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[Abstract] Objective This article explores the relationship between congenital tooth agenesis and related gene mu-

tations, providing a reference for early diagnosis of the disease. Methods Clinical and radiographic examinations of a
rare case of congenital tooth agenesis were conducted to evaluate the abnormal morphology and quantity of the teeth, as
well as the overall health of the patient. Bidirectional sequencing of the PAX9 and MSX1 genes and whole-exome se-
quencing were conducted to identify potential genetic abnormalities. Sanger sequencing of the newly discovered muta-
tion site was performed on the proband’s son. Subsequently, the impacts of the mutations were evaluated through compu-
tational tools and a cell-based gene transfection assay. Results This is a rare case of tooth agenesis characterized by a
congenitally missing first molar, a second molar with one single root and a supernumerary second premolar in the right
mandibular dentition. The ¢.717 C > C/T in PAX9 is synonymous. The ¢.119C > G in MSX1 is a missense mutation pre-
dicted to be “benign” by Polyphen. Through whole-exome sequencing, we found a novel mutation, ¢.637-7 C > A in in-
tron 3 of the WNT6 gene, which is predicted by MAXENT to influence the splicing of mRNA. Both the proband and his
son carry this mutation. A cell-based gene transfection assay demonstrated that it did not alter the mRNA splicing of

WNT6. Conclusion The interaction between single nucleotide polymorphisms may contribute to congenital tooth agen-
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RPMI-1640 5 355 \DMEM &85 %1 1% 35 3 (Gib-
co, B ) ; B4 (Gibeo, EH ) ; HRHEX-ME R
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3 Ao TR W R M R UK Y 6 PCR Y3 7 itk A 7
34T, IEEH PCR glifk il & i A7 4tk . fidH Nlu-
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C A Bt 12 , A AR Y HORLE 2o A2 SNP
B 2 (dbSNP, https://www.ncbi.nlm.nih.gov/snp/) ,
1000 J& A 41 3 H % 38 22 (https://www.ncbi.nlm.nih-
gov/variation/tools/1000genomes/ ) F1 4 {21 I J¥> 251
H (ESP, http://evs.gs.washington.edu/EVS/) , fifi &
SR ARG A B S AL 7 A

R PAXOEEH W51
Table 1 PAX9 gene primer sequences

Primer sequence (5-37) Size/bp Amnealing
temperature/C
Exon2  F: CCACTGAGGCGGTGCGGAAAG 227 58
Exon2  R: CCTACAACTTGTAGGAACACGAGCAAAG
Exon 3a  F: AGGCAGCTGTCCCAAGCAGCG 235 58
Exon 3a R: TGTATCGCGCCAGGATCTTGCTG
Exon 3b F: ATCCGACCGTGTGACATCAGCC 239 58
Exon 3b R: GGAGGGCACATTGTACTTGTCGC
Exon 3¢ F: GCATCTTCGCCTGGGAGATCCG 345 58
Exon 3¢ R: GAGCCCCTACCTTGGTCGGTG
Exon4  F: TTTGGGTCCCGTCTCAAGAGTGG 263 58
Exon4  R: CCTAAATCCCCGCCGCCACG
Exon5  F: GGAGAGTAGAGTCAGAGCATTGCTG 450 58
Exon5  R: GAGACCTGGGAATTGGGGGA
T2 MSXIEEHG )75
Table 2 MSXI gene primer sequences
Primer sequence (5-37) Size/bp Amnealing
temperature/C
Exon 1 F: CTGGCCTCGCCTTATTAGC 766 58
Exon I R: GCCTGGGTTCTGGCTACTC
Exon 2 F: ACTTGGCGGCACTCAATATC 698 56

Exon 2 R: CAGGGAGCAAAGAGGTGAAA
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primer3-0.4.0/) % 71 &1 XF WNT6 JE K 58 48 47 5 1 51
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15 RFER TG EHEZH

