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Abstract 
 

Background: Tooth agenesis is one of the most common developmental anomalies in 
human and the main reasons for its occurrence are still unknown. Mutations of several 
genes such as PAX9, MSX1, AXIN2, KDF1 and WNT10A have been reported which are 
associated with non-syndromic tooth agenesis. However, PAX9, MSX1 and WNT10A 
are commonly reported in the literature. Hence, the aim of this study was to investi-
gate the mutations of these genes in 4 Iranian families with non-syndromic tooth 
agenesis. 
 

Methods: DNA extractions from peripheral blood cells of patients with non-syndromic 
tooth agenesis from 4 unrelated Iranian families were performed by salting out meth-
od, and the candidate genes were amplified then followed by Sanger sequencing 
method. 
 

Results: One missense variant (rs4904210) and 4 Single Nucleotide Polymorphisms 
(SNPs) (rs2236007, rs12883298, rs12882923 and rs12883049) were found in PAX9 gene. 
Five variants (rs149370601, rs8670, rs186861426 and rs774949973) including a missense 
variant (rs36059701) were detected in MSX1 gene and no variants were found in 
WNT10A gene. 
 

Conclusion: All variants were analyzed based on bioinformatics websites and Iranian 
gene databases, and as a result, it was revealed that variants of PAX9, MSX1 and 
WNT10A may not play a role in non-syndromic tooth agenesis among Iranian cases. 
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Introduction 
 

Tooth agenesis is one of the most common devel-

opmental anomalies in human which can cause aesthet-

ic, masticatory and functional problems 1. Third molar 

is the most affected tooth, followed by maxillary lateral 

incisor and mandibular second premolar 2.  

Prevalence of congenitally missing teeth in Iranian 

population is estimated to be approximately 10.9%. 

The most frequent congenitally missing teeth are man-

dibular second premolars (23.34%) followed by maxil-

lary second premolars (22.02%) 3. 

Dental agenesis can occur in different ways. It can 

be a part of a syndrome such as Ectodermal dysplasia 

or happens as an isolated trait 4. Tooth agenesis classi-

fication in the literature is according to the number of 

missing teeth; hypodontia refers to the condition when 

there are one to five missing teeth and in oligodontia, 

six or more teeth are missing excluding third molars 5. 

 

 

 

 

Among several genes involved in tooth develop-

ment, mutations in MSX1, PAX9, AXIN2, WNT10A, 

EDA and KDF1 have been reported to play a role in 

tooth agenesis 6-13. MSX1 is the first gene detected to 

have an association with this anomaly 6. A heterozy-

gous mutation in either PAX9 or MSX1 has been wide-

ly reported to cause tooth agenesis in populations 6,11, 

13-16. 

MSX1 belongs to Homeobox family and is the first 

gene reported in association with tooth agenesis 17. 

PAX9 belongs to the family of paired box 18, and is the 

primary gene involved in early tooth development in 

humans 13. MSX1 and PAX9 are two transcription fac-

tors which are expressed in dental mesenchyme in re-

sponse to epithelial signals and  they play an important 

role during progression from bud to cap stage in odon-

togenesis 6,19. WNT10A mutations in ectodermal dys- 
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plasia were reported in autosomal dominant and reces-

sive forms 20. The mutations of these genes can induce 

severe hypodontia and non-syndromic tooth agenesis 
8,20. The only consistent feature of patients with WNT-

10A mutations is hypodontia 21. 

Lack of studies in this field despite the high preva-

lence in Iran necessitates studies to find the exact caus-

ative factors in the affected population. The aim of the 

present study was to identify the mutations in the can-

didate genes, PAX9, MSX1 and WNT10A, responsible 

for tooth agenesis in 4 Iranian families with hereditary 

pattern of non-syndromic tooth agenesis. 

 

Materials and Methods 
 

Pedigree construction and clinical diagnosis 
Members of 4 unrelated Iranian families with 2 or 

more individuals affected with tooth agenesis were 

selected through clinical and radiographic examina-

tions. Informed consent forms were obtained from all 

participants and the study was approved by the Ethics 

committee of Shahid Beheshti University of Medical 

Sciences (IR.SBMU.DRC.REC.1398.085). 
 

DNA extraction and sequencing 
Peripheral blood samples of all the participants were 

obtained and genomic DNA was extracted by salting 

out method. Forward and reverse primers were de-

signed for all coding and flanking regions of PAX9, 

MSX1 and WNT10A genes, and amplified by Polymer-

ase Chain Reaction (PCR) (Tables 1-3). 

