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Abstract 

Cleidocranial dysplasia (CCD; OMIM 119600) is a rare autosomal dominant skeletal 

dysplasia caused by RUNX2 gene mutations. The present study described a sporadic 

case with CCD. Clinical data of the proband with CCD was reported and genetic 

analysis was performed. The proband presented with typical CCD features including 

supernumerary impacted teeth, bilateral clavicle dysplasia, delayed closure of cranial 

sutures, and short stature; while his hands are normal. Sequencing analysis of the 

entire coding region of the RUNX2 gene revealed no pathogenic changes; however, 

copy-number analysis with the Affymetrix HD array found a ~500kb genomic 

microdeletion. Real-time quantitative PCR validated this microdeletion in the 1-4 

exons of the RUNX2 gene. The junction point of the breaking DNA was located in the 

directly oriented AluSz6 and AluSx repetitive elements, indicating that this 

microdeletion might be generated via an Alu-Alu mediated mechanism. In addition, 

this microdeletion existed in 21.8% of the asymptomatic mother’peripheral blood 

cells, demonstrating that the mosaicism was not associated with CCD phenotypes. In 

summary, a pathogenic microdeletion in the RUNX2 gene located on chromosome 6 

was responsible for CCD.  
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Introduction 

Cleidocranial dysplasia (CCD; OMIM 119600) is a rare autosomal dominant 

skeletal dysplasia with an estimated incidence of 1: 1,000,000. It is characterized by 

delayed closure of cranial sutures, aplastic or hypoplastic clavicle formation, short 

stature, as well as dental anomalies including malocclusion, supernumerary teeth, and 

delayed eruption of permanent teeth (Mundlos et al. 1995; Mundlos et al. 1997; 

Mundlos 1999). Hand malformations (short middle phalanx of the fifth finger), 

increased head circumference, large fontanels, wide pubic symphysis and associated 

vertebral anomalies are also very common. The penetrance of CCD is complete, while 

the expressivity is variable (Otto et al. 2002; Ryoo et al. 2010). Both familial and 

sporadic CCD were reported (Singh et al. 2015) .  

CCD had been linked to chromosome 6p21 (Feldman et al. 1995; Mundlos et al. 

1995; Mundlos et al. 1997), where located Runt-related transcription factor 2 gene 

(RUNX2, OMIM #600211). The RUNX2 gene is also known as CBFA1, PEBP2aA, 

and AML3 (Levanon et al. 1994; Ducy et al. 1997; Otto et al. 1997). RUNX2 is a 

transcription factor belonging to the RUNT family and is essential for membranous as 

well as endochondral bone formation. Mouse heterozygous Cbfa1 knockout (Cbfa1 

+/-) leads to hypoplasia of the clavicles as well as widen suture and fontanelles, which 
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are very similar to human CCD; however, Cbfa1 null knockout (Cbfa1 -/-) causes 

complete lack of ossification (Otto et al. 1997; Mundlos 1999). Therefore, 

haplo-insufficiency or loss of function of RUNX2 may underline the pathogenetic 

mechanisms of CCD (Mundlos et al. 1997). 60-70% CCD patients were found to have 

RUNX2 heterozygous mutations, including missense, nonsense, splicing, and small 

insertions or deletions (The Human Gene Mutation Database, HGMD). Recently, 

copy number mutations (gross deletion or duplication) of the RUNX2 gene were 

reported in about 10% CCD patients (Ott et al. 2010; Hansen et al. 2011). However, 

no detectable mutations of RUNX2 were found in some CCD patients, indicating 

genetic heterogeneity or other potential regulatory mechanisms (Hansen et al. 2011). 

In this study, a patient with CCD and his asymptomatic parents were examined by 

RUNX2 gene sequencing. No point mutations were found in the coding regions of the 

gene. Subsequent copy number variaton (CNV) analysis by microarrays revealed a 

~500kb microdeletion in RUNX2 gene in this proband. 

 

Material and methods 

 

Research ethics statement 

This study was approved by the Research Ethics Committee of Soochow 

University and carried out in accordance with The Code of Ethics of the World 

Medical Association (Declaration of Helsinki) for experiments involving human 

subjects. Written informed consent was obtained from family members.  

 

Patients 

A male patient with typical skull, clavicle, and teeth dysplasia was investigated. 

