and saliva samples taken after undergoing a clinical examination and cephalometric analysis were included in the study. saliva samples were obtained using a saliva collection tube which was designed for self-collection of donor's DNA saliva samples (CY-98000A, Huachenyang technology CO., LTD). Storing saliva in the freezer until it is delivered to the laboratory. All of the Arab Iraqis that took part in this study ranged in age from 18 to 30 (mean age 22). They were divided into two groups: those with Class I occlusions (four males and one female) and those with Class III malocclusions (two males and three females). The study excluded people with underlying genetic illnesses such as cleft lip and palate, development problems, and congenital deformities.

Phenotype assessments
 Before starting therapy, lateral cephalometric radiographs of each individual were taken to assess their phenotypic. The lateral cephalograms were imported into AutoCAD (Version 2017) for digitalization. The measures were carried out by one examiner who gained training from an experienced orthodontist. As tracing landmarks,  four anatomical hard tissue points—Point A, Point B, Nasion (N), Sella (S) were used. Steiner's SNA, SNB, and ANB angles were utilized to determine the kind of malocclusion (sagittal skeleton jaw connection). Based on the ANB angle, the sample was classified as having class I malocclusions (2°–4°) and class III malocclusions (<0°) (15 ). Calibration procedure was used to evaluate the accuracy of the measurements. The radiographs were examined twice by the same operator , the second time being one month later, in order to gauge the intra-examiner repeatability, and examined by a second examiner with sufficient training in order to assess the inter-examiner calibration. The Intra Class Correlation test (ICC), which demonstrated a high level of data repeatability, was used to verify the dependability.
Genotype assessments 
Salivary DNA was used to conduct a genotyping analysis. The genomic DNA was extracted using the ReliaPrepTM gDNA Miniprep System (Promega, WI, USA) in accordance with the manufacturer's instructions. After that the FGFR1, FGFR2, COL1A1, SOX2, and MAFB genes were amplified by the Polymerase Chain Reaction (PCR) technique and to assess the quality of samples for use in later processes, the Quantus Fluorometer was used to quantify the concentration of extracted DNA. To confirm the existence and integrity of the isolated DNA, agarose gel electrophoresis had been utilized, The Agarose gel chamber received voltage applications for genomic and PCR products of 5 V/cm and 70 V/cm, respectively, and the electrophoresis took 90 minutes to complete. Finaly, the DNA was delivered to Macrogen (Seoul, Korea) for Sanger sequencing using an automated DNA sequencer called the ABI3730XL (United State), its integrity was evaluated using agarose gel electrophoresis.
Sanger sequencing was carried out on five SNPs, rs2249492 in COLA1A, rs4434184 in SOX2, rs2162540 in FGFR2, rs11696257 in MAFB, and rs881301 in FGFR1, which were previously linked to disease or developmental anomalies in the bone and/or cartilage of the craniofacial area (13). Korean company Macrogen offered the validated primers for the selected SNPs. The Geneious program, which analyzes data through forward and reverse reading, was used to determine the sequencing difference between the samples of a given gene.
Statistical analysis
Intra Class Correlation test (ICC) was used to verify the reliability.
Results 
      The mean age of the Class III malocclusion group was 21.8 years, while the mean age of the Class I malocclusion group was 23.8 years.
Cephalometric angular measurements
Angular measurements are shown as follows Table 1 SNA angles ranged from 78 degrees to 82 degrees, with 79.8 degrees being the mean for the Class I group. While the mean angle for the Class III group was 81°, the minimum and maximum angles were 78° and 83°, respectively. In the Class I group, the mean SNB angle was 78.2°, with a minimum angle of 76° and a maximum angle of 81°. The mean angle for the Class III group was 84.4°, with the minimum and maximum angles being 82° and 87°, respectively. Additionally, the mean ANB angle in Class I group was 1.6o, with the minimum angle being 1o and the maximum angle being 2o. While the mean for the Class III group was (-3.4o), the minimum and maximum angles were (-2o) and (-4o), respectively.
Table 1: Angular measurements that were measured in the case and control groups.
