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PAX9 and MSX1 gene mutations are responsible for 
non-syndromic oligodontia in Uyghur population
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Abstract: Tooth development is a complicated process that involves sophisticated interactions among the epithe-
lium and underlying mesenchyme. Tooth agenesis or dental defects is mainly due to the imbalance process of 
those interactions. There are multitude genes that involved in tooth development. The main aim of the study was to 
provide evidence for the gene mutations that are responsible for non-syndromic oligodontia in Uyghur population in 
China. Genomic DNA was obtained from both the patients and the volunteers (control group) by using buccal swabs. 
The DNA was amplified with polymerase chain reaction technique and then directly sequenced. Results showed that 
two nucleotide changes were found in the coding region of PAX9 exon 3 at position 85, 86 and also in the coding 
region of MSX1 exon 1 at position 353 and exon 2 at position 448. The findings suggested that nucleotide variants 
of the coding region of PAX9 exon 3 at position 85, 86 and the coding region of MSX1 exon 1 at position 353 were 
responsible for non-syndromic oligodontia in Uyghur people. 
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Introduction

Congenitally missing teeth is an anomaly that is 
frequently seen in people. Hypodontia (OMIM 
#106600) is the most frequently used term to 
describe the phenomenon of congenital lack of 
teeth or dental agenesis. According to the num-
ber of missing teeth, now most scholars classi-
fy congenitally missing teeth into three catego-
ries: hypodontia (the absence of less than 6 
teeth), oligodontia (the absence of more than 6 
teeth) and anodontia (complete absence of 
teeth) [1]. It is eminent that both hypodontia 
and oligodontia can occur in both sporadic and 
familial forms, and according to the presen- 
ce of other inherited abnormalities, it can be 
classified as non-syndromic and syndromic 
hypodontia/oligodontia [2]. It may have an 
autosomal dominant condition, autosomal re- 
cessive condition, X-linked inheritance or poly-
genic [3]. The prevalence of agenesis showed 
distinct variation in the surveys conducted, and 
the regional difference was also obvious among 
various studies. [4, 5]. Due to Uyghurs’ unique 
culture, dietary habit, genetic background, atti-
tude to oral health, and lack of oral health pro-
motion and education, predictors of hypodon-
tia/oligodontia may be quite distinct. Yet evi-

dences concerning prevalence and risk factors 
of congenitally missing teeth in Uyghur popula-
tion still remain blank. We are first to investi-
gate the confounders of congenitally missing 
teeth of different ethnic groups in this region. 
The result showed that overall prevalence rate 
was 5.98%. The prevalence of Han and Uyghurs 
was 6.76% and 4.66% respectively. There is a 
significant difference in the prevalence of  
the two groups. Studies have shown that the 
majority of the mutations responsible for tooth 
agenesis has been identified in MSX1 (OMIM 
*142983) and PAX9 (OMIM *167416), which 
are genes encoding transcription factors that 
play an indispensible role during non-syndro- 
mic odontogenesis [6]. We selected PAX9 and 
MSX1 as candidate pathogenic genes in order 
to confirm our hypothesis. Therefore, the main 
purpose of the study was to identify mutations 
responsible for non-syndromic oligodontia in 
Uyghur population in Xinjiang. 

Materials and methods

Patients and control groups

The experimental protocol was approved by the 
ethics committee of the First Affiliated Hospital 
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of Xinjiang Medical University in full accordance 
with the World Medical Association Declaration 
of Helsinki and written consent was obtained 
from each individual for the publication of this 
report and any accompanying images. Parents 
also gave written consent for study participa-
tion of their children who were under the age of 
18. 12 patients were referred for treatment to 
the Department of Prosthodontics of the First 
Affiliated Hospital of Xinjiang Medical Univer- 
sity with a chief complaint of tooth loss. (Age 
between 11~52). None of them revealed abnor-
malities of nails, skin, hair and ectodermal dys-
plasia. Of the 12 patients, six were with familial 
history from two pedigrees and the other six 
were sporadic. And 122 unrelated healthy Uy- 
ghur students of Xinjiang Medical University 
who were not affected with tooth agenesis and 
other craniofacial abnormalities were selected 
as a control group (age between 18~22). The 
diagnosis of oligodontia was verified by taking 
panoramic dental radiographs (Figures 1 and 
2), and detailed family and medical histories 
were taken based on a standardized question-
naire. Oral examinations were performed and 
the number of congenitally missing teeth was 
recorded (4 to 9 excluding third molars). 