M GenBank 3 153 A 2 PAX9 Il MSX1 2 (K )5
B, 348 H Clustalw?2 A4 (ebi.ac.uk/Tools/msa/Clust-
alw2/) AT 53 #r o 1 FHAE 26 X 1 PolyPhen-2 (genet-
ics.bwh.harvard.edu/pph2/) ¥ i 2 A48 HOR P . i H
TEL A MAXENT (http://hollywood.mit.edu/burgelab/

maxent/Xmaxentscanscoreseqacc.html ) T ] 2& AF X}

WNT6 S5 5] 9 78 7 B F2 3000
1.6 ¥R

THP-1 15 % F & 10% i 4 1l 7& F1 1% WL 1)
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T 1% P A9 DMEM 85 3% 36 b o 40 i ik & F
5% CO. 1Y 37 CHEIRIEFRAA T . 4 40 i % B2 35 5
80% ~ 90%It , 1 FH IR LA 1: 3 WAL AL AR
1.7 M@ feds g

TR A BT B2 A B WNT6 i R B A 284 7 37
A c.637-7 C> ARZTFE) M LiR)PHE R
F IR peDNA3.L (+) I, 4 # WNT6 5 [ 1 A=
T Jo G AR R RIR M . % Hep G2 4l LA RFAL 1 X
10° 4™ 20 110 25 i A 3] 12 fL M b 5 24 W), (i
Lipo 2000 % 4% 12X 7114 BF A= 751 F1 98 A8 WNT6 FE K [T
BB Y B A0 b5 48 h e, B A TS 2k
1.8 %8 2 PCR

fif I RNA 25057 & A Hep G2 F1 THP-1 41 i
PR IBOEL RNA 5 it FH 306 4 53500 01 $2 U RNA
W cDNA , 17520 5 1 5 ff ] Sanger U7 H 5]
WY 7 4 B cDNA
1.9 %t F o
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TR A S A A DRI 5 475 K Del
FiDe2(El 1), 57 FaAHLE , Del 5 #36 H A X}
PR, De2 F i IE 250 5437 Ml . CBCT /R, iZ B H
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5AE TR A Y il AR Z AR e BB S A R AR
B H TR B A B WA A, S 4EEE T
LA R IL, De2 W A ML 5437 ML,
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De2/48 37/38

a: intra oral photography showed that #11 and #16 are missing; abnormal tooth morphology of Del is observed and is asymmetric to #36; the
crown shape of De2 is similar to #37; b: CBCT shows that the number of mandibular teeth in this patient is not abnormal, and no impacted
teeth are observed; c: the 3D tooth morphology shows that both the crown and root shape of De2 are similar to those of 37; d: panoramic radio-
graphs taken in April 2014. b and d confirm that there are neither anomalies in tooth number nor unerupted tooth follicles. Del: the tooth distal
to the second premolar in the right mandible, De2: the molar distal to Del

Figure 1  Intraoral photographs and radiographic images of the proband with congenital tooth agenesis

Bl SERMFLAFEARLIEE O N BEE =R R

a: intraoral photography shows that #13 is missing, with

no obvious abnormality in occlusal surface morphology;

b: panoramic radiograph shows that #13 is unerupted

Figure 2 Intraoral photographs and radiographic images of the son of the proband with congenital tooth agenesis
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22 REHM S WNT6 J R 55 U 52 AR i, I 7= A i 87 ) 32
T 45 S 38 78 PAXO BE PR AR i 3 g 717 K 3e)