Clinical data were collected for physical examinations, facial and dental photographs, 

X-rays (posterior-anterior cephalgram, lateral cephalometric, panoramic, chest 

and hand radiograph), and shoulder mobility tests. The diagnosis of CCD for this 

21-year-old male patient was based on typical clinical signs (namely skull, clavicle, 

and teeth dysplasia), physical and imaging examinations.  

Facial and dental photographs were used to analyze facial proportion, 

craniofacial characteristic and dental abnormalities. Panoramic radiograph was used 

to assess dental phenotypes including embedded supernumerary, impacted teeth, 

abnormality of tooth eruption, and deciduous tooth retention. Other radiographs were 

performed to determine craniofacial developmental abnormalities in skull, clavicle, 

maxilla, mandible, and others. 
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RUNX2 sequencing 

Peripheral blood samples from the family members were collected in 

VACUETTE® Blood Collection tube with EDTA as an anticoagulant. Genomic DNA 

was isolated by a QIAmp DNA Blood Mini Kit following the manufacturer 

instructions. All eight exons and flanking intronic sequences of RUNX2 

(NM_001024630.3) were amplified by polymerase chain reaction (PCR) using  

primers in supplemental Table 1. After initial denaturation at 95°C for 3 min, 35 

cycles of amplification were performed with 94℃ for 30 sec denaturation, 60-63°C 

for 30 sec annealing, 72°C for 45 sec extension, and a final extension of 72°C for 7 

min. The PCR products were sequenced by the Sanger method. DNA sequencing 

results were analyzed with the CHROMS software and compared with the February 

2009 human reference sequence (GRCh37/hg19). 

 

Copy Number mutation detection 

To evaluate copy number variation in the whole genome, we used Affymetrix® 

CytoScan™ HD Array, containing 750,000 single nucleotide polymorphisms probes 

and 1.9 million non-polymorphic copy number probes with a median spacing of 1.1 

kb. Affymetrix arrays were performed according to the manufacturer's directions. The 

data were analyzed with the Affymetrix Chromosome Analysis Suite software v2.0.  

 

Quantitative PCR analysis (q-PCR)  

To validate the microdeletions, we performed multiple q-PCR assays to 

determine the relative copy number (RCN) of the RUNX2 gene. We designed 

quantification primers in exon 2, 3, 4, 5, 6, and 9 of the RUNX2 gene (see 

supplemental Table 1). Q-PCR was performed in a total volume of 20 μl containing 

10 μl of SYBR Premix Ex Taq (TaKaRa), 5 μl of genomic DNA (~50 ng), 2 μl of 

primers (10 µM), and 3 μl of ddH2O. Each sample was run in triplicates. Reactions 

were run in a Bio-Rad icycler iQ with the following conditions: 95°C for 5 min and 

40 cycles of 95°C 5 s/62°C 15 s/72°C 15s. Data were normalized against internal 

controls on chromosome 21 (Hsa21-4) and calibrated with a control DNA. The 

relative expression was calculated with a 2-ΔΔCt method. A ~0.5-fold RCN was 

considered as deletion (Sun et al. 2008). 

 

Long-range PCR 

Long-range PCR (LR-PCR) primers 44904142F and 45403673R (see 

supplemental Table 1) were designed to amplify the break junction of this deletion. 

PCR reactions were run with the following conditions: 95°C for 3 min, 35 cycles of 

95°C 30 s/60°C 30 s/72°C 45s, and a final extension of 72°C for 7 min. PCR products 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_001024630&doptcmdl=GenBank&tool=genome.ucsc.edu
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were directly sequenced by the Sanger method and then analyzed with the CHROMS 

software . 

 

Maternal somatic mosaicism investigation 

Biological relationship between the patient and his parents was confirmed by 

using ten microsatellite markers (D2S2, D2S119, D2S1788, D2S2221, D5S2847, 

D7S1797, D7S2204, D12S297, D12S390, and D17S1299). Maternal Mosaic status 

was investigated with the genomic DNA from peripheral blood of the mother by 

q-PCR analysis. We employed quantification primers 44904142F and 45403507R 

(see supplemental Table 1) flanking the break point for q-PCR. The data were 

calibrated with the proband’s DNA. 

 

Results 

 

A sporadic patient in a Chinese family showed cleidocranial dysplasia 

phenotypes. 