	Angular Measurements
	          Class I group                              Class III group
    
     Mean         Min.       Max.         Mean         Min.          Max.

	
	      SNA (º)                      79.8º            78º          82º              81º            78º            83º                          
      SNB (º)                      78.2º            76º          81º             84.4º          82º            87º
     ANB (º)                       1.6º              1º            2º              -3.4º           -2º            -4º 


Min.= minimum, Max.= maximum, º= degree
Genotype
Ten samples—five from the Class I group and five from the Class III group—were used in this pilot study. SNPs rs4434184 in SOX2, rs881301 in FGFR1, rs2249492 in COL1A1, rs2162540 in FGFR2, and rs11696257 in MAFB were tested in this study. On a 1.5% agarose gel electrophoresis, the PCR products of the FGFR2, COL1A1, FGFR1, MAFB and SOX2 genes are shown in Figure 1, respectively.
[image: ]
Figure 1: Agaros gel electrophoresis of FGFR2, COL1A1, FGFR1, MAFB and SOX2 genes the electrophoresis was performed using 1.5% agrose gel, 7v/cm for 90 min.

The results of Sanger sequencing revealed the following: 
FGFR1: The analysis of FGFR1 gene (rs881301) using Sanger sequencing shows one polymorphism in Class I group and three polymorphism in Class III group. An example of SNP labeled in red rectangle (A8_M13-FB.ab1). Single “T” peak indicative of a T homozygous allele. Single “C” peak indicative of a C homozygous allele. Presence of the “T” and “C” peak indicative of T/C heterozygous allele (C) (Figure 2).
 MAFB: All tested samples had unclear readings (Figure 3).
COL1A1: The analysis of COL1A1 gene (rs2249492) using Sanger sequencing shows one polymorphism in Class I group. An example of SNP labeled in red rectangle (1_M13-FB.ab1). The single “A” peak indicated for a C homozygous allele and single “G” peak indicative of A homozygous allele while a presence of the “A” and “G” peak indicative of A/G heterozygous allele (R) (Figure 4).
SOX2: The analysis of SOX2 gene (rs4434184) using Sanger sequencing shows one polymorphism in Class I group and two polymorphism in Class III group. An example of SNP labeled in red rectangle (4_M13-FB.ab1). The single “A” peak indicated for a homozygous allele and single “G” peak indicative of a G homozygous allele while a presence of the “A” and “G” peak indicative of A/G heterozygous allele (R) (Figure 5). 
FGFR2: All tested samples had unclear readings (Figure 6).
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Figure 2: The analysis of FGFR1 gene (rs881301) using Sanger sequencing shows one polymorphism in Class I group and three polymorphism in Class III group. An example of SNP labeled in red rectangle (A8_M13-FB.ab1).
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Figure 3: The analysis of MAFB gene (rs11696257) using Sanger sequencing, shows all tested samples had unclear readings.
[image: ]
Figure 4: The analysis of COL1A1 gene (rs2249492) using Sanger sequencing shows one polymorphism in Class I group. An example of SNP labeled in red rectangle (1_M13-FB.ab1).
[image: ]
Figure 5: The analysis of SOX2 gene (rs4434184) using Sanger sequencing shows one polymorphism in Class I group and two polymorphism in Class III group. An example of SNP labeled in red rectangle (4_M13-FB.ab1).
[image: ]
Figure 6: The analysis of FGFR2 gene (rs2162540) using Sanger sequencing shows all tested samples had unclear readings.
Discussion
       According to the World Health Organization, malocclusion ranks as the third most prevalent oral health problem worldwide, following dental caries and periodontal disorders (16). Malocclusion is a condition influenced by various factors, such as genetic inheritance, genetic mutations, age, gender, ethnicity, dental abnormalities, congenital diseases, muscle disorders, hormonal imbalances, and behavioral aspects (17).
The causes of malocclusion are multifactorial, with genetic, environmental, and ethnic factors being the primary contributors. The presence of certain malocclusion types, such as Class III relationships, within families highlights a significant genetic link to the condition (18). Conversely, the soft tissues, bones, and nearby dentitions undergo functional adaptations in response to environmental conditions, leading to diverse malocclusion problems (18). 
