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Abstract 

Background and Aim: Mandibular prognathism (MP) is a craniofacial deformity resulting from 

the combined effects of environmental and genetic factors.Secondary condylar cartilage is the 

postnatal growth site of the mandible. Chromosome location 1p36 contains MATRILIN-1, which 

is related to cartilage matrix formation. Present study aims to find out the correlation of 

mutations in MATRILIN-1 gene with MP in the central Indian population residing in the same 

city to exclude regional and geographical bias. Gene encoding MATRILIN-1, that is, 1p36, was 

studied at the restriction site rs20566 and region corresponding to rs1065755. 

Material and Methods: This case control study included 50 MP patients and 50 control 

individuals with normal occlusion. The cephalometric parameters studied for the inclusion in MP 

cases and control group were ANB (Point A-Nasion-Point B), SNA (Sella-Nasion-Point A) and 

SNB (Sella-Nasion-Point B) angles and mandibular length in Legan–Burstone analysis.DNA 

was extracted from venous blood and genotyped. Two loci on chromosome 1p36 (rs20566 and 

rs1065755) encoding MATRILIN-1 were studied for mutation. 

Results: A total of 59% MP cases and 14% of control individuals showed SNP at rs20566. On 

alignment of sequences of the region corresponding rs1065755, we found frame shift mutation in 

80.1% of MP subjects and 36% of control subjects. Out of 50 MP cases, 14 were first-generation 

relatives.Single-nucleotide polymorphism (SNP) at rs20566 and frameshift mutation at 

rs1065755 had a significantly greater frequency in MP cases than in control. 

Conclusion:The results of this study show association of mutation in MATRILIN-1 gene with 

MP. A greater potential for frameshift mutation was found with resultant alteration of the 

protein. The identification of genetic influences in malocclusions helps in the prevention and 

improves treatment modalities of maxillomandibular discrepancies. 

Key Words:Chromosome,Mandibular prognathism, MATRILIN-1, Single-nucleotide 

polymorphism. 
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Introduction 

Malocclusion is a term used to represent the 

lack of growth harmony of dental and facial 

skeletal structures, especially the growth 

harmony of the maxilla and mandibular. 

Skeletal malocclusion is classified into three 

groups, i.e., class I, class II, and class III 

malocclusions. Class I skeletal malocclusion 

describes a normal maxilla and mandible 

relation with a clinically flat facial profile. 

Class II skeletal malocclusion is declared 

when the maxilla is relatively more 

protruded than the mandible with convex 

facial profile while the class III facial 

malocclusion represents a condition when 

the mandible is relatively more protruded 

than the maxilla with a relatively concave 

facial profile. When the mandible overgrows 

in the sagittal direction resulting in a 

clinically observed protruded chin, the term 

mandibular prognathism is used .
1-4

 

Genetic predisposition in the causation of 

mandibular prognathism (MP) is an 

established fact.
5,6

 It is an 

autosomaldominant trait with incomplete 

penetrance.
7,8

 Prevalence of MP is found to 

be high in Asians, particularly in eastern 

Asian races. In India, the prevalence of MP 

is found to be at 3.4%.
9
Generally, MP 

presents itself as a concave profile, reverse 

overjet, and Angle’s class III malocclusion. 

This is not only aesthetically disfiguring but 

may also lead to functional impairment. MP 

may be associated with maxillary 

retrognathism that aggravates the severity of 

disfigurement. Early diagnosis of class III 

malocclusion and its components are 

necessary in deciding treatment modality, 

time of intervention, and visualizing 

prognosis. 

In orthodontics, one of the most challenging 

aspects of treating patients is predicting 

mandibular growth, especially in patients 

who show more pronounced characteristics 

of mandibular development. The etiology of 

mandibular prognathism is not understood 

completely, but it is well known that both 

genetic components and environmental 

factors contribute to its development. In 

some previous studies conducted on family 

members and twin siblings, it is well 

documented that there is a strong link 

between mandibular prognathism and 

genetics, accounting mainly for the 

polygenic model of inheritance.
10

 Since 

genetic factors could contribute to the 

etiology of skeletal class-III malocclusion, 

the identification of predisposing gene 

variants would help in predicting the 

condition and helps in early prevention or 

intervention. Although various genetic 

linkage analysis and genome-wide 

association studies have identified many 

genes and loci associated with mandibular 

prognathism, the genes underlying the risk 

of mandibular prognathism in the general 

population remain ambiguous, leaving some 

impetus to search for new candidate genes. 

