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ASSP (http://wangcomputing.com/assp/), HSF (http://www.umd.be/HSF/), and MaxEntScan (http://genes.mit.edu/burgelab/maxent/Xmaxentscan_scoreseq.html).
Homozygosity mapping was performed by HomozygosityMapper (http://www.homozygositymapper.org/). The mouse RNA-seq data have been deposited in NCBI
GEO with the accession code “GSE161193 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE161193]”. Source data underlying Figs. 2c, 2f, 3c, 3e, 3g, 3i, 3k,
3m, 4b, 4c, 4d, 4e, 5a, 5c-f, 5h-j, 5l, and Supplementary Figs. 2, 6, 8b, 9a-b, 11b, 12e, 13, 14, 16c, 16d-f are provided as a Source Data file. The patients’ genome
data obtained by whole-exome sequencing are not publicly available because study participants did not give full consent for releasing data publicly. These data can
be accessed under the condition that a joint research plan is made by the researchers and approved by the ethics committees. All the other data supporting the
findings of this study are included within the article or the supplementary information.

Specific samples sizes are indicated in figure legends. In animal study, the sample size was estimated based on our prior experience of
performing similar sets of experiments (Takimoto et al. Development 2015 142: 787-796). In molecular biology experiments, n>=3 was chosen
because it is sufficient to conduct statistical tests to generate p-values to determine if results are significant.

No data were excluded.

Human DNA samples were sequenced using whole-exome sequencing once, and the mutation was confirmed using Sanger sequencing in
three independent experiments. All the attempts at replication were successful. The RNA-seq for mouse calvaria was performed once. In
molecular biology experiments, we independently repeated the experiments at least twice, and all attempts to reproduce the results were
successful.

Randomization was not performed. The mice were selected based on the genotype we needed. Sample randomization is not applicable for
cell culture experiments where batches of homogeneous cultures can be tested in parallel.

Blinding was performed for micro-CT analysis. For other experiments, the investigators were not blinded to group allocation during data
collection and/or analysis.

Anti-Smad1 (WB, 1:1,000 dilution, #9743, Cell signaling technology), anti-phospho-Smad1/5/9 (WB, 1:1,000 dilution, #13820, Cell
signaling technology), anti-!-actin-HRP (WB, 1:10,000 dilution, PM053-7, MBL, Japan), anti-Lamin A (WB, 1:1,000 dilution, ab226198,
Abcam), anti-!-tubulin (WB, 1:1,000 dilution, H-235, Santa Cruz), anti-rabbit IgG–peroxidase (WB, 1:20,000 dilution, A0545, Sigma-
Aldrich), and S-protein HRP conjugate (WB, 1:5,000 dilution, 69047, Novagen). Anti-S-tag dylight 488 (ICC, 1:500 dilution, ab117509,
Abcam), anti-phospho-Smad1/5/9 antibody (ICC, 1:100 dilution, #13820, Cell signaling technology), anti-lamin A (ICC, 1:1,000
dilution, #86846, Cell signaling technology), anti-rabbit IgG-fluor 546 (ICC, 1:250 dilution, A11035, Invitrogen), and anti-mouse IgG-
fluor 546 (ICC, 1:500 dilution, A11030, Invitrogen).

All antibodies are well-validated by the manufacturer and are widely used in the scientific community. The validation information is
available by: https://en.cellsignal.jp/products/primary-antibodies/smad1-antibody/9743; https://en.cellsignal.jp/products/primary-
antibodies/phospho-smad1-ser463-465-smad5-ser463-465-smad9-ser465-467-d5b10-rabbit-mab/13820; https://ruo.mbl.co.jp/bio/
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Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals
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Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

dtl/A/?pcd=PM053-7; https://www.abcam.com/lamin-a-antibody-ab226198.html; https://www.scbt.com/p/beta-tubulin-antibody-
h-235; https://www.sigmaaldrich.com/catalog/product/sigma/a0545?lang=en&region=US; https://us.vwr.com/assetsvc/asset/
en_US/id/10908454/contents; https://www.abcam.com/dylight-488-s-tag-antibody-ab117509.html; https://en.cellsignal.jp/
products/primary-antibodies/phospho-smad1-ser463-465-smad5-ser463-465-smad9-ser465-467-d5b10-rabbit-mab/13820; https://
www.cellsignal.com/products/primary-antibodies/lamin-a-133a2-mouse-mab/86846; https://www.thermofisher.com/antibody/
product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11035; https://www.thermofisher.com/
antibody/product/Goat-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11030.

MG-63, MC3T3-E1 , ATDC5 and Hela cells were obtained from RIKEN BioResource Research Center. TMEM53 knock-out Hela
cell lines were generated on the basis of wild type Hela cells by genome editing, which causes a large deletion covering exon
3. The information about the TMEM53 knock-out Hela cells is shown in Supplementary Fig. 12.

Cell lines were not authenticated.

All cell lines were tested negative for mycoplasma contamination.

No commonly misidentified cell lines were used

Tmem53 mutant mice were generated and kept in the B6N background. Mice from E16.5 to P113 (E16.5, P1, P2, P3, P4, P7, P24, P93,
P113) were used for the study. The age and sex were specified in the figure legends. The mice were housed at a standard 12-h
light/12-h dark cycle. The ambient temperatures is 21-25°C with 40-60% humidity.

This study did not involve wild anima

This study did not involve samples collected from the field.

All animal experimental protocols were approved by the Animal Experiments Committee of the RIKEN Center for Integrative Medical
Sciences and conformed to institutional guidelines for the study of vertebrates. All animal experiments were carried out in
accordance with the in-house guidelines for the care and use of laboratory animals of the RIKEN, Yokohama Institute, Japan.

All five patients and their family members were Indians from different geographic areas. The age, gender, genotypic
information, diagnosis and treatment were specified in the section of Methods/Patient. Specifically, the patient A-V-1 is a 19-
year-old man. His past and current diagnosis is unknown sclerosing bone disorderand and impaired vision. Right frontal
orbitotomy was done for deterioration of vision. The patient A-V-2 is a 12-year-old girl. Her past and current diagnosis is
unknown sclerosing bone disorder and impaired vision. No specific treatment was performed. The patient B-III-18 is a 8-year-
old girl. Her past and current diagnosis is unknown sclerosing bone disorder and impaired vision. No specific treatment was
performed. The patient C-II-1 is a 15-year-old boy. His past and current diagnosis is unknown sclerosing bone disorder and
impaired vision. No specific treatment was performed. The patient D-III-4 is a 17-year-old man. His past and current diagnosis
is unknown sclerosing bone disorder, impaired vision, syndactyly of the left third and fourth fingers. No specific treatment
was performed.

The patients with an extraordinary sclerosing bone disorder (SBD) were found in routine clinical practice and were initially
evaluated by experienced human geneticists and clinicians ( K.M.G., S.L.B., K.G.), independently. Then, the clinical phenotypes
were sent to two experts in human skeletal dysplasias (G.N. and S.I.) via Japan Skeletal Dysplasia Consortium (http://
www2.riken.jp/lab/OA-team/JSDC/) for a detailed evaluation. These independent clinical analyses identified four unrelated
Indian families affected by the same unknown type of SBD. We therefore consider that there is no clinical selection bias in
our study.

The study was approved by the ethical committee of RIKEN and participating institutions.