Cephalometric research suggests that accurate predictions of growth and orthodontic therapy effects are most beneficial for growing Class II and Class III patients. According to Björk and Skieller's research, mandibular growth rotations can be complicated and difficult to treat clinically, especially in people who have a high mandibular plane angle (19). The anterio-posterior aspect of the malocclusion is determined by the SNA, SNB, and ANB angles, which relate the maxillary and mandibular skeletal bases. In 1952, Riedel first suggested using this measurement to establish a relationship of the maxilla to the cranium. Adult Caucasians typically have two degrees of ANB. Class II skeletal discrepancies are indicated by significant positive numbers, while Class III discrepancies are indicated by large negative numbers (19).
Previous research suggested a correlation between different genes, facial morphology, and maxillary or mandibular discrepancy (20,21). The phenotypic genetic tendency of the maxilla and mandible has been related to several risk loci. Numerous gene loci, including the COL1A1 gene (22,23,24),the SOX2 gene (13), the fibroblast growth factor 1 (FGFR1) gene (25), the fibroblast growth factor 2 (FGFR2) gene (22,23,26), and MAFB gene (13), have been linked to class III malocclusion and mandibular prognathism.
The COL1A1 gene's genetic polymorphism has a clinically significant effect on bone remodeling (27). The periosteum of the mandibular bone, the mandibular condylar cartilage, the perichondrium of Meckel's cartilage, and the bone collar of the cranial base cartilage all contain COL1A1 in midterm human fetuses (28). Notably, COL1A1 was linked to both class II and class III malocclusions, implaying that this gene is important for influencing craniofacial development, particularly in the sagittal dimension. One theory is that the COL1A1 gene has various SNPs that may cause one class of malocclusion to have a more effective isoform or higher expression, while the other class has a more inactive isoform or lower expression (22,23). Our results show that Class III malocclusion and COL1A1 are unrelated because the analysis of COL1A1 gene using Sanger sequencing showed one polymorphism in Class I group only.      
At 3q26, there is a gene named SOX2 that is highly conserved (29) A number of craniofacial abnormalities, including cleft palate and ocular malformations, have been linked to SOX2, which is crucial in sustaining stem cell pluripotency and neurogenesis (30). Growth retardation, sensorineural hearing loss, mental retardation, and cleft palates are among the many of the extra-ocular symptoms that SOX2 mutations have been linked to in a growing number of studies, this suggests that the craniofacial complex is directly affected (30). According to Weaver research, the SOX2 (rs4434184) mutation increases the risk of a Class III phenotype by 2.15 to 1.7 times (13), also our results show that SOX2 rs4434184 is associated with class III skeletal malocclusion.
Furthermore, this study explores the correlation between the FGFR1 gene and Class III malocclusion, considering its role in postnatal growth, both normal and aberrant. The fibroblast growth factor/fibroblast growth factor receptor (FGF/FGFR) is a tyrosine kinase signaling pathway that has a fundamental role in many biologic processes including embryonic development, tissue regeneration, and angiogenesis (31). Numerous research have shown how genes linked to uncommon diseases may shed light on lone characteristics, and FGFs and FGFRs may be involved in lone kinds of skeletal Class III malocclusion (32). When the skull and face are developing, FGFR1 has a substantial impact on the craniomaxillofacial bone, muscle, palate, teeth, and submandibular salivary gland (33). In the current study, the rs881301 in FGFG1 was investigated, and it has been shown to be related to skeletal Class III malocclusion. Weaver additionally found the same SNP in American people who had Class III skeletal malocclusion and maxilla-mandibular deviations (13).