Postnatal growth of the mandible takes place 

by endochondral bone formation at the 

condylar cartilage that is a secondary 

cartilage. MATRILIN-1 is a non-

collagenous protein secreted by 

chondrocytes and expressed during cartilage 

matrix formation. It is an adhesion protein 

for chondrocytes and fibroblasts that 

stabilizes cartilage matrix by altering its 

tensile strength and elasticity.
11

 MMp is 

found to be a polygenic trait affected by 

multiple genes, each making a small 

contribution to the overall outcome. Various 

candidate chromosomal regions have been 

found to be associated with it.
12

However, 

statistical significance of linkage to MP was 

noted at chromosomes 1p35, 1p36, 6q25, 

and 19q13.2. Among these sites, 

chromosome 1p36 area contains many genes 

related to the skeletal system, such as 

alkaline phosphate, heparansulphate 

proteoglycan 2, and cartilage matrix protein 

(MATRILIN-1).
13

 

Jang et al
14

 investigated the association of 

MP with single nucleotide polymorphisms 

(SNPs) in MATRILIN-1 gene in the Korean 
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population. Three restriction sites studied on 

the chromosomal location 1p36, in MP cases 

and control, were rs20566, rs1149045, and 

rs1065755. Loci rs20566 and rs1065755 

showed statistically significant difference in 

the nucleotide sequence in MP cases than in 

control.
14

 On the basis of these facts, the 

present study aims to find out the correlation 

of mutations in MATRILIN-1 gene with MP 

in the central Indian population residing in 

the same city to exclude regional and 

geographical bias. Gene encoding 

MATRILIN-1, that is, 1p36, was studied at 

the restriction site rs20566 and region 

corresponding to rs1065755. 

 

Material and Methods 

This case control study included 50 MP 

patients and 50 control individuals with 

normal occlusion. All subjects were 

recruited from the Department of 

Orthodontics and DentofacialOrthopaedics 

of tertiary care institute of India. Ethical 

approval was taken from the institutional 

ethical committee and written informed 

consent was taken from all the participants. 

Lateral cephalograms of all subjects were 

taken using a single machine. All lateral 

cephalograms were traced by one of the 

authors. The cephalometric parameters 

studied for the inclusion in MP cases and 

control group were ANB (Point A-Nasion-

Point B), SNA (Sella-Nasion-Point A) and 

SNB (Sella-Nasion-Point B) angles and 

mandibular length in Legan–Burstone 

analysis.
15

 MP cases had smaller than 0 

degree ANB values with normal SNA (82 ± 

2 degrees) and increased SNB (>80 

degrees), with increased mandibular length 

according to Legan and Burstone analysis. 

Control group individuals had normal ANB 

(2 ± 2 degrees) with normal SNA (82 ± 2 

degrees) and normal SNB (80 ± 2 degrees), 

with normal mandibular length according to 

Legan and Burstone analysis. Patients with 

craniofacial syndromes including cleft lip 

and palate; endocrinal disturbances; 

anomalies of tooth, number, morphology, 

and eruption; facial asymmetries; and cases 

with retrognathic maxilla—were excluded 

from the study. 

For genotyping of samples, 2 mL of venous 

blood was collected from antecubital area of 

the arm, and DNA was extracted from each 

sample. Amplification of DNA fragment 

was performed through polymerase chain 

reaction. The restriction sites rs20566 and 

rs1065755 were in the coding region of 

1p36 MATRILIN-1 gene. The primer sets 

used for amplification and sequencing 

analysis were designed based on the Gene 

Bank reference sequence. Primers were 

obtained from Integrated DNA Technologies 

(IDT) and marketed by Allied Scientific 

Products. Restriction fragment length 

polymorphism (RFLP) was performed to 

genotype rs20566 with restriction enzyme 

Bsr1. DNA sequencing was performed on 

the region corresponding to rs1065755 to 

check for the mutation. Amplicons were sent 

to the first base laboratories for sequencing. 