A 21-year-old male patient was diagnosed with CCD without a family history of 

vertical or horizontal inheritance of the disease in this family. The patient was 

approximately 160 cm in height and 69 kg in body weight. With an unusual facial 

features, he had a depression in the middle of the forehead, underdevelopment of 

middle face, slight protrusion of chin, and typical dental abnormalities (Fig. 1A). His 

irregular forms of dentition displayed retained deciduous teeth (55, 54, 53, 52, 51, 61, 

62, 63, 64, 73, 74, 82, 83, 84), eruption of permanent teeth with occlusion (16, 17, 11, 

26, 27, 31, 32, 36, 37, 41, 46), permanently impacted teeth (18, 28, 38, 48), the 

supernumerary impacted teeth, and the rest of the permanent teeth with eruption 

failure due to these supernumerary impacted teeth. Severe malocclusion also appeared 

(Fig. 1A).  

Radiological examination revealed remarkable delayed ossification of cranial 

sutures and fontanelles, maxilla dysplasia, shortening of clavicles, and multiple dental 

anomalies (Fig. 1B). On the panoramic radiograph, supernumerary unerupted 

permanent teeth, normal or abnormal in shape, were irregularly impacted and 

scattered in the maxilla and mandible (Fig. 1B). These supernumerary teeth delayed 

the eruption of some permanent teeth especially in all permolar areas. Other 

abnormalities included slender, upward and posteriorly pointing coronoid process 

with parallel-sided ascending rami in mandibule, smaller maxillary sinus, paralleled 

coracoid and condyle, constriction of mandibular rami (McNamara et al. 1999).  

His shoulders were not brought closer to meet in the middle of the body, 

confirmed by the shoulder mobility test (Fig. S1). No hypermobility of the scapula 
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occurred. No other signs of mental retardation or physical disability were observed in 

the patient. Neither was brachydactyly or other hand malformation (Fig. S2). 

 

A ~500kb microdeletion spanning RUNX2 and SUPT3H was found in the patient 

with CCD  

Considering the diagnosis of CCD, we first screened all coding regions of the 

RUNX2 gene by direct sequencing. However, there was no pathogenic nucleotide 

change in the RUNX2 gene of the proband. Because about 10% CCD patients carry 

micro-deletion/duplication of RUNX2, we carried out a CNV analysis with the 

Affymetrix® CytoScan™ HD Array. The HD array results showed a ~500kb 

microdeletion encompassing the 5’ half of the RUNX2 gene and almost the entire 

SUPT3H gene (Fig. 2A).  

We further validated the deletion by q-PCR and detected a RCN of 0.5 for the 

corresponding q-PCR targets (exon 2, 3, and 4 of the RUNX2 gene) in the patient, 

providing an independent confirmation of this microdeletion (Fig. S3). Other exons of 

the RUNX2 gene (exon 5, 6, and 9) remained intact, based on the fact that the RCN 

value was nearly 1 (Fig. S3). Our results indicated that the exons 1-4 of RUNX2 were 

deleted in this patient with CCD. 

We amplified and sequenced the junction point of the deletion (Fig. 2B). 

Sequence analysis of the affected individual revealed that the junction point was from 

chr6:44904617 to chr6:45403373, with a deletion size up to 498kb (Fig. 2B). The 

proximal and distal breakpoints were located in the AluSz6 repeat (291bp, 

chr6:44904413-44904703) and the AluSx repeat (303bp, chr6:45403092-45403394) 

respectively. The alignment of these two Alu repetitive elements showed a high 

identity (up to 72%) as shown in Fig. S4. 

The junction point localized within the Alu elements and formed an Alu hybrid 

sequence. Three breaks were generated: the first proximal break point was within an 

eight base pair sequence (GCCAGGCT) from Chr6:449046010 to Chr6:44904617, 

which is microhomologous exactly to sequences from Chr6:45403301 to 

Chr6:45403308. After these eight base pair homologous sequences, the DNA from 

Chr6:45403309 to Chr6:45403356 (agtcttgaactcctgacctcaggcgatctgccctcctccacctcccaa) 

inserted; the second break point was at position Chr6:45403356 and connected back 

to the sequences from Chr6:44904637 to Chr6:44904681 

(caagtgatccacctgcctcggcctcccaatgtgctggaattacag); next to Chr6:44904681, the third 

break point started at Chr6:45403373 to the distal DNA sequences, while the 

sequence from Chr6:45403357 to Chr6:45403372 was missing (Fig. 2B). 

 

Maternal somatic mosaicism detection  
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Because the proband’s parents were phenotypically normal, we verified whether 

this deletion was a de novo mutation.  