A transcription factor known as MAFB from the big MAF subfamily ( MAFA, cMAF, MAFB, and NRL) binds to the MARE DNA element (34). It has been determined that the hematological system, the kidney, the lens, the retina, the pancreatic islet cells, and the brain all depend on the basic leucine zipper (bZIP) transcription factor, which is encoded by the gene MAFB. However, study by Beaty et al. indicated that MAFB mRNA and protein expression has been shown in both craniofacial neuroectoderm and neural-crest formed from mesoderm between embryonic days 13.5 and 14.5, suggesting that the gene may be connected with non-syndromic cleft lip or palate (NSCL/P) (35).
The development process is significantly influenced by fibroblast growth factor receptor type 2 (FGFR2). There are two splice versions of it, IIIb and IIIc, just as FGFR1 and FGFR3 (36). Osteoblasts' ability to generate new bone is positively regulated by FGFR2 signaling (37). The expression of FGF family members that are locally expressed during bone formation is necessary for bone growth. Mesenchymal cells & osteoblasts in bone have FGF2 transcripts (38).
All tested samples had unclear readings for both MAFB and FGFR2 genes. The majority of sequencing errors for Sanger sequencing are besides low DNA quality, the main reason sequencing fails is the wrong concentration of DNA template in the template + primer mix. Furthermore, the adding of wrong primer or a poor primer to the template, inaccuracies during the amplification phase, random variation, and sample contamination will effect on the result. Additionally, sequencing errors often start to build up near the conclusion of lengthy sequences due to reduced intensities and missing termination variants (39). 
The primary limitation of our study was the small sample size, which is important to investigate any potential associations between SNPs and specific traits. Additional research with larger samples and other demographic profiles is necessary in order to validate our results.
     Conclusion
The study suggests a potential association between genetic alterations in SOX2 and FGFR1 and occurrence of Class III malocclusion. Nevertheless, further investigation utilizing a larger sample size is required to validate these findings. 
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تعدد الأشكال الجينية للمرضى الذين يعانون من سوء الإطباق من الدرجة الثالثة. دراسة تجريبية
اية محمد بهيه, مشرق فوزي عبد, الهام الصحافي
المستخلص:
خلفية: قد تفسر تفاعلات العوامل الوراثية والبيئية التباين في التعبير عن سوء الإطباق. لا يكمن التعقيد المسبب للمرض في التعبير غير المتوقع فحسب ، بل يكمن أيضا في الطيف الواسع من تباين الوجه والأسنان الموجود في الأفراد المصابين. يفسر هذا التعقيد جزئيا سبب توجيه معظم مناهج علاج سوء الإطباق إلى الأعراض بدلا من المسببات. ومع ذلك ، على الرغم من هذا التعقيد ، فإن دراسة مسببات سوء الإطباق أمر أساسي لفهم البيولوجيا الكامنة وراء النمو القحفي الوجهي وعلاقات الأسنان. إن فهم البيولوجيا سيساعد على التقدم نحو العلاج الفعال والوقاية ، وبالتالي تقليل عبء هذه الحالة. الأهداف: تم إعداد هذه الدراسة للتحقيق في ارتباط تعدد الأشكال في الجينات المختلفة (rs2249492 in COLA1A, rs4434184 in SOX2, rs2162540 in FGFR2, rs11696257 in MAFB, and rs881301 in FGFR1)   مع سوء الإطباق من الدرجة الثالثة.    المواد والطرق: تم تضمين ما مجموعه 10 مرضى ، منهم 5 يعانون من الهيكل العظمي من الدرجة الأولى و 5 مع سوء إطباق الهيكل العظمي من الدرجة الثالثة ، في هذه الدراسة. تم جمع عينات الحمض النووي اللعابي وتحليلها باستخدام تسلسل سانجر. تم إجراء التتبع الرقمي على الصور الشعاعية الجانبية للرأس باستخدام برنامج اوتوكاد للرقمنة لتقييم العلاقة الأمامية الخلفية والعمودية لقوس الفك العلوي والفك السفلي.
SOX2 و FGFR1الخلاصة: قد يكون سبب سوء الإطباق من الفئة الثالثة هو الاختلافات الجينية في جينات    وفقا لهذه الدراسة. للتحقق من هذه النتائج هناك حاجة إلى مزيد من الدراسات التي تنطوي على حجم عينات أكبر
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