The obtained sequences were aligned with 

the help of Clustal X2 software along with 

the reference sequence deposited in NCBI. 

Allele presence or absence in the given 

sample was mentioned as YES or NO, 

respectively, and then the data were 

collected in terms of percentage. The allele 

frequencies in MP cases and controls were 

analyzed and compared for the distribution. 

 

Statistical analysis  
The recorded data was compiled and entered 

in a spreadsheet computer program 

(Microsoft Excel 2007) and then exported to 

data editor page of SPSS version 15 (SPSS 

Inc., Chicago, Illinois, USA). For all tests, 

confidence level and level of significance 

were set at 95% and 5% respectively. 

 

Results 

In the present study there were 26 males and 

24 females in the age range from 7 years to 

64 years; mean age was 21.80 ± 12.70 years) 

and 50 control individuals with normal 

occlusion (29 males, 21females in the age 

range from 18 years to 26 years; mean age 

was 21.45 ± 2.48 years)Repeatability 
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examination of the lateral cephalograms 

showed good agreement (0.79) as assessed 

by the kappa coefficient. The genotype 

distribution of the MATRILIN-1 at rs20566 

and rs1065755 was analyzed in MP cases 

and controls. RFLP was performed on 

genotype rs20566. Gel electrophoresis of the 

fragments showed double- or single banding 

pattern, depending on the digestion of 

fragment, which was indicative of either 

normal or altered sequence (SNP). A total of 

59% MP cases and 14% of control 

individuals showed SNP at rs20566. On 

alignment of sequences of the region 

corresponding rs1065755, we found frame 

shift mutation in 80.1% of MP subjects and 

36% of control subjects. Out of 50 MP 

cases, 14 were first-generation relatives. The 

mutation pattern was found to be similar in 

the relatives. Mutation at both sites was 

strongly associated with greater degree of 

disfigurement with ANB below −3 degrees 

and strong familial tendency. A total of 52% 

of MP subjects showed mutation at both the 

sites. The association between both site 

mutation and MP was found to be highly 

significant (P ≤ 0.05). (Table 2) The results 

suggest that the mutation in MATRILIN-1 at 

rs20566 and region corresponding 

rs1065755 can be attributed to MP. 

 

Table 1: Demographic details of the study Population 

Variable  MP Cases (n=50) Control (n=50) 

Age  (years) 

Mean±SD 

21.80 ± 12.70 21.45 ± 2.48 

Male 52 (%) 58 (%) 

Female  48 (%) 42 (%) 

 

Table 2: Genotype Frequencies of Polymorphism in MP Cases and Control 

Restriction Site Type of 

Mutation 

MP Cases (n = 

50) 

Control (n = 

50) 

P value 

rs20566 SNP 59% 14% 0.002* 

rs1065755 Frameshift 80.1% 36% 0.05* 

Presence of 

mutation in 

both sites 

 52% 9.25% 0.001* 

* indicates statistically significance at p≤0.05 

Discussion 

Mandibular prognathism is a common 

craniofacial deformity characterized by 

either mandibular protrusion or maxillary 

retrusion or a combination of both. It is 

mainly due to the overgrowth of the 

mandible in the sagittal direction.
16

 

Mandibular growth is regarded as a result of 

the combined effect of environmental and 

genetically predetermined intrinsic factors. 