PCR reaction mix was performed by forward and 

reverse primers with concentration of 10 pmol and  50-

100 ng of template DNA in total volume of 20 µmol 

using Super PCR MasterMix 2X (Yektatajhiz, Iran). 

The PCR was  started at 95°C  for 5 min followed by 

20 cycles (95°C for 40 s, 65°C for 30 s with a decre-

ment of 0.5°C per cycle, 72°C for 40 s) and in the sec-

ond step by 30 cycles (95°C for 40 s, 55°C for 30 s  

and 72°C for 40 s). The process was concluded by a 5 

min extension at 72°C. Then, mutation screening for all 

subjects was performed using direct Sanger sequencing 

(ABI PRISMTM3100; Applied Biosystems, Foster City, 

CA, USA). 
 

Mutation analysis 
Allele frequency of all variants was obtained using 

https://asia.ensembl.org/,https://genome.ucsc.edu/,https

://www.internationalgenome.org/1000-genomes-brow-

sers/ and http://www.iranome.ir/websites.  

Protein prediction was checked via polyphen 2 and 

SIFT. Finally, the pathogenicity scores of variants were 

determined by the information available at https:// 

www.ncbi.nlm.nih.gov/clinvar/,https://varsome.com/,ht

tp://wintervar.wglab.org/websites, augmented with the 

data available at http://www.iranome.ir/. All variants 

were interpreted according to ACMG guidelines. 

 
Results 

 

Clinical findings 
In family A, patient II: 1 had a missing maxillary 

lateral incisor, the same as the father (Patient #I: 2) 

(Figure 1). Patient II: 2 in the first family had second 

premolar agenesis, the same as his father (I: 5). The 

trait seems to be unrelated to the proband. Right lateral 

incisors of patient II: 1 and patient I: 2 of family B 

were missing (Figure 2). Both the proband of family C 

(II: 1) and her father (I: 2) had missing right maxillary 

lateral incisor (Figure 3). Patient II: 1 of family D had 

both missing maxillary lateral incisors, the same as 

mother (Patient #I: 2) (Figure 4). All the patients were 

examined for other craniofacial anomalies and syn-

dromes.  
 

Table 1. MSX1 designed primers 
 

Name Sequence 

MSX1-ex.1.a-F CTTCAGCGCAGAGGAAAGTTTCC 

MSX1-ex.1.a-R AGGAGCGAAGGGGACACTTTG 

MSX1-ex.1.b-F CTCGGTGTCAAAGTGGAGGAC 

MSX1-ex.1.b-R CAAGGCGAGGAGGTCTGGAA 

MSX1-ex.2-F TCTTGGGCTGATCATGCTCC 

MSX1-ex.2-R GCCCTCAGTTTCCCCATCTT 

 

Table 2. PAX9 designed primers 
 

Name Sequence 

PAX9-ex.2-F ACATTCAGACCAAACGCTTTCA 

PAX9-ex.2-R TGTAGGAACACGAGCAAAGTCA 

PAX9-ex.3.a-F GATTGGACAGTGACGGTTTGG 

PAX9-ex.3.a-R CCGATCTTGTTGCGCAGAAT 

PAX9-ex.3.b-F AAGATCCTGGCGCGATACAA 

PAX9-ex.3.b-R TCAGGTGGTGGGAAAGACAG 

PAX9-ex.4-F GGTCAGAGAATTTGGAAAGGCCT 

PAX9-ex.4-R CTCGTAGCAGCAAAGGGACG 

PAX9-ex.5-F TGTTTAAGTGGCAAGACTGTGA 

PAX9-ex.5-R CCTTTGAGGGGTGTAGGTTTCT 

 

 

Table 3. WNT10A designed primers 
 

Name Sequence 

WNT10A-ex.1-F CTTGAGAGGCACCGGGAGTT 

WNT10A-ex.1-R CTTGTGCTTACTCCTGAGGTGG 

WNT10A-ex.2-F GGAGGTCAAGGAGAGAGGAATGT 

WNT10A-ex.2-R GTGTGTGGGGATGGGAGGAT 

WNT10A-ex.3-F TGCCCTTCTTTGACTCTGTTTCC 

WNT10A-ex.3-R AACGAGAAGATTGCCAAGGTGT 

WNT10A-ex.4-F AGAAGTTCTTCTGACTGCCTGG 

WNT10A-ex.4-R AAGAACCCAGTCAGTCCTAGAG 

 

Figure 1. Pedigree of A family. Panoramic radiograph and the clini-

cal photograph of the proband. 

https://asia.ensembl.org/
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Sequencing analysis 
In PAX9 gene, three reported heterozygous variants 

were found in 5´ UTR(rs12883298 and rs12882923 in 

A, B and D and rs12883049 in A and D family) and 

one heterozygous intronic variant (rs2236007) was 

found in A family. A heterozygous missense variant in 

exon 4 (rs4904210) was detected in all affected mem-

bers of A, B and D family. 