LR-PCR amplification of the break junction using the mother’s peripheral-blood 

DNA as a template resulted in an identical-size band, but with a lower intensity. 

Direct sequencing of the amplified fragment showed the same deletion as in the 

proband. We ruled out the possibility of DNA contamination from the proband to the 

mother, by examining the microsatellite markers that are unique to the proband (Fig. 

S5). In addition, the biological relationship between the patient and his parents was 

confirmed by using ten microsatellite markers (data not shown). Take together, these 

results suggested that the mother of proband had somatic mosaicism (Fig. 3A).  

We performed real-time PCR to determine the mutant DNA fraction in the 

mother’s genome. The amplification curves of real-time PCR for the patient and his 

parents were shown in Fig. 3, with primers for the control (left) and the deletion 

(right). Similar amplification curves with the control primers were observed for all the 

three family members, also showing that the amount of DNA used for the further 

deletion qualification was equivalent (Fig. 3B left). By using the primers designed for 

the amplification of deletion, no amplification signal was found in his father’s sample; 

however a lower amplification curve was found in his mother’s sample compared 

with the proband (Fig. 3B right). The quantitative result showed that the mother 

carried about 21.8 % DNA deletion in genomic DNA from peripheral blood cells 

compared with the patient (Fig. 3C).    

 

Discussion 

 

RUNX2 mutation in CCD 

Previous studies have shown that RUNX2 is required for osteoblast 

differentiation. Even heterozygous loss of the RUNX2 gene function is sufficient to 

lead to CCD disorder (Mundlos et al. 1997). RUNX2 contains a N-terminal 

glutamine-alanine domain (Q/A domain), a RUNT domain, and a C-terminal 

pro-line/serine/threonine-rich (PST-rich) domain. The Q/A domain containing 29 

glutamine residues and 18 alanine residues, is responsible for the transcriptional 

activity of the RUNX2 protein. The RUNT domain is a 128-amino-acid motif that 

mediates DNA binding and protein heterodimerization (Thirunavukkarasu et al. 1998). 

As a transcriptional factor, the consensus RUNT binding site of RUNX2 is 

5’TGT/cGGT3’, located in the regulation regions of genes involved in developmental 

processes (Meyers et al. 1993). The PST domain is an acting site for regulating 

transcription activities (Yoshida et al. 2003). The majority of RUNX2 mutations in 

individuals with classic CCD affects the RUNT domain and most mutations are 

predicted to abolish DNA binding abilities.  
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In this study, direct sequencing analysis did not reveal pathogenic mutations in 

RUNX2; however, further CNV analysis identified a ~500 kb microdeletion, which 

covered exons 1-4 of the RUNX2 gene and most of the SUPT3H gene. Similar gross 

deletions of RUNX2 were detected in two CCD families that covered exons 1–5 of the 

RUNX2 gene and the SUPT3H gene (Hansen et al. 2011). As reported by Hansen et al, 

the deletions of the SUPT3H gene did not result in any further distinguished 

phenotypes other than CCD itself, suggesting that the SUPT3H gene was probably not 

involved in craniofacial development. Our findings that the partial deletion of the 

SUPT3H gene did not lead to other phenotypes in addition to the ones present in CCD 

phenotype supported Hansen’s discoveries. In our study, the deletion caused the loss 

of exons 1-4 of the RUNX2 gene and resulted in the deletion of the QA domain and 

the N-terminal of the RUNT domain. Although the PST domain remained intact, the 

disruption of the RUNT domain is sufficient to result in abnormal binding and 

loss-of-function of the RUNX2 gene, and is responsible for the CCD phenotype in this 

family.  

 

The deletion might be generated through an Alu–Alu mediated mechanism  

We identified a novel deletion in a patient with CCD and the junction was 

clarified by DNA sequencing. Interestingly, the breakpoints were located on two Alu 

repetitive elements, AluSz6 and AluSx. The sequence alignment analysis indicated 

that two Alu repetitive elements had a high sequence identity, up to 72%.  

