NOTE: Please save this file locally before filling in the table, DO NOT work on the file within your internet browser as changes will not be saved. Adobe
Acrobat Reader (available free here) is recommended for completion.

The ARRIVE Essential 10

ARIVE The ARRIVE guidelines 2.0: author checklist

These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers
cannot assess the reliability of the findings.

Section/line
Item Recommendation number, or reason
for not reporting

Study design 1 For each experiment, provide brief details of study design including: Group (AT Inermated) and sxpermenta

groups (Metrnl-KO, Ocn-Cre;Metrnl-fi/fl,

a. The groups being compared, including control groups. If no control group has o e reiMetm mice) vere
been used, the rationale should be stated.

Section 2.13 (Animal Models):b. A single

b. The experimental unit (e.g. a single animal, litter, or cage of animals). i e ved 2 he experimenta

Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the | S an oo oo

total number in each experiment. Also indicate the total number of animals used. e CT an istomorphomelry

b. Explain how the sample size was decided. Provide details of any a priori sample Section 243 (Animal Models)b. Sample
size calculation, if done. Sies anctstatistca powes anapeie

Inclusion and 3 a. Describe any criteria used for including and excluding animals (or experimental e e e mes

exclusion units) during the experiment, and data points during the analysis. Specify if these | B aim meewin s

criteria criteria were established a priori. If no criteria were set, state this explicitly. iectons of o expermental premature

b. No animals or data points were
. - - - a excluded from the final statistical

b. For each experimental group, report any animals, experimental units or data points | anaysis.
not included in the analysis and explain why. If there were no exclusions, state so.

c. The exact value of n = 6 is reported
- a a in the legends of Figs. 1, 2,3, 4, and 7.

c. For each analysis, report the exact value of nin each experimental group.

Randomisation 4  a. State whether randomisation was used to allocate experimental units to control wero alocaied 1 xperimenta groups

and treatment groups. If done, provide the method used to generate the based on their natural genotypes
. i verified by PCR tail-snip cascading.
randomisation sequence.

b. Describe the strategy used to minimise potential confounders such as the order b. Potenialconfounders e 4. cage lovtion,
of treatments and measurements, or animal/cage location. If confounders were minimized by balancing itermates across
not controlled, state this explicitly. randorized sequence.

Blinding 5 Describe who was aware of the group allocation at the different stages of the Aoslyssynvesigaiore poorming miat-CT
experiment (during the allocation, the conduct of the experiment, the outcome Heamoramers auanicaton, and
assessment, and the data analysis). e genatpos and aroup alocaons ofthe

mice using double-blinded sample coding

Outcome 6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular Markers, | st rot e met

measures or behavioural changes). o bounemon markers (SINPY BLET),

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the B O e ev).
outcome measure that was used to determine the sample size. which determined the core sample size.

Statistical 7 a. Provide details of the statistical methods used for each analysis, including e e e o™

methods software used. Sotinare San Disgo, CA, USA). Toaled

Student's t-test was used for two-aroun

b. Describe any methods used to assess whether the data met the assumptions of b. ata normalty and bomogereiy o
the statistical approach, and what was done if the assumptions were not met. Shapito Wik testand roun Forsythe est

Experimental 8 a. Provide species-appropriate details of the animals used, including species, strain | feion 213 (nimaltodeisa vouse

animals and substrain, sex, age or developmental stage, and, if relevant, weight. 206 or 24 monthe ofage. . e eske !

b. Provide furthfar rele\{qnt information on the provenance of a.nimals, health/immune Dabon e e i tyoes
status, genetic modification status, genotype, and any previous procedures. oxectiastspedte (oan-crey and

Experimental 9  For each experimental group, including controls, describe the procedures in enough | e e o & e e o tred

procedures detail to allow others to replicate them, including: Wicto LT I vh cabsemiereine. |

. b. Dynamic bone labeling injections were
a. What was done, how it was done and what was used. administered 10 days and 3 days before
b. When and how often. . Conducted n the SPF Animal Center
ugier %cén{?gne"g‘ 2 ET.%‘MNLCWCL 22
. a n a a 0 a +201,50% +10% humidity).
c. Where (including detail of any acclimatisation periods).
d. Performed to evaluate bone

d. Why (provide rationale for procedures). T e e e o aes:

circadian axis in vivo.

