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[Abstract] Objective To screen and analyze mutations in two families with non-syndromic tooth agenesis, provid-
ing a theoretical basis for the diagnosis and treatment of tooth agenesis. Methods This study was reviewed and ap-
proved by the Medical Ethics Committee, and informed consent was obtained from patients. Information and blood sam-

ples from two core families with non-syndromic congenital tooth agenesis were collected, along with blood samples from
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100 normal controls. Pathogenic gene mutations were explored through whole exome sequencing and Sanger sequencing.
The pathogenicity of the identified mutations was analyzed using prediction software Polyphen-2, CADD, and FAMMTH.
The impact of the mutations on protein stability was predicted using Mupro, DUET, and I-Mutant software. Conservation
analysis and protein 2D/3D structure analysis were used to predict the impact of mutations on protein function. The im-
pact of the mutant proteins on subcellular localization was predicted using Deeploc 2.1 software. Results We identi-
fied two novel mutations in the muscle segment homeobox 1 (MSX1) gene: ¢.547C>A (p.Gln183Lys) and ¢.854T>C
(p-Val285Ala) in the two families. Polyphen-2, CADD, and FATHMM predicted these mutations to be pathogenic, and
ACMG classified these mutations as likely pathogenic. Conservation analysis showed that the two mutation sites (Gln183
and Val285) are located in highly conserved regions during evolution. Protein stability predictions indicated that these
mutations influence protein stability. Protein 2D structure analysis indicated that these two mutations affect the 2D
structure of the protein. 3D structure analysis showed that these two mutations can cause changes in the 3D structure.
Software predictions indicated that these mutations do not affect the subcellular localization of the protein. Conclusion
This study is the first to report two novel mutations in the MSX1 gene (c.547C>A and c.854T>C) associated with tooth
agenesis, providing a basis for clinical diagnosis and treatment of congenital tooth loss.
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1 MSX1 R (c.547C > Al .854 T > C) i1 Hy BER Wiy Tt i)
Table 1 ~ Functional impact prediction of MSX1 mutations (¢.547C > A and ¢.854 T > C)

Nucleotide change Protein change Exon Variation type PolyPhen-2 CADD Fammth  gnomAD, dbSNP ACMG classification
¢.547C > A p-GIn183Lys 2 Missense  Probably damaging Likely deleterious DAMAGING Not found Likely pathogenic
¢854 T>C p-Val285Ala 2 Missense  Probably damaging Likely deleterious DAMAGING Not found Likely pathogenic

Online prediction software Polyphen-2 (http://genetics.bwh. Harvard.edu/pph2/), CADD (http://cadd.gs.washington.edu/), and Fammth (http://fathmm.bio-
compute.org.uk) were used to predict the impact of mutations on protein function. All non-synonymous single nucleotide variations and insertions/dele-
tions were screened using databases including single nucleotide polymorphism database (dbSNP, https://www.nchi.nlm.nih.gov/snp/) and genome aggrega-
tion database (gnomAD, http://gnomad.broinstitute.org). ACMG: The American College of Medical Genetics and Genomics. MSXI: muscle segment hom-
box 1
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Val285 7E#Efb i A v i BE AR ST (1 3) o $Em X 24> T H 24 4 A4S T R R TR ﬁmfﬂlﬁ%&

AR X 2 T ) B AT RE A R (F62), R IX 24 5828 Xof 8 11 R e M i A R
p.QI83K p. V285A

o

1 172 234 303

0o p-QI8K p. V2854
H.sapiens KTNRKFPRTPFTT Ql ERKFRQ YGAS QR (VI YTAH
Ptroglodytes KTNRKFRTFPFTT IQ' ERKFRQ YGAS QR i | YTAH
M.mulatta 'KTNRKPRTPFTTAQh ERKFRQ YGASGPFQR vt YTAH
C.lupus KTNRKPRTPFTT ,Q‘ ERKFRQ YGASGPFQR ! YTAH
B.taurus KTNRKPRT TT|Q ERKFRQ YGAS OR I : YTAH
M.musculus KTNRKFPRTFPFTT |Q ERKFRQ YSrs QR | { YTAH
R.norvegicus KTNRKFRTFPFTT IQ' ERKFRQ YSAS QR 1 { YTAH
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D.rerio KTNRKFPRTFPFTTSQi ERKFRQ YGTSNPFQR e YTAH
X tropicalis KTNRKPRTPFST :Ql ERKFRQ YSACGSH FHRHS »1 B YT-H