Alu repetitive elements, usually about 300 bp in length, comprise nearly 10% of 

the human genome. The average sequence homology between two Alu elements is 

around 71%. The sequence homology is the basic structure for unequal crossover 

between genomic segments, generating Alu–Alu-mediated copy-number variants 

(CNVs), in which deletions are more common than duplications (Gu et al. 2015). In 

our study, the breakpoint junction was localized to an Alu pair with a chimeric Alu 

hybrid. Upon careful inspection of three breakpoints, we found that the proximal 

sequence from Chr6:44904610 to Chr6:44904681 (Fig 2B; in blue) were mixed with 

the distal sequence from Chr6:45403301 to Chr6:45403373 (Fig 2B; in red). This 

recombination generated a new 100bp Alu hybrid structure in the junction 

(Chr6:45403308-Chr6:45403356 and Chr6:44904637-Chr6:44904681). Based on the 

homology present between the proximal and distal breakpoints, we speculated that the 

two Alu recombined and switched accordingly, resulting in the deletion. 

 

The deletion was not de novo, but transmitted from the patient’s mosaic mother 

We found an unexpected weak amplification band with the mother by long-range 

PCR across the junction, which only occurs when there is the deletion. The result led 

us to speculate a maternal mosaicism for the deletion. We performed a real-time PCR 

and the results showed that the asymptomatic mother carrier had about 21.8 % mutant 
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allele fraction in the DNA derived from peripheral leukocytes. The result indicated 

the deletion in the patient was not de novo, rather an inheritance from his mosaic 

mother.   

Mosaicism is the outcome of mitotic errors and defined as the presence of 

different cell populations with distinct genotypes within one individual (Campbell et 

al. 2014). Mosaic mutations in germ cells need to be excluded when the de novo 

mutation is considered, especially in the sporadic case with healthy parents. 

Peripheral-blood cells are one of the most convenient samples that could be obtained 

from the individual for mosaic study, however it might not represent the germline 

mosaicism condition. This case showed about 21.8 % of the same deletion mutation in  

the blood of the asymptomatic mother, strongly suggesting that maternal germline 

mosaicism condition, although we could not really know the percentage of the 

mutation in her germline.  

Heterozygous loss of RUNX2 is sufficient to cause CCD, while gain-of-function 

mutations such as complete duplication of RUNX2 resulted in CCD opposite 

phenotypes like craniosynostosis and oligodontia (Mefford et al. 2010; Greives et al. 

2013; Molin et al. 2015). A decrease to 70% of wild-type RUNX2 levels results in 

CCD, whereas levels of wild-type RUNX2 higher than 79% produce a normal 

skeleton (Lou et al. 2009). Ott CE et al. reported that a mildly CCD affected father 

was a mosaicism that carried about 15 percentage for the deletion of exons 3 to 6 of 

RUNX2 (Ott et al. 2010). In this study, the mother carried about 78.2% normal 

peripheral leukocytes and about 21.8 % peripheral leukocytes with RUNX2 deletion. 

The low level (21.8%) of mosaic DNA deletion was not associated with CCD 

phenotype, which is consistent with previous report (Lou et al. 2009).  

In summary, this study identified a novel ~500kb deletion in RUNX2 in a 

Chinese patient with characteristic features of CCD and the mutation was inherited 

from the asymptomatic mother who showed a lower level of mosaicism. 21.8% 

mosaicism in the proband’s mother was not associated with CCD phenotype. Parental 

mosaicism analyses need to be included in future RUNX2 mutation analyses in 

sporadic patients with CCD. 
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Figure 1. Clinical phenotypes of a 21-year-old male patient with CDD.  

A: Photographs of the proband showed that deciduous teeth and permanent teeth were 

mixed in his dentition with malocclusion. He had depression in the middle of the 

forehead and underdevelopment of middle face. B: Radiologic examination of the 

proband showed delayed closure of cranial sutures, bilateral hypoplastic clavicles and 

maxillary hypoplasia; Panoramic radiograph showed that retained deciduous teeth, 

permanent teeth with or without eruption failure and supernumerary impacted teeth 

co-existed in the jawbones.  

 

 

 

 

Figure 2. The deletion disrupting RUNX2 identified.  

A: Affymetrix® CytoScan™ HD Array plot was presented at the top of the figure and 

positions of the RefSeq genes of RUNX2 and SUPT3H were shown. B: Breakpoint 

junctions of the deletion were shown in details: The first proximal breakpoint was 

within eight base pair sequence (GCCAGGCT) from Chr6:449046010 to 

Chr6:44904617, which was microhomologous exactly to sequences from 

Chr6:45403301 to Chr6:45403308; The second breakpoint was between 

Chr6:45403356 and Chr6:44904637; The third breakpoint was between 

Chr6:44904681 and Chr6:45403373. The proximal sequences were indicated in blue, 

while the distal sequences were indicated in red. Sequence chromatogram showed the 

sequencing results for the three breaks within the junction respectively. 
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Figure 3. Low-level of maternal somatic mosaicism was identified. 