C > C/T(rs12881240) (& 3a) A1 MSX1 F& K 4h i 7 1 23 FTEREHESH

Y ¢.119 C> G (rs36059701) (& 3b) FE7E R 7% i o S A B PCR & B WNT6 5 [K 7 THP-1

PAX9 L H1 Y ¢.717 C > C/T H A X 545, MSX1 3 Y v 3k, 7E Hep G2 4l AN K3k (El 4a)
K H Y ¢.119C > G (p.Alad40Gly ) Ky 4l X 5€ 7% |, Poly- IRl o A 52 86 16 FH Hep G2 JH TG 220198 o 41X
Phen-2 FiUi% 28 28943 47 0.027 , g« BAE" 28738 (& WNT6 K A 2 ARV 55, ¢.637-7 C > A 4 i B Af AU A
3c¢) o I LA A Iy i — 2P U A ] BE AR AE 1Y AT FFORE (K] 4b) |, % Y 31| Hep G2 41 My ; B 2E 7Y
HAh I A, 44h 7P AE JeiE & b A T F 575 T 27 6] 1) WNT6 %t PRl 6 ik K F- 22 R 64 it
— P DL WNT6 5 F 4 % F 28 14 : ¢.637-7C > A L (P>0.05, & 4c) ; S 5E £ PCR 45 1487,
(1s990065139) 5 iZ Z& A8 T WNT6 & K Py 7%+ 3 51; P A TR RN 5 A% R JORE 9 B U1 7 1 4558 750 bp 4%
Y7 15, A S5 A5 FE I 7E gnom AD £ 2 v (1) 28 A8 7 (L 4d) 5 0P I S B A 250 601 5 A8 78 O 1Y ¢ DNA
A 0.000 008, Sanger I 5 1E 512 5 IE & M H: JL? FEHIARE (B 4e) . WNTG6 Ji R 1 28 25 037 15 ¢.637-7
P42 2274 (8 3d) . MaxEnt 7% 98 78 2338 i C > A &XF mRNA Y3277 A 5210
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LRI LTI 2 388 5 Sy XU RS R A B e 2 7

ePAX‘): 717 C>C/T QMSXI: 119 C>G @ k1 2 3 E4 e

CGECGCCECGCATGCGGTGA CGCCGCGGCCACGGGAGECGCT MAXENT MM  WMM
‘f\ 0377 C>A egeceetetgecteeescagGCC 1150 12.07 11,93
]“ ) THeeccecren Feergececu®occe Teees cgeeectetgectacegeagGCC 9.46 9.98  9.59
Proband AAA I
\ W\ Ik Ayl
i
o o ﬁ
- - Son |\ AMA W NN j \\ WA A

0.00 0.20 0.40 0.60 0.80 1.00

a: a synonymous mutation in PAX9; b: a missense mutation in MSX1; c: functional prediction shows that the missense mutation in MSX1 is ‘BE-
NIGN’ with a score of 0.027 (sensitivity: 0.95; specificity: 0.81); d: a splice site mutation is detected in WNT6 carried by both the proband and his
son; e: prediction scores of the splicing variant indicate that the variant is highly likely to affect splicing of its pre-mRNA. E1, E2, E3 and E4 repre-

sent exons 1,2,3.4 respectively

Figure 3  Gene mutation analysis of the proband and his son with congenital tooth agenesis

3 SERMIFREARUEE KL T I3 AL

1.5 sk @ —> -

335 bp C/A 850 bp

0.51
() v wr @

THP-1 Hep G2 2 kp

E4 E3
CGAGGCGTGCCG WCTCGCGACGGGCG

0.0-

Relative expression of WNT6
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Z 0.5 250 bp 1 ) | i\ )
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° Mat JIATUVN N AN LA WA VWV AT
£ 1 [ I':'hl'r Y |I" WYL Y
G = 0.0- - 100 bp v, . i1 w.
~ Control Mutation

a: confirmation that the Hep G2 cell line does not express the WNT6 gene; b: schematic representation of the WNT6 minigenes in the eu-
karyotic expression vector pcDNA3.1. The positions of the primers are indicated by red arrows. CMV: CMV promoter; pA: polyA terminal.
E1, E2, E3 and E4 indicate exon 1, 2, 3 and 4; c: expression level of wild-type and mutated WNT6 in Hep G2 cells; d: PCR products of ¢D-
NA that corresponded to the minigene mRNA transcribed from plasmid WT and Mut were separated by agarose gel electrophoresis; e: re-
verse sequencing chromatograms of ¢cDNA from plasmid WT and Mut reveals that the mRNA sequence of wild type and mutated WNT6
showed no differences. ****P < 0.001. WT: wild type; Mut: mutant type
Figure 4  In vitro analysis of the splice site mutation in the WNT6 gene of the proband and his son with congenital tooth
agenesis
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Vi#37 AL, AR T & B RO ST FRIE U, De2 S 5F 8
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SR A RAL N 1.29% ', A THIE A R Y57 7Y
LR 2.62%"  H WA H BLHAR FYS” B & B
BRI AR et . % De2 J#47, Del Ky
ZHATEE A W 467 Fe RPEEL o S R T £
UL, H 2 R U FR A A= 07 S i fge 2 #36
ol #46 B UL, BE1E {UA Suprabha 55 i 38 &
L5757 A [ 7 AR S R B R “367 o TR, AR5
IAH De2 f A1 7] RN HLAR 1 #47 , Del b 2 4 il 5
T #46 e R B