The protein sequences of MSX1 from different species were obtained from the NCBI database (https://www.ncbi.nlm.nih.gov/). Multiple sequence
comparisons were performed using Molecular Evolutionary Genetics Analysis software. ClustalW2 software was used to analyze the conservation
during the evolution of mutation sites. a: schematic diagram of the wild-type human MSX1 protein and the distribution of the two mutations iden-
tified in this study; b: conservation analysis of the affected amino acids in MSX1 protein. MSXI: muscle segment hombox 1; Q183K: GIn183Lys;
V285A: Val285Ala
Figure 3 Location and conservation analyses of MSX 1 mutation (p.GIn183Lys and p.Val285Ala)
B3 MSX1 % 5 28748 (p.Gln183Lys Al p.Val285Ala ) 1Y {7 B Al {4 1 11 40 #r

F2 MSXIZE %A (p.Gln183Lys Fl p.Val285Ala ) X & [ 5 Kt 5 4 5% i F5U 0]
Table 2 Prediction of the impact of MSX1 protein mutations (p.GIn183Lys and p.Val285Ala) on protein stability

DUET predicted stability mCSM predicted stability SDM predicted stability

Mutation Mupro (AAG) I-Mutant (AAG)
change (AAG) change (AAG) change (AAG)
GInl83Lys  —1.171 037 9 kcal/mol 0.183 kcal/mol —0.088 kcal/mol -0.41 kecal/mol —-0.61 kcal/mol
(Decreased stability) (Stabilizing) (Destabilizing) (Destabilizing) (Decreased stability)
Val285Ala  -0.899 2306 8 kcal/mol -0.075 kcal/mol -0.405 kcal/mol 0.05 kcal/mol -2.9 kcal/mol
(Decreased stability) (Destabilizing) (Destabilizing) (Stabilizing) (Decreased stability)

Mupro (http://mupro.proteomics.ics.uci.edu/), I-Mutant (https:/folding.biofold.org/i-mutant/i-mutant2.0.html), and DUET (https://biosig.lab.uq.edu.au/duet/
stability) were used to predict protein stability. The prediction results from DUET include the mCSM method and SDM method. MSXI: muscle segment

hombox 1
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The two-dimensional structures of wild-type and mutant MSX1 proteins were predicted and compared using the online software PsiPred 4.0
(http://bioinf.cs.ucl.ac.uk/psipred). a: predicted two-dimensional structure of the wild-type MSX1 protein; b: predicted two-dimensional struc-
ture of the MSX1 protein with the p.GIn183Lys mutation; c: predicted two-dimensional structure of the MSX1 protein with the p.Val285Ala
mutation. MSXI: muscle segment hombox 1

Figure 4 Two-dimensional structure predictions of MSX1 protein mutations (p.GIn183Lys and p.Val285Ala)

B4 MSX1 8 H 5 AL (p.GIln183Lys il p.Val285Ala) — 4 2% #4) T
183G 183Lys
¥ p ¥

e

285Val=> 285Ala=»>

The AlphaFold protein structure database (https://alphafold. ebi. ac.uk/) was used to predict the three - dimensional structure of MSX1 (NP_
002439.2) protein. PyMol v2.1 software was used to analyze the three-dimensional structural changes of MSX1 protein caused by mutations. a:
three - dimensional structure of wild-type MSX1 protein; b: structure of 183GIn in MSXI; c: structure of 183Lys in WNT10A; d: structure of
285Val in MSX1; e: structure of 285Ala in MSX 1. MSXI: muscle segment hombox 1
Figure 5 Three-dimensional structural analysis of two MSX1 protein mutations (p.GIn183Lys and p.Val285Ala)
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