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Antibodies
Antibodies used

The RNA-sequencing and ATAC-sequencing data discussed in this publication have been deposited in NCBI’s Gene Expression Omnibus and are accessible through
GEO SuperSeries accession number GSE207342 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE207342). Source data are provided with this paper.

Sample sizes were predetermined based on effect size, standard deviation, and significance level required to attain statistical significance of

p<0.05 with a 90% probability on the basis of previous experiments using similar methodologies and were deemed sufficient to account for

any biological/technical variability (PMIDs: 31161155, 30078553, 28844881, 24439384). For experiments without predetermination, sample
sizes were chosen on the basis of prior experience and published standards in the field (see PMIDs above). Sample sizes are indicated for each
experiment in the manuscript.

No data were excluded

All attempts of replication were successful. Sample sizes for each experiment are reported in the figure legends. Western blots represent
independent biological samples.

For in vivo studies, mice in each genotype were randomly assigned to treatment groups. For respirometry experiments, samples were
processed in random order across multiple oxygen electrodes. For metabolic cage experiments, mice of different genotypes were housed in
alternate cages and equally distributed among thermal cabinets to avoid any systematic bias of external environment.

Experimenters were not blinded to experimental conditions, because data collection on indirect calorimetry, respirometry, RNA-sequencing,
ATAC-sequencing and RT-qPCR is automated and confers high objectivity.

VCL (Cell Signaling; cat. no. 13901; clone E1E9V): diluted at 1:5,000

CKB (Abclonal; cat. no. ab12631): diluted at 1:1,000

UCP1 (Abcam; cat. no. ab10983): diluted at 1:2,000

TNAP 549 (R&D; cat. no. AF2910): diluted at 1:200
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ERRa (Abcam; cat. no. ab76228): diluted at 1:1,000

GFP (Abclonal; cat. no. ab290; 550): diluted at 1:1,000

HA-Tag (Cell Signaling; cat. no. C29F4): diluted at 1:1,000

Anti-rabbit (Promega; cat. no. W401B): diluted at 1:10,000 (v/v) in TBS-T containing 5% milk

Anti-mouse (Promega; cat. no. W402B): diluted at 1:10,000 (v/v) in TBS-T containing 5% milk

Anti-goat (Promega; cat. no. V805A): diluted at 1:10,000 (v/v) in TBS-T containing 5% milk

All antibodies are commercial in origin. Validation statements can be found on the manufacturer's website for the following:

VCL (Cell Signaling; Cat. No. 13901; clone E1E9V): https://www.cellsignal.com/products/primary-antibodies/vinculin-e1e9v-xp-rabbit-
mab/13901

CKB (Abclonal; Cat. No. ab1263): https://abclonal.com/catalog-antibodies/CKBPolyclonalAntibody/A12631

UCP1 (Abcam; Cat. No. ab10983): https://www.abcam.com/ucp1-antibody-ab10983.html

TNAP 549 (R&D; cat. no. AF2910): https://www.rndsystems.com/products/mouse-alkaline-phosphatase-alpl-antibody_af2910

ERRa (Abcam; cat. no. ab76228): https://www.abcam.com/estrogen-related-receptor-alpha-antibody-epr46y-ab76228.html

GFP (Abclonal; cat. no. ab290): https://www.abcam.com/gfp-antibody-ab290.html

HA-Tag (Cell Signaling; cat. no. C29F4): https://www.cellsignal.com/products/primary-antibodies/ha-tag-c29f4-rabbit-mab/3724

Immortalized brown adipocytes generated in-house

Immortalized brown adipocytes were authenticated based on morphology following exposure to an adipogenic cocktail. This
indicated that the cells differentiated into lipid-laden fat cells.

Cell lines were not tested for mycoplasma.

No commonly misidentified cells were used in this study.

Mouse experiments were performed according to procedures approved by the Animal Resource Centre at McGill University and
complied with guidelines set by the Canadian Council of Animal Care. The photoperiod was fixed at a 12-h light/ 12-h dark schedule
(light 0700 to 1900) with lights on at 0700 hours being defined as Zeitbeger time 0 (ZT0). Mice had ad libitum access to drinking
water and a low fat diet (3.1 kcal/g energy density) with 24%, 16%, and 60% of Calories from protein, fat, and carbohydrate,
respectively (2920X, Envigo, Madison, WI, USA). All mice were born and housed in groups (3-5 mice per cage) at 22ºC ±2ºC at
30-40% humidity with bedding and shredded paper strips in the cage until experimental intervention (6-9 weeks of age). Suitable
housing temperature of mice to optimally mimic human physiology is disputed. We followed the suggestion that when provided with
bedding and nesting materials standard room temperature (22-24ºC) is appropriate46. For cold exposure experiments, mice were
singly housed in cages with bedding and shredded paper strips and with ad libitum access to drinking water and a low fat diet. Mouse
experiments used age-matched littermates and were conducted at the temperature indicated in each figure legend. Mice were killed
by cervical dislocation and tissues were immediately flash-frozen in liquid nitrogen and store at -80C until further analysis. Wild-type
C57BL/6N mice were purchased from Charles River (strain code: 027). Ckbfl/fl mice were previously described2. Ucp1CreERT2
mice47 were bred to Ppargc1afl/fl mice to generate experimental groups (Ppargc1afl/fl and Ppargc1aUcp1CreERT2). Inducible BAT-
specific overexpression of Gpr3 (I-3BO) and control animals have been previously described12. AdipoqCre mice (B6;FVB-Tg(AdipoQ-
Cre)1Evdr/J), stock 028020), maintained on a C57BL/6J background, were bred to (Ckbfl/fl)2, (Ebf1/2fl/fl)16, and (Esrra/gfl/fl)17,48,49
mice to generate experimental groups (Ebf1/2fl/fl and Ebf1/2AdipoqCre)16 (Esrra/gfl/fl and Esrra/gAdipoqCre) (Ckbfl/fl and
CkbAdipoqCre). LSL-hM3Dq-DREADD mice (B6N;129-Tg(CAG-CHRM3*,-mCitrine)1Ute/J), stock 026220) were bred to AdipoqCre mice
to generate mice that conditionally express a HA-tagged modified muscarinic receptor (HA-hM3Dq) selectively in adipocytes
(hM3DqAdipoqCre). hM3DqAdipoqCre mice were crossed with Ckbfl/fl mice to generate hM3DqAdipoqCre:Ckb+/+,
hM3DqAdipoqCre:Ckbfl/+ or hM3DqAdipoqCre:Ckbfl/fl mice. Sex of mice used for experiments is noted in the Figure legends an in
the source data.

The study did not involve wild animals.

The study did not involve samples collected from the field.

Animal experiments were performed according to procedures approved by the Animal Resource Centre at McGill University and
complied with guidelines set by the Canadian Council of Animal Care.

First cohort – Joslin Diabetes Center adipose tissue cohort: Details on procedures of human subject adipose tissue biopsy
collection have been described previously59,60. Briefly, ten paired human neck fat samples were obtained from superficial