Results 10 For each experiment conducted, including independent replications, report: A b Sy

a. Summary/descriptive statistics for each experimental group, with a measure of
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.

quantitative data are reported as mean +
Standard Deviation (SD), with exact
statistical values provided in the text (e.g.,
BV/TV: 4.11 + 0.08% vs. 3.89 + 0.12%, P <

b. Relative fold-changes, percentage
differences in trabecular parameters, and
exact exact P-values are comprehensively
reported for each figure panel.
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	Study design - 1a: Section 2.13 (Animal Models):a. Control groups (WT littermates) and experimental groups (Metrnl-KO, Ocn-Cre;Metrnl-fl/fl, and Prx1-Cre;Metrnl-fl/fl mice) were compared.
	Study design - 1b: Section 2.13 (Animal Models):b. A single animal was used as the experimental unit.
	Sample size - 2a: Abstract & Section 2.13/ Figure Legends:a. Exact sample size is n = 6 per group for each micro-CT and histomorphometry analysis.
	Sample size - 2b: Section 2.13 (Animal Models):b. Sample size was determined based on effect sizes from our previous bone metabolism pilot studies and statistical power analysis.
	Inclusion and exclusion criteria - 3a: Section 2.13 (Animal Models):a. Inclusion criteria: healthy mice with verified genotypes at specified ages (8-week or aged). Exclusion criteria: mice with severe infections or non-experimental premature death.
	Inclusion and exclusion criteria - 3b: b. No animals or data points were excluded from the final statistical analysis.
	Inclusion and exclusion criteria - 3c: c. The exact value of n = 6 is reported in the legends of Figs. 1, 2, 3, 4, and 7.
	Randomisation - 4a: Section 2.13 (Animal Models):a. Mice were allocated to experimental groups based on their natural genotypes verified by PCR tail-snip cascading.
	Randomisation - 4b: b. Potential confounders (e.g., cage location, order of micro-CT measurements) were minimized by balancing littermates across cages and processing samples in a randomized sequence.
	Blinding - 5: Section 2.20 & Section 2.21 (Statistical Analysis):Investigators performing micro-CT stereological measurements, bone histomorphometric quantification, and subsequent data analysis were blinded to the genotypes and group allocations of the mice using double-blinded sample coding.
	Outcome measures - 6a: Section 2.4, 2.5 & Results:a. Outcomed measures include trabecular bone mass (BV/TV), bone formation rate (BFR/BS), serum biochemical markers (P1NP, β-CTX), and target gene expression profiles.
	Outcome measures - 6b: b. The primary outcome measure was trabecular bone volume fraction (BV/TV), which determined the core sample size.
	Statistical methods - 7a: Section 2.20 / 2.21 (Statistical Analysis):a. Statistical analysis was performed using GraphPad Prism (version 8.0.2, GraphPad Software, San Diego, CA, USA). Two-tailed Student’s t-test was used for two-group comparisons, and one-way ANOVA followed by Tukey's post-hoc test for multiple groups.
	Statistical methods - 7b: b. Data normality and homogeneity of variance were verified using the Shapiro-Wilk test and Brown-Forsythe test prior to parametric testing.
	Experimental animals - 8a: Section 2.13 (Animal Models):a. Mouse (Mus musculus), C57BL/6J background, both male and female, used at 8 weeks of age or 24 months of age.
	Experimental animals - 8b: b. Mice were housed in a specific pathogen-free (SPF) facility. Genotypes included systemic Metrnl knockout, osteoblast-specific (Ocn-Cre), and osteoprogenitor-specific (Prx1-Cre) conditional knockout strains.
	Experimental procedures - 9a: Section 2.13, 2.14 & 2.15 Animal Models and Interventions):a. Bone tissue was fixed in 4% paraformaldehyde and scanned via Micro-CT. In vivo calcein/tetracycline labeling was performed via intraperitoneal injection.
	Experimental procedures - 9b: b. Dynamic bone labeling injections were administered 10 days and 3 days before euthanasia.
	Experimental procedures - 9c: c. Conducted in the SPF Animal Center under a controlled 12 h light/dark cycle (22 ±2℃,50% ±10% humidity).
	Experimental procedures - 9d: d. Performed to evaluate bone microarchitecture, bone formation dynamics, and the Metrnl-Rack1-PKCα-Bmal1-Cry2 circadian axis in vivo.
	Results - 10a: Results Section & Figure Legends:a. All quantitative data are reported as mean ± Standard Deviation (SD), with exact statistical values provided in the text (e.g., BV/TV: 4.11 ± 0.08% vs. 3.89 ± 0.12%, P < 0.01).
	Results - 10b: b. Relative fold-changes, percentage differences in trabecular parameters, and exact exact P-values are comprehensively reported for each figure panel.