Mutation analysis of MSX1 and PAX9

Genomic DNA was obtained for the patients 
and the control whose informed consent was 
obtained by using buccal swabs according to 
the manufacturer’s instructions at the Geno- 
mic DNA isolation kit and 2×Taq PCR MasterMix 
(Bo Maide Technology Development Co., Ltd, 
Beijing, CN). Ultraviolet spectrometer ND1000 
was used to detect DNA concentration and 
purity with optical value (260 nm/280 nm) of 
around 1.8 and 2.0, which then qualified as a 
pure DNA. The concentration was 100 ng/μL 
and it was stored at -20°C. The primer sequenc-
es were designed specifically according to the 
reference (Tables 1 and 2). PAX9 and MSX1 
genes were amplified with primers set for ex- 
ons 4 and exons 2 respectively in Shanghai 
Biological Engineering Technology Services Li- 
mited. 

Polymerase chain-reaction was 50 μl: DNA 5 μl 
with each common primer was 1 μl, 2× Mas- 
terMix 25 μl, ddH2O 18 μl. PCR reaction condi-
tions: PAX9 gene was initially denatured at 
95°C for 5 minutes, then denatured at 95°C 
and annealed for 30 s. MSX1 gene was initially 
denatured at 94°C for 5 minutes, then dena-
tured at 94°C and annealed for 50 s. The PCR 
products were then subjected to restriction di- 
gestion according to the manufacturer’s in- 
struction (BIO-Rad, USA). Digestion products 
were analyzed by electrophoresis on a 2%  
agarose gel (Figures 3 and 4). Both PAX9 and 
MSX1 genes PCR product purification and bi- 
directional DNA sequencing were completed  
by Shanghai Biological Engineering Technology 
Services Limited. 

DNA sequence analysis of the PAX9 and MSX1 
genes

DNAman software was applied to analyze 
sequence alignment combining peak figures 
based on the results of sequencing and the 
pedigrees. 

Results

Clinical evaluation and pedigree analysis

All reported cases were Uyghurs who were born 
in Xinjiang, and we also limited our study to 
Uyghurs for population homogeneity. All of 
them did not reveal any abnormalities of nails, 

Figure 1. Case IX panoramic radiograph.

Figure 2. Family of two proband cases XI panoramic 
radiograph.
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skin, hair and ectodermal dysplasia. In the reg-
ular health examinations, the family members 
had no medical history of abnormalities, or of 
any other systematic disorders or teeth ex- 
traction. The panoramic radiograph showed 
that all patients’ third molars and mandibul- 
ar premolars were missing congenitally. The 
agenesis was also observed in maxillary lateral 
incisors and first premolars of the upper/lower 
jaw. The cases (VII, VIII, IX, X) and the cases (XI, 
XII) were from the same pedigrees respective- 
ly while the cases I~VI were outpatient ad- 
missions and sporadic patients from epide- 
miological survey (Table 3). 

Sequencing results

Sequence analysis of the 12 patients was com-
pared with the wild-type gene sequences and 
the coding region of PAX9 exon 3 at 85th nucleo-
tide of the cases (IX, X, XI, XII) was heterozy-
gous C (T). And the coding region of PAX9 exon 
3 at 86th nucleotide of the cases (VIII, IX, X) was 

which leads to an alanine-to-glycine substitu-
tion, was missense mutations. None of the con-
trols and the other patients exhibited such 
substitution.

