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Sample size

lilab.research.bcm.edu/cpat) and ReViGo (http://revigo.irb.hr) analyses were run using the web interface.

GWAS analysis was performed using MAGMA (v1.06, https://ctg.cncr.nl/software/magma), LDSC-SEG (v1.1, https://github.com/bulik/ldsc).

R Project for Statistical Computing (>v3.4.0, http://www.r-project.org; RRID:SCR_001905) was used for analyses unless otherwise stated in the
methods.

R-packages: biomaRt (v2.34.2), oligo (v1.42.0), affycoretools (v1.50.6), affy (v1.56.0), ggplot2 (v2.2.1), tispec (v0.99.0, https://rdrr.io/github/
roonysgalbi/tispec), WGCNA (v1.60), ClusterProfiler (v3.4.4), DOSE (v3.2.0), gplots (v3.0.1), mclust (v5.3), limma (v3.32.7), mixtools (v1.1.0),
Pathview (v1.16.5), clues (v0.5.9), Gvis (v1.22.3), ggbio (v1.26.1)

Custom code used to define gene activity, gene expression enrichment in osteocytes and the osteocyte transcriptome signature are available
in a public Github repository accessible at https://github.com/scottyoulten/osteocyte_signature

The raw RNA-sequencing data (fastq), read alignment files (BAM) and processed gene expression data files for each cohort (FPKM and counts) are deposited at
ArrayExpress (https://www.ebi.ac.uk/arrayexpress) under the following accession numbers: Bone comparison cohort (E-MTAB-5532, https://www.ebi.ac.uk/
arrayexpress/experiments/E-MTAB-5532), Skeletal maturation cohort (E-MTAB-7447 , https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-7447) and
Osteocyte enrichment cohort (E-MTAB-5533, https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-5533). There are no restrictions on data availability.

Various publicly available data resources were used in this study: To compare the osteocyte transcriptome to that of other tissues, publicly available sequencing
read data was obtained (ArrayExpress accession E-GEOD-54652, https://www.ebi.ac.uk/arrayexpress/experiments/E-GEOD-54652). To determine whether the
Magenta Cluster identified genes associated with perilacunar- remodeling, their expression was examined during lactation using a publicly available microarray
dataset (ArrayExpress accession E-GEOD-23496, https://www.ebi.ac.uk/arrayexpress/experiments/E-GEOD-23496). To compare expression of osteocyte
transcriptome signature genes in osteocyte with other bone-cell types we used a publicly available microarray dataset which profiled gene expression in laser
capture micro-dissected osteoblasts, bone-lining cells and osteocytes (GEO accession GSE71306, https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE71306).
To examine the expression of osteocyte transcriptome signature genes during osteocyte differentiation, we analyzed publicly available transcriptome sequencing
data from an in vitro model of osteoblast-like cell to osteocyte differentiation (ArrayExpress accession E-GEOD-54783, https://www.ebi.ac.uk/arrayexpress/
experiments/E-GEOD-54783). Human genotype and phenotype data on which the results of this study were based were accessed from the UK Biobank (http://
www.ukbiobank.ac.uk/) with accession ID 53641.

For transcriptome experiments, power analysis was conducted using the Scotty webtool (http://scotty.genetics.utah.edu/). Pilot RNA
sequencing data was used to assess the amount of biological variance. Analysis indicated 5 biological replicates sequenced to a depth of 20
million reads was sufficient to detect ~80% of genes with 2-fold change in expression at p<0.05. All experiments match or exceed these
specification, either in replicate number, sequencing depth, or both.

For phenotype data associated with transcriptome sequencing studies, sample size was limited to concordant samples taken from
contralateral limbs of those used for RNAseq. For the bone comparison study n=8, for skeletal maturation study n=5. For TRAP staining in
osteocyte enriched or marrow containing bone samples an n=4 was chosen as pilot studies had shown an absence of cells lining bone in
osteocyte enriched samples.