MSX1 sequencing revealed one heterozygous mis-

sense variant in exon 1a (rs36059701) in C family, one 

intronic variant in exon 1b (rs149370601) in C, A (het-

erozygous) and B family (Homozygous). Two hetero-

zygous variants in 5´UTR in exon 1b (rs186861426 in 

A family and rs774949973 in C family) and one heter-

ozygous 3´ UTR variant in exon 2(rs8670) in A and C 

family were also found. All the variants were reported 

to be Single Nucleotide Polymorphism (SNP) and clas-

sified as non-pathogenic. No variants in WNT10A gene 

were found in the families. 

 

Discussion 
 

Tooth agenesis is mostly seen in non-syndromic pat-

tern 22. Several genes, including MSX1, PAX9, AXIN2, 

WNT10A and EDA have been reported to involve in 

tooth agenesis. PAX9 mutations tend to affect molars, 

whilst MSX1 mutations cause second premolar agene-

sis 18. EDA mutations mainly affect anterior teeth 9. 

A missense variant (rs4904210) was identified in 

this study. This variant was previously reported as a 

benign variant in PAX9 gene 6. In a meta-analysis per-

formed by Zhang et al, there was no association be-

tween this SNP and tooth agenesis 14.  

Another study performed in 2018 by Zhang et al in-

vestigating novel mutations in PAX9 gene suggested 

that the SNP (rs4904210) with the novel mutation 

(c.G1057A) can induce microdontia and hypodontia 11. 

In a review accomplished by Bonczek et al on PAX9 

mutations and tooth agenesis, they suggested the possi-

bility of an association between rs4904210 and non-

syndromic hypodontia, at least in males 23. 

Wang et al in screening of a family with 6 individu-

als represented no mutations in MSX1 and AXIN2 

genes, leading to a conclusion that rs4904210 poly-

morphism could be a risk factor for tooth agenesis in 

Han ethnicity 24. In contrast, Pereira et al suggested 

there was no association between rs4904210 and tooth 

agenesis, and the variant is mostly a neutral polymor-

phism in humans 25. 

PAX9 mutations reported to affect molars and pre-

molars 15,18 while mutations in PAX9 can have an asso-

ciation with agenesis of different kinds of teeth 26. 

Since in our study the most prevalent missing tooth 

was lateral incisor and two families had different phe-

notypes specially patients I: 5 and II: 2 in the first 

family with premolar agenesis, the existence of variant 

rs4904210 in all of the patients may suggest that this 

variant cannot be the main cause for tooth agenesis; 

however, the possibility also cannot be definitely re-

jected. 

Other studies reported the existence of 3 variants in 

5´ UTR variant (rs12883298, rs12882923 and rs-

12883049) 6, with high allele frequency (0.552 for rs-

12883298 and 0.0552 for rs12882923 and 0.207 for 

rs12883049). The intronic variant (rs2236007) has high 

allele frequency of 0.189. All these variants have high 

frequency which indicates these variants are common 

in Iranian population. Although a study performed in 

Czech Republic and 2 other studies in Tunisian and 

Brazilian populations reported the polymorphisms of 

rs12883298 and rs12883049 may have possible influ-

ences in hypodontia occurrence, further researches 

with larger groups should be implemented to confirm 

the findings 15,27,28. 

The missense variant (rs36059701) on MSX1 gene 

has been reported to play a role on orofacial clefts 29 

and also the high prevalence (0.1036) suggests that this 

variant cannot be responsible for tooth agenesis in our 

studied population. 

Figure 2. Pedigree of B family. Panoramic radiograph and the clini-

cal photograph of the proband. 

Figure 3. Pedigree of C family. Panoramic radiograph and the clini-

cal photograph of the proband. 

Figure 4. Pedigree of D family. Panoramic radiograph and the clini-

cal photograph of the proband. 
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The rs8670 variant in 3´ UTR has previously been 

reported to be associated with non-syndromic tooth 

agenesis 30,31. Another study suggested that this variant, 

in homozygous form, may contribute to agenesis of 

upper lateral incisors; however, since the polymor-

phism is quite common, additional genes must be in-

volved in this phenotype 32. 