FEBAEHBAG AR HEREVIMHE, WK
) DU R AR AR E ERAR 4R D
Z BRSO RS AR BE AL
VIFH IR R M TR R, e A
RUEFRE RHE T RELE TR CHENMERN
PAXO FI MSX1 £ H (1 A8 5 5 & H AN E B
Iz Rz PY L PAXO FERTE A LA & A A
PR A EEAEN, KA RE T B WS I sk
TS 2 FI R G U)o AR S AR R
PAX9 JE [ A 5 7 3 ook I 2] A% T R 2 S 1
(single nucleotide polymorphism, SNP) (¢.717C > C/
T, rs12881240) , SR 1M, rs12881240 f& — F 7] L %
50 R E SR O A,

HET MSX1 JE PR 28 45 11 #5353 i 3% 90k i B
FRE AT H Rk 5 A A A
— RIS Ao FE MSX 1 FE R 1 7 i - 1 HoAs: ) 1) 5%
TR 2 A1 (e.119C > G, 1536069701 ) . 3% Fh 4l X
RARFH A0 AL N AR N H 2R (A40G) o Sha-
hid 25 VS T LU S T A R R e 1] R
HRIFEIRTE 40 (LTRSS H 2 1R (A40G) , 57K
WFFE s B —%, b, Bonds 2 % B, 5 %f B 2H
I, Ak & B AR A4 A40G 28745 2 HE I HER
FE TR . SRIM, PolyPhen-2 Ay T 5 B
A40G FEARSFME T2 REM . XATfER il T
rhebE S R A T LA AR A M SRR X R 4
PRI SZ M 357N

R T HE 25 A W TR I T AR 5 2 B G I ) A
PRAS  ARBF R AT T &/ 70 . JeiE &k
AT A WNT6 JE R A9 9 5 - 3 e il 21— A7 1)
AR 5 (¢.637-7C > A, 1990065139 ) , i 3z Sanger
T, UESE SR SO LF 372 848 . WNT6
B DN 2 3 BE AR ST I WNT 25 I R I — B3, 75 A3
WG & E iR E CHER" . EFhLEIR®

H, WINT6 75 25 2 T B0 FE 2 0 T & 5 46 22
ER™, BT 2, WNT6 3 KA n] e fie kA
3L 20 M43k SR 1A AR T 240 IR 2 5 440 L, 9
T FEMEBFILE™ . s, WNT6 738 15 B
£ R 00 L 3 D TR A DGR E T . A
I, WNT6 JE R 1) 58 ek il ge 5 g LT
AW R AR EARA K A5G IR
P WNT6 5 H 542 5 4 k& 7 RAEK R TR
—i,

X 58K 1) Dy e T D0 & W, 3% 5 A8 A AT e
S AT R mRNA (985 ) . R L, ARBF 52 £ X WNT6
FEDN B R AB AT 1 .637-7 C > A K6 3 B A= R 58 7%
RUFORE, EAT T 356 20 i 10 366 PR 2 i 560 o 500
SEASXT BV DR IAR2 M o 455 7R 1990065139 ¥
A ST R mRNA (9 8511, 36 B 58 4% 0] R DL A
— b5 SR i Y {5 40 SNP-SNP AR BAEFH o %8
A5 B AT AE B AT BB X 05 & B R AN K (H 2 A
A7 S5 R 58 A8 A VT g 38 axb AR AR FH Bl B RN A5 52
Wi A5 R H . PAX9 FI MSX 1 3 K 78 fii 1fi & 7 3 72
W L[R]3k, B AT AT AR B S R 2R R A AR
b, T 5 1R R RS L. Butali %) & 81,
X KEAEMEH P, MSX1 (A40G) F1 PAX9
(112881240 ) Hr 1) 48 S 4 48 1 I 254t g, 5 AR BIF 5%
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FER, EATR O 1 F T e A B A Mg 5
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AWFSEARIE T 1 HFE R e RIS KB A%
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