Research on growth and development has 

shown that heredity and the mechanical 

modulation of growth and development 

share a common pathway via genes.
17

 Singh, 

in his review article, stated that 

comorphologies of craniomaxillary and 

mandibular complexes are likely dependent 

on candidate genes that undergo gene-

environmental interactions to bring about 

mandibular prognathism.
1
 Thus, mandibular 

prognathism is multifactorial and has a 

complex trait. Since there is consensus that 

the development of mandibular prognathism 

is genetically predetermined, various 

researchers (Wolf et al and EI-Gheriani et 

al) have investigated the candidate genes 

governing mandibular development.
18,19

 

Out of all class III malocclusion cases, 19% 

are due to MP, while 45.6% are due to a 

combination of MP with maxillary 

retrognathism.
20,21

 Identification of the jaw 

responsible for class III is important in 
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making a decision regarding early or late 

treatment, as well as visualizing prognosis 

of the case. Inability to do so may lead to 

either loss of growth period, prolonged 

treatment, or relapse. Yamaguchi, in 2005, 

mapped 3 chromosomal loci 1p36, 6q25, 

and 19p13.2, out of which 1p36 is the loci of 

interest for the study of skeletal system as it 

harbors candidate genes related to it.
13

 

Genome-wide association study in the 

Japanese population showed association of 2 

loci with the susceptibility for MP—1p32.2 

and 1p22.3. The locus Ip22.3 mentioned in 

the study was found to be near 1p36. 

MATRILIN-1 is a cartilage-specific 

homotrimer localized in the growth plate of 

long bones. It is transcribed in the late 

proliferative and hypertrophic chondrocytes 

of the growth plate. During endochondral 

bone formation, the sequence of expression 

is collagen type II, aggrecan, and 

MATRILIN-1.
22

 It is an adhesion factor for 

fibroblasts and chondrocytes, which is 

mediated by Integrin a1b1 and thus may 

play an important role in the development 

and repair of skeletal tissues.
23

 Mutation in 

gene encoding MATRILIN-1 may lead to 

altered polypeptide synthesis, resulting in 

altered chemical and physical properties of 

protein that is either itself responsible for 

altered phenotype or makes it more 

vulnerable to environmental influences. 

Several gene candidates have been reported 

in previous studies as the genetic factors in 

skeletal malocclusion class III and 

mandibular prognathism. Referring to 

studies on various ethnicities, the genes that 

are suggested to correlate with mandibular 

prognathism are located in different loci. 

One of the loci commonly found in Asian is 

the MATN1 gene locus 1p35.
24-27

 No study 

on genetic factors in the etiology of skeletal 

malocclusion class III mandibular 

prognathism has been done in Indonesian 

subjects; hence, the involvement of heredity 

factors in this disorder remains unknown. 

MATRILIN-1 gene variants in Equusasinus 

have been found to be an effective genetic 

marker for MP in the species. According to 

a study by Rodrigues et al,
28

 MATRILIN-1 

might have a role in protein regulation, by 

affecting splicing, maturation, or elongation 

of RNA. It can also change enhancer or 

silencer, affecting transcription rate. 

Ultimately, the genetic variation seems to 

reduce the expression of resultant 

protein.Jang et al
14

 investigated the 

association of MATRILIN-1 with MP in the 

Korean population. Three restriction sites on 

the 1p36 locus were studied—rs20566, 

rs1149045, and rs1065755. At rs20566, SNP 

was found as a substitution of C > T. The 

significance of its association was found to 

be high in MP cases than in control (P < .05) 

Study results showed a significant difference 

in the distribution of SNP at rs20566 in MP 

cases and control. Allele frequency in MP 

cases was 60%, which was much higher than 

that in control (14.3%). So the attributed risk 

of developing MP in presence of mutation at 

rs20566 was calculated to be 9%. These 

findings for rs20566 are in concordance with 

the study performed by Jang et al.
14

To 

genotype the region encoding rs1065755, 

DNA sequencing was performed. We found 

significantly higher frequency of frameshift 

mutation in MP cases as compared to 

controls. A total of 80.6% of MP cases 

showed frame shift when compared to 

control samples (36.3%).Tassopoulou-

Fishellet al
29

 conducted a study wherein they 

used PCR along with TaqMan chemistry to 

amplify the genome and to trace 

polymorphisms. A correlation was found 

between the rs10850110 polymorphism of 

the MYO1H gene and mandibular 

prognathism in their study population. 