 

Conclusion 
 

In conclusion, the variants found in the PAX9, 

MSX1 and WNT10A genes may not play a role in non-

syndromic tooth agenesis, but further studies should be 

performed to explore the exact association between 

these SNPs and the disease. The other candidate genes 

also should be assessed in order to find the exact causa-

tive relation for tooth agenesis. 

 
Acknowledgement 

 

We appreciate the patients and their families coop-

eration in this research without whom, this study would 

not have been possible. We should also show our grati-

tude to the staff of genetics research group of Shahid 

Beheshti University who assisted us in conducting the 

research.  

 

References 
 

1. Nieminen P. Genetic basis of tooth agenesis. J Exp Zool 

B Mol Dev Evol 2009;312B(4):320-342.  
 

2. Polder BJ, Van’t Hof MA, Van der Linden FP, Kuij-

pers‐Jagtman AM. A meta‐analysis of the prevalence of 

dental agenesis of permanent teeth. Community Dent 

Oral Epidemiol 2004;32(3):217-226.  
 

3. Sheikhi M, Sadeghi MA, Ghorbanizadeh S. Prevalence 

of congenitally missing permanent teeth in Iran. Dental 

Res J 2012;9(Suppl 1):105-111.  
 

4. Vieira A. Oral clefts and syndromic forms of tooth agen-

esis as models for genetics of isolated tooth agenesis. J 

Dent Res 2003;82(3):162-165.  
 

5. Tatematsu T, Kimura M, Nakashima M, Machida J, 

Yamaguchi S, Shibata A, et al. An aberrant splice ac-

ceptor site due to a novel intronic nucleotide substitution 

in MSX1 gene is the cause of congenital tooth agenesis 

in a Japanese family. PloS One 2015;10(6):e0128227.  
 

6. Haddaji Mastouri M, De Coster P, Zaghabani A, Jammali 

F, Raouahi N, Ben Salem A, et al. Genetic study of 

non‐syndromic tooth agenesis through the screening of 

paired box 9, msh homeobox 1, axin 2, and Wnt family 

member 10A genes: a case‐series. Eur J Oral Sci 2018; 

126(1):24-32.  
 

7. Abid M, Simpson M, Barbosa I, Seppala M, Irving M, 

Sharpe P, et al. WNT 10A mutation results in severe 

tooth agenesis in a family of three sisters. Orthod Cranio-

fac Res 2018;21(3):153-159.  
 

8. van den Boogaard M-J, Créton M, Bronkhorst Y, van der 

Hout A, Hennekam E, Lindhout D, et al. Mutations in 

WNT10A are present in more than half of isolated 

hypodontia cases. J Med Genet 2012;49(5):327-331.  
 

9. Han D, Gong Y, Wu H, Zhang X, Yan M, Wang X, et al. 

Novel EDA mutation resulting in X-linked non-syndro-

mic hypodontia and the pattern of EDA-associated iso-

lated tooth agenesis. Eur J Med Genet 2008;51(6):536-

546.  
 

10. Zeng B, Lu H, Xiao X, Yu X, Li S, Zhu L, et al. KDF1 is 

a novel candidate gene of non-syndromic tooth agenesis. 

Arch Oral Biol 2019;97:131-136.  
 

11. Zhang T, Zhao X, Hou F, Sun Y, Wu J, Ma T, et al. A 

novel PAX9 mutation found in a Chinese patient with 

hypodontia via whole exome sequencing. Oral Dis 2019; 

25(1):234-241.  
 

12. Wong SW, Han D, Zhang H, Liu Y, Zhang X, Miao M, 

et al. Nine novel PAX9 mutations and a distinct tooth 

agenesis genotype-phenotype. J Dent Res 2018;97(2): 

155-162.  
 

13. Kapadia H, Mues G, D'souza R. Genes affecting tooth 

morphogenesis. Orthod Craniofac Res 2007;10(3):105-

113.  
 

14. Zhang W, Qu H, Zhang Y. PAX-9 polymorphism may be 

a risk factor for hypodontia: a meta-analysis. Genet Mol 

Res 2014;13(4):9997-10006.  
 

15. Mastouri MH, De Coster P, Zaghabani A, Trabelsi S, 

May Y, Saad A, et al. Characterization of a novel mut-

ation in PAX9 gene in a family with non-syndromic 

dental agenesis. Arch Oral Biol 2016;71:110-116.  
 