For skeletal phenotyping of knockout mice in the OBCD pipeline the reference ranges for each skeletal parameter were derived from 320
female 16 week old C57BL/6NTac wild-type mice. Using these data together with coefficients of variation for each test, power calculations
indicate an 80% power to detect outlier phenotype of greater or equal to 2SD with a sample size of n=2. The exact number of biological
replicates examined for each knockout mice line is listed in Supplementary Data 8.

GWAS data from the UK biobank were selected based on stringent quality control criteria to select 362,924 participants. Participants were
selected if they had high-quality quantitative heel ultrasound data and if they were of a White British genetic ethnicity. These sample sizes
represent the largest sample size to-date for any musculoskeletal trait.
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Data exclusions

Replication

Randomization

Blinding
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Population characteristics

No data was excluded from transcriptome sequencing studies. Similarly in mouse knockout studies, data for all mice were included, including
those with and without skeletal phenotypes.

Experiments were conducted using multiple independent biological replicates as outlines in the 'Sample size' section. Individual experiments
were not replicated directly. Where available, orthogonal, independently produced datasets were used to validate experimental findings.

Samples used in transcriptome sequencing were specifically bred for the purposes of this study. Samples collected for transcriptome
sequencing in each of the Bone Comparison or Osteocyte Enrichment mouse cohorts were all collected in a single batch. To generate samples
for the Skeletal Maturation cohort, breeding was stratified so all samples (representing multiple ages) could be collected within a single 36-
hour time period. Samples were collected in groups of 8 mice (one from each time point, in each sex) to avoid confounding batch effects. For
rapid throughput phenotyping of knockout mouse lines, samples were anonymized and randomly assigned to batches for analysis.

For transcriptome experiments data collection was stratified by sample type to avoid batch effects and thus blinding was not possible. For
transcriptome analysis sample type was used as a variable of interest so blinding was not possible. Morphological analysis of samples collected
from the contralateral limb of those taken for transcriptome analysis was performed in a blinded manner.

For phenotypic analysis, all data collection and analysis was performed in a blinded manner.

Bone Comparison cohort: 16-week-old male C57BL6/NTac mice; Skeletal maturation cohort: 4, 10, 16 and 26-week-old female and
male C57BL6/NTac mice; Osteocyte Enrichment cohort: 10-week-old male C57BL6/NTac mice.

Novel-gene knockout mice lines were produced by CRISPR/Cas9 gene targeting in C57BL/6J mouse embryos. Phenotyping was
performed in 16-week-old male and female mice.

Animal holding areas were maintained within a constant temperature range of 21-22 degrees Celsius and 60-65% humidity to avoid
animal stress and to minimise experiment variability. Lighting in animal rooms ensured 12 hours' light and 12 hours' darkness with a
dawn / dusk simulation.

Knockout mouse lines screened in the OBCD phenotyping pipeline were produced on a background of C57BL6/NTac mice, with
phenotyping experiments conducted on 16-week-old female mice.

The study did not involve wild animals.

The study did not involve animals from the field.

Animal experiments associated with the Bone Comparison, Skeletal Maturation and Osteocyte Enrichment cohorts were approved by
the The Garvan/St Vincent’s Animal Ethics Committee (Protocol ID 16/01 and 12/44).

Generation of novel-gene knockout mice was approved by the Garvan/St Vincent’s Animal Ethics Committee (Protocol ID 18/36).

The OBCD mouse studies were undertaken by Wellcome Trust Sanger Institute Mouse Genetics Project (MGP) as part of the IMPC.
This was licensed by the UK Home Office (PPLs 80/2485 and P77453634) in accordance with the 1986 Animals (Scientific Procedures)
Act and approved by the Wellcome Sanger Institute’s Animal Welfare and Ethical Review Body.

Genetic associations with bone mineral density (eBMD) in the human population were analysed using the UK Biobank
Resource (accession ID: 53641). Analyses of eBMD were performed on a sample of 362,924 unrelated white British subjects
(54% female) from the UK Biobank Study (UKBB) that had valid quantitative eBMD and high-quality genome-wide HRC and
1000G/UK10K imputed data from the January 2018 release. Analyses of individuals with OA were performed on published,