A: LR-PCR analysis of genomic DNA from available family members. The familial 

deletion-specific amplicon segregated with the patient phenotype and was also visible 

from maternal peripheral-blood DNA. Lane1: Mother; Lane2: Patient; Lane3: Father; 

Lane4: H2O. B: Amplification curve for q-PCR: The similar amplification was found 

with the control primers (left); By the breakpoint primers, no amplification signal was 

found in the father, however a lower amplification curve was found in the mother as 

compared with the patient (right). C: q-PCR analysis of blood samples from the 

proband, mother, and father revealed mutations in ~20% of maternal nucleated blood 

cells as compared to the affected which was considered as 100% mutation carrier.  
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Supplement data 

 

Table 1 Primers sequences information  

Primer Name Sequence 

RUX2F2 GAGTACTGTGAGGTCACAAACCAC 

RUX2R2 GCAACAAGATAGCATAATTAGGATC 

RUX2F3 CAGACTCTGTTGGCCCATCAGAC  

RUX2R3 GCAGGAGGTCTTGGAGGACGTC 

RUX2F4 GTGGACCCTGAAACATTGGTC  

RUX2R4 CAGAAGTTGATCCTCCAACTGTTC 

RUX2F5 GGACGATGATCTTGACTCTAAGC  

RUX2R5 CTTAGTGATTGTGTGGCAAAGG 

RUX2F6 GAATGCTGGCCACCAGATAC  

RUX2R6 GCTGCAGAGTAGAGCATTAGTAG 

RUX2F7 CTGAGTTTTGGGTTGCATGTTTC  

RUX2R7 GCAGAGGAAATCCTGGCATAATAC 

RUX2F8 CTGTCAGTTTTGGTTCTTCATC  

RUX2R8 TGCACACTGCTTATAATCTTCAC 

RUX2F9 AAGGATCAATGCTGTTAAGACTGC  

RUX2R9 TATGGCTGCAAGATCATGACTG 

Runxq2F TGTGAGGTCACAAACCACATGA 

Runxq2R TGCTGTCCTCCTGGAGAAAGTT 

Runxq3F GTTTGAGGCTGGTCGTAGACAC  

Runxq3R AAGTTGTGGTCGAGAGGATGAA  

Runxq4F GGTCTGTTTGAAGTGGCATCAC 
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Runxq4R AAAACAGGAAACACAGCAGCAA 

Runxq5F TCGGAGGGTTTCCAATTTAG 

Runxq5R TGGGGAGGATTTGTGAAGAC 

Runxq6F CAGTGATTTAGGGCGCATTC 

Runxq6R CCAGCGTCTATGCAAGTGAA 

Runxq9F CAGACCAGCAGCACTCCATATC 

Runxq9R ATCAGCGTCAACACCATCATTC 

Hsa21-4F CAATTCAGGTCAGGTGATAACTCAGTAA 

Hsa21-4R GCCAGGTTTAGAATGTTTGTCTAAGTC 

44904142F GAGTGGTAAAGTTAGGGCTTTTAGG 

45403673R CCAGAAACTTGAATAGGAAGCC 

45403507R TGGCTGTGTTTCAGAGTCAGTT 

 

 

 

 

 

Fig. S1 Shoulder mobility test confirmed that the proband’s shoulders were not 

brought closer to meet in the middle of the body. 
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Fig. S2  X-ray photos showed no brachydactyly or other hand malformation was 

found in the proband of CCD 

 

 

Fig. S3 The deletion validation by q-PCR demonstated that RCN was 0.5 for exon 2, 

3, and 4 of RUNX2 gene and RCN was 1.0 for exon 5, 6, and 9 of RUNX2 gene. 
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Fig. S4 Alignment showed a high sequence identity up to 72% between two Alu 

repetitive elements. 

    .  



 

18 

 

 

Fig. S5 Selected microsatellite markers indicated maternal mosaicism was not caused 

by DNA contamination. We did not find any of the proband’s paternal microsatellite 

markers mixed with the mother’s (A); The positive control was generated by mixing 

10% proband’s sample with 90% his mother’s sample (B) . 

 

 

 

 

 