16. Nieminen P, Arte S, Tanner D, Paulin L, Alaluusua S, 

Thesleff I, et al. Identification of a nonsense mutation in 

the PAX9 gene in molar oligodontia. Eur J Hum Genet 

2001;9(10):743-746. 
 

17. van den Boogaard M-JH, Dorland M, Beemer FA, van 

Amstel HKP. MSX1 mutation is associated with oro-

facial clefting and tooth agenesis in humans. Nat Genet 

2000;24(4):342-343.  
 

18. Liang J, Qin C, Yue H, He H, Bian Z. A novel initiation 

codon mutation of PAX9 in a family with oligodontia. 

Arch Oral Biol 2016;61:144-148.  
 

19. Vainio S, Karavanova I, Jowett A, Thesleff I. Identi-

fication of BMP-4 as a signal mediating secondary in-

duction between epithelial and mesenchymal tissues 

during early tooth development. Cell 1993;75(1):45-58.  
 

20. Bohring A, Stamm T, Spaich C, Haase C, Spree K, Hehr 

U, et al. WNT10A mutations are a frequent cause of a 

broad spectrum of ectodermal dysplasias with sex-biased 

manifestation pattern in heterozygotes. Am J Hum Genet 

2009;85(1):97-105.  
 

21. Kantaputra P, Sripathomsawat W. WNT10A and isolated 

hypodontia. Am J Med Genet A 2011;155(5):1119-1122.  
 

22. Chhabra N, Goswami M, Chhabra A. Genetic basis of 

dental agenesis-molecular genetics patterning clinical 

dentistry. Med Oral Patol Oral Cir Bucal 2014;19(2): 

e112-e119.  
 

23. Bonczek O, Balcar V, Šerý O. PAX9 gene mutations and 

tooth agenesis: a review. Clin Genet 2017;92(5):467-476.  
 

24. Wang J, Jian F, Chen J, Wang H, Lin Y, Yang Z, et al. 

Sequence analysis of PAX9, MSX1 and AXIN2 genes in 

a Chinese oligodontia family. Arch Oral Biol 2011;56 

(10):1027-1034.  



24
0 

Screening PAX9, MSX1 and WNT10A Mutations in 4 Iranian Families with Non-Syndromic Tooth Agenesis 

Avicenna Journal of Medical Biotechnology, Vol. 12, No. 4, October-December 2020     240 

25. Pereira TV, Salzano FM, Mostowska A, Trzeciak WH, 

Ruiz-Linares A, Chies JA, et al. Natural selection and 

molecular evolution in primate PAX9 gene, a major 

determinant of tooth development. Proc Natl Acad Sci 

USA 2006;103(15):5676-5681.  
 

26. Kapadia H, Frazier-Bowers S, Ogawa T, D'souza RN. 

Molecular characterization of a novel PAX9 missense 

mutation causing posterior tooth agenesis. Eur J Hum 

Genet 2006;14(4):403-409.  
 

27. Hloušková A, Bonczek O, Izakovičová-Hollá L, Loch-

man J, Šoukalová J, Štembírek J, et al. Novel PAX9 gene 

polymorphisms and mutations and susceptibility to tooth 

agenesis in the Czech population. Neuro Endocrinol Lett 

2015;36(5):452-457.  
 

28. Boeira Junior B, Echeverrigaray S. Novel missense mut-

ation in PAX9 gene associated with familial tooth agen-

esis. J Oral Pathol Med 2013;42(1):99-105.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29. Modesto A, Moreno L, Krahn K, King S, Lidral A. 

MSX1 and orofacial clefting with and without tooth 

agenesis. J Dent Res 2006;85(6):542-546.  
 

30. Pawlowska E, Janik-Papis K, Wisniewska-Jarosinska M, 

Szczepanska J, Blasiak J. Mutations in the human hom-

eobox MSX1 gene in the congenital lack of permanent 

teeth. Tohoku J Exp Med 2009;217(4):307-312.  
 

31. Paixão-Côrtes VR, Braga T, Salzano FM, Mundstock K, 

Mundstock CA, Bortolini MC. PAX9 and MSX1 trans-

cription factor genes in non-syndromic dental agenesis. 

Arch Oral Biol 2011;56(4):337-344. 
 

32. Junior BB, Echeverrigaray S. Polymorphism in the 

MSX1 gene in a family with upper lateral incisor agen-

esis. Arch Oral Biol 2012;57(10):1423-1428. 

 