Though he analyzed the role of other 

polymorphisms rs2503243, rs972054, 

rs1413533, rs1490055, rs2101560, 

rs1601948, rs1387168, rs2940913, 

rs7718944, rs3016534, and rs9458378 in 

mandibular prognathism, they could not find 

any correlation. This shows that rs10850110 

MYO1H is an important marker in 

analyzing mandibular prognathism. Sun et 

al
30

 used the whole-mount in situ 

hybridization (WISH) technique to analyze 
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the pattern of expression of MYO1H and 

they concluded that MYO1H plays a vital 

role in mandibular growth because of the 

involvement of this gene in the proliferation 

and morphology of the mandibular condyle 

chondrocytes. 

The association of SNP at rs20566 and 

frameshift mutation at rs1065755 together 

were significantly greater in MP cases than 

in control (P ≤ 0.05). The frequency of 

occurrence of MP in the presence of 

mutation at both the sites was 51.6%. 

Samples which showed mutation at both the 

sites had strong MP component with average 

ANB lesser than −3 degrees. Therefore, to 

study the predisposition to MP in an 

individual, the mutational screening of both 

sites—rs20566 and rs1065755—is reliable. 

 

Conclusion 

The results of this study show association of 

mutation in MATRILIN-1 gene with MP. A 

greater potential for frameshift mutation was 

found with resultant alteration of the 

protein.The identification of genetic 

influences in malocclusions helps in the 

prevention and improves treatment 

modalities of maxillomandibular 

discrepancies.The data generated in the 

present study can offer the foundation for 

mutational screening analysis to predict the 

susceptibility of developing an MP. 

 

References 

1. Proffit WR, Fields HW Jr, Sarver DM 

(2013) Contemporary orthodontics, 5th 

edn. Mosby, St Louis  

2. Li Q, Zhang F, Li X, Chen F (2010) 

Genome scan for locus involved in 

mandibular prognathism in pedigree 

from China. PLoS One 5(9):e12678-1–

e12678-4  

3. Hardy DK, Cubas YP, Orellana MF 

(2012) Prevalence of angle class III 

malocclusion: a systematic review and 

meta-analysis. Open J Epid 2:75–82  

4. Liu Z, McGrath C, Hagg U (2009) The 

impact of malocclusion/orthodontic 

treatment need of the quality of life - a 

systematic review. J Angle Orthod 

79(3):585–591. 

5. Jena AK, Duggal R, Mathur VP, 

Parkash H. Class-III malocclusion: 

genetics or environment? A twins study. 

J Indian SocPedoPrev Dent. 2005;3:27-

30.  

6. Mossey PA. The heritability of 

malocclusion: part 2. The influence of 

genetics in malocclusion. Br J Orthod. 

1999; 26(3):195-203.  

7. Stiles KA, Luke JE. The inheritance of 

malocclusion due to mandibular 

prognathism. J Hered. 1953;44:241-245.  

8. Li, Q, Li, X, Zhang, F, Chen, F. The 

identification of a novel locus for 

mandibular prognathism in the Han 

Chinese population. J Dent Res. 

2011;90(1):53-57.  

9. Kharbanda OP, Sidhu SS. Prevalence of 

malocclusion and its traits in New Delhi 

children. J Indian Orthod Soc. 1995; 

26(3); 98-103. 

10. Stiles KA, Luke JE. The inheritance of 

malocclusion due to mandibular 

prognathism. J Hered 1953;44(06):241–

245. 

11. Deak F, Wagener R, Kiss I, Paulsson 

M. The Matrilins: a novel family of 

oligomeric extracellular matrix proteins 

[review]. Matrix Biol. 1999;18:55-64. 

12. Tomaszewska A, Kopczynski P, Flieger 

R. Genetic basis of mandibular 

prognathism. Arch Biomed Sci. 

2013;1(2):16-19.  

13. Yamaguchi T, Park SB, Narita A, Maki 

K, Inoue I. Genomewide linkage 

analysis of mandibular prognathism in 

Korean and Japanese patients. J Dent 

Res. 2005; 84:255-259. 