Discussion

Tooth development is an extremely complex 
process that involves multiple gene regulation. 
Studies in mice showed that more than 300 
genes were associated with this process. PAX9, 
MSX1, AXIN2, EDA genes are responsible for 
tooth agenesis in a family and it has recently 
been reported that PAX9 and MSX1 genes are 
associated with non-syndromic oligodontia [7]. 
PAX9 gene is one of the family members of the 
PAX, which is a paired domain transcription 
factor that takes a key responsibility in tooth 
development. In 2000, a study [8] identified 
that mutation of PAX9 gene was closely related 
to tooth agenesis and Micro-satellite Markers 
method was used to locate it at 14q12~13. 
Studies have shown that the PAX9 gene abnor-

Table 1. PAX9 gene amplification primers
The target 
fragment 
(exons)

Sequence (5’~3’)
Product 

size 
(bp)

Annealing 
tempera-
ture (°C)

1 F: GCCCACGTTGCTGCTTAGATTGAAA 273 61
R: CTCCCTCCCTTCCCGGCTCT

2-1 F: AGGCAGCTGTCCCAAGCAGCG 235 60
R: TGTATCGCGCCAGGATCTTGCTG

2-2 F: ATCCGACCGTGTGACATCAGCC 249 60
R: GGAGGGCACATTGTACTTGTCGC

2-3 F: GCATCTTCGCCTGGGAGATCCG 355 61.5
R: GAGCCCCTACCTTGGTCGGTG

3 F: TTTGGGTCCCGTCTCAAGAGTGG 264 62
R: CCTAAATCCCCGCCGCCACG

4 F: GGAGAGTAGAGTCAGAGCATTGCTG 450 59
R: GAGACCTGGGAATTGGGGA

Table 2. MSX1 gene amplification primers
The target 
fragment 
(exons)

Sequence (5’~3’)
Product 

size
(bp)

Annealing 
temperature

(°C)
1-1 F: CTGGCCTCGCCTTATTAGC 661 57

R: CTTCTGGCAGCTTGAGGAGT
1-2 F: AGTGTCCCCTTCGCTCCT 227 57

R: CTTCTGGCAGCTTGAGGAGT
2 F: ACTTGGCGGCACTCAATATC 669 55

R: TGTGAGGGTTAAAGGGAAGG

heterozygous G (C) (Figure 5). To 
contrast with PAX9 wild-type ge- 
ne sequences, we found that posi-
tion 85 was from C → T, position 
86 was from G → C and remaining 
nucleotide positions were identi- 
cal. 

Corresponding coding at position 
85 (CAC → CAT), which was still 
coding histidine (His), was the syn-
onymous mutation. Corresponding 
coding at position 86 (GCG → 
CCG), which leads to an alanine-to-
proline substitution, was the mis-
sense mutations. None of the con-
trols and the others exhibited such 
substitution.

Coding region of MSX1 exon 1 at 
353th nucleotide of the cases (VIII, 
IX) was heterozygous C (G) while 
coding region of MSX1 exon 2 at 
448th nucleotide of the cases (V, IX) 
was heterozygous C (T) (Figures 6 
and 7).

To contrast with MSX1 wild-type 
gene sequences, we found that 
position 353 was from C → G and 
corresponding coding changed fr- 
om GCA to GGA. The amino acid, 
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malities can lead to non-syndromic hypodon-
tia/oligodontia, especially the agenesis of most 
molars [9]. 

In this study, the result of the sequence analy-
sis revealed that the coding region of PAX9 
exon 3 of the cases of VIII, IX, X, XI and XII had 
2 polymorphic loci at position 85 and 86. 
Among them, corresponding coding at position 
85 (CAC → CAT) was the synonymous while 
position 86 was the missense mutations. The 
corresponding coding was GCG → CCG and 
encoded amino acid caused a substitution 
from alanine to proline, which has recently 

Figure 3. Six fragments of amplified PCR PAX9 gene. (Fragment 1: exon 1 fragment 2-4: outside exon 2, fragment 5: 
outside the exon 3 fragment 6: exon 4).