14. Jang JY, Park EK, Ryoo HM, et al. 

Polymorphisms in the Matrilin-1 gene 

and risk of mandibular prognathism in 

Koreans. J Dent Res. 2010; 

89(11):1203-1207. 

15. Burstone CJ, James RB, Legan H, 

Murphy GA, Norton LA. 

Cephalometrics for orthognathic 

surgery. J Oral Surg. 1978;36:269-277. 



NeuroQuantology|  | January 2023 | Volume 21 | Issue 3| Page 300-306| Doi: 10.48047/NQ.2023.21.3.NQ33032 
 Dr. Nirali Rathod  / Association between Mandibular Prognathism and MATRILIN-1 Gene 

                                                                                                                                                                               

www.neuroquantology.com 

eISSN 1303-5150   

 

             306 

16. Chang HP, Tseng YC, Chang HF. 

Treatment of mandibular prognathism. J 

Formos Med Assoc 2006;105(10):781–

790. 

17. Mao JJ, Nah HD. Growth and 

development: hereditary and 

mechanical modulations. Am J 

OrthodDentofacialOrthop 2004;125 

(06):676–689. 

18. Wolff G, Wienker TF, Sander H. On the 

genetics of mandibular prognathism: 

analysis of large European noble 

families. J Med Genet 

1993;30(02):112–116.  

19. El-Gheriani AA, Maher BS, El-Gheriani 

AS, et al. Segregation analysis of 

mandibular prognathism in Libya. J 

Dent Res 2003; 82(07):523–527. 

20. Bayram S, Basciftci FA, Kurar E. 

Relationship between P561T and C422F 

polymorphisms in growth hormone 

receptor gene and mandibular 

prognathism. Angle Orthod 

2014;84(05):803–809  

21. Xue F, Wong R, Rabie ABM. 

Identification of SNP markers on 1p36 

and association analysis of EPB41 with 

mandibular prognathism in a Chinese 

population. Arch Oral Biol 

2010;55(11):867–872. 

22. Ikuno K, Kajii TS, Oka A, Inoko H, 

Ishikawa H, Iida J. Microsatellite 

genome-wide association study for 

mandibular prognathism. Am J 

OrthodDentofacOrthop. 

2014;145(6):757-762. 

23. Makihira, S. Enhancement of cell 

adhesion and spreading by a cartilage-

specific noncollagenous protein, 

cartilage matrix protein (CMP/Matrilin-

1), via integrin alpha1beta1. J Biol 

Chem. 1999;274:11417-11423. 

24. Weaver CA, Miller SF, da Fontoura CS, 

Wehby GL, Amendt BA, Holton NE, 

Allareddy V, Southard TE, Uribe LM 

(2017) Candidate gene analysis of 

skeletal variation in malocclusion. J 

Dent Res 94(7):913–921.  

25. Xue F, Wong RWK, Rabie ABM 

(2010) Genes, genetics, and class III 

malocclusion. Orthod Craniofacial Res 

13(2):69–74.  

26. Xue F, Wong R, Rabie ABM (2010) 

Identification of SNP markers on 1p36 

and association analysis of EPB41 with 

mandibular prognathism in Chinese 

population. Arch Oral Biol 56(11):867–

872.  

27. Harris EF (2008) Interpreting 

heritability estimates in the orthodontic 

literature. SeminOrthod 14(2):125–134. 

28. Rodrigues JB, Araujo S, Guedes-Pinto 

H, San Roman F, Viegas C, Bastos E. 

Analysis of new Matrilin-1 gene 

variants in a casecontrol study related to 

dental malocclusions in Equusasinus. 

Gene 2013;522:70-74. 

29. Tassopoulou-Fishell M, Deeley K, 

Harvey EM, Sciote J, Vieira AR. 

Genetic variation in myosin 1H 

contributes to mandibular prognathism. 

Am J OrthodDentofacialOrthop 

2012;141(01):51–59. 

30. Sun R, Wang Y, Jin M, Chen L, Cao Y, 

Chen F. Identification and functional 

studies of MYO1H for mandibular 

prognathism. J Dent Res 

2018;97(13):1501–1509. 

 

 

 