Figure 4. MSX1 gene was amplified by PCR of three 
fragments. (Fragments 1-2: exon 1 fragment 2: exon 
2).
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been reported to result in tooth agenesis. 
Although it is said that the synonymous muta-
tions at position 85 affect gene expression, the 
missense mutations at position 86 changes 
encoded amino acid, which most likely leads to 
abnormal tooth development. A study showed 
that PAX9 and all the other genetic variation in 
the exon regions might cause changes in DNA 
structures and functions, which then affect the 
normal development of teeth [10]. 

After the sequence analysis of the coding 
region of PAX9 exon 3, we found that cases IX 
and X at position 85, 86 exist abnormalities on 
the bases, 85 C → T, 86 G → C respectively. 
However, the cases XI, XII showed that C → T 
mutation was at position 85 and VIII showed 
the only mutation at 86. Apparently, these hese 
two single nucleotide polymorphisms (SNPs) 
were not associated. MSX1 gene is a member 
of homeobox gene MSH family, which codes for 

phism loci in China. Studies have suggested 
that the prevalence of polymorphic loci may 
increase the risk of having tooth agenesis [12]. 

All of the patients in this study were missing 
third molars congenitally, it is predictable that 
these patients with genetic defect are susce- 
ptible to degenerative changes of the third 
molars. Our finding suggested that PAX9 exon 2 
SNP loci and the MSX1 exon 1 SNP loci are 
associated with oligodontia with Uyghur pati- 
ents. However, genes associated with tooth 
development are extremely complex. PAX9 and 
MSX1 aside, we must take other genetic and 
environmental factors into considerations be- 
cause they can make the case of oligodontia 
even more complicated to investigate. Due to 
the limited number of the Uyghur patients in 
this study, it is difficult to establish causative 
link of the disease. Therefore, expanding the 
number of the cases and completing the family 

Table 3. Position record of congenital missing tooth 
Cases and 
dental arch

Right Left
8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8

I Maxillary      

Mandibular    

II Maxillary     

Mandibular    

III Maxillary    

Mandibular    

IV Maxillary      

Mandibular    

V Maxillary       

Mandibular      

VI Maxillary      

Mandibular    

VII Maxillary   

Mandibular     

VIII Maxillary     

Mandibular   

IX Maxillary      

Mandibular       

X Maxillary        

Mandibular     

XI Maxillary      

Mandibular     

XII Maxillary  

Mandibular      

Note: Roman numerals are for the case number;  for congenital missing teeth.

a transcription factor playing a 
critical role in limb formation, 
craniofacial development and 
tooth development. MSX1 gene 
disorder is associated with con-
genitally missing teeth. The cur-
rent studies showed that the 
prevalence of tooth loss is more 
common on first and third 
molars [11].

Our study revealed that two 
SNP loci of two MSX1 genes 
were located in exon 1 and 
exon 2 respectively. And exon 1 
position 353 was C → G with 
the corresponding coding of 
GCA → GGA, which was also 
missense mutations with enco- 
ded amino acid changed from 
alanine to glycine. It may be be- 
cause missense mutations ch- 
anged the encoded amino acid. 
But exon 2 position 448 was  
C → T which was located in  
the non-functional areas of the 
exons did not participate in  
the process of encoding amino 
acid. 

It implicates that oligodontia is 
not linked with this group of 
patients. There are few reports 
about the MSX1 gene polymor-
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Figure 5. PAX9 gene exon 3 sequencing results (A) Case XI (B) cases IX. (A arrows are PAX9 gene alteration of exon 
3 position 85, B arrows are the PAX9 gene alteration of exon 3 at position 86).

Figure 6. MSX1 gene exon 1 sequencing results Case IX. (Arrows show the MSX1 gene alteration of exon 1 at posi-
tion 353).
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history data thoroughly seem necessary to fur-
ther understand the specific causes of this 
relationship.
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