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Supplementary Information Text

SI Materials and Methods

Animal phenotyping

Mice were weighted every week, underwent several in vivo procedures (see below and figure S2A and S3C)
and were sacrificed at ZT12 (ZTO corresponds to the time when the light is switched on).

6-weeks old mice from the Bmall-Lep line and 12-, 15-, 18-weeks old HFD or CD fed Bmall KO and WT
mice underwent body weight, size measurements and body fat content analysis using the Nuclear Magnetic
Resonance technology with an EchoMRI™-700 analyzer at ZT 3. For each animal, the body mass index was
calculated as the body weight (kg) divided by the square of the size (m).

10-weeks old mice from the Bmall-Lep mice line and 12-, 15-, 18-weeks old HFD or CD fed Bmall KO and
WT mice underwent glycemia measurements (Breeze2 system, Bayer) after 15 hours fasting (ZT3) and after
6 hours refeeding (ZT9).

11-weeks old mice from the Bmall-Lep line, 13-, 16-, 19-weeks old HFD or CD fed Bmall KO and WT mice,
and 9 weeks Bmall HepKO mice underwent glucose tolerance tests at ZT3 after 15 hours fasting. Glycemia
measurements (Breeze2 system, Bayer) were performed 0, 15, 30, 60, 90, 120 and 180 minutes after the intra-
peritoneal injection of glucose (1g/kg).

12-weeks mice from the Bmall-Lep line, 14-, 17-, 20-weeks HFD or CD fed Bmall KO and WT mice, and 10
weeks Bmall HepKO mice underwent insulin tolerance tests at ZT3. Glycemia measurements (Breeze2
system, Bayer) were performed 0, 15, 30, 60, 90, 120 and 180 minutes after the intra-peritoneal injection of

insulin in both Bmall-Lep and Bmall mice lines (1 IU/kg and 0.5 TU/kg, respectively).

Histology
Liver and WAT pieces were fixed overnight in 10% formalin solution. Pieces were then washed three times
in PBS solution. Liver slices underwent standard hematoxylin/eosin coloration and/or DAPI staining. For Oil-

Red O staining, cryosections of liver were incubated in Oil-Red O solution followed by hematoxylin solution.

Serum chemistry analysis

Blood samples were collected, and sera were obtained after a centrifugation at 10 000 rpm for 10 min at room
temperature. Sera were kept at -80°C until further analysis. Insulin, triglycerides, leptin, free testosterone and
17B-estradiol were measured accordingly to the protocols of the Mouse Insulin ELISA kit (Mercodia), the
Triglycerides LabAssay kit (Wako), the Mouse Leptin ELISA kit (CrystalChem), the Testosterone ELISA kit
(Enzo) and the Mouse/Rat Estradiol ELISA kit (Calbiotech), respectively.



Glycogen concentration

The liver glycogen extractions have been previously described (1). Briefly, frozen tissues were incubated 20
minutes at 100°C in 30% KOH solution. Ethanol 95% solution was added and a 20-minute centrifugation at
840g at 4°C allowed the precipitation of glycogen in a pellet. The glycogen was then diluted in water. After
adding a 5% phenol solution and then 95-98% sulphuric acid, glycogen concentration was measured at the

optic density 490 nm.

Liver lipids extraction and liver TAG measurements

Liver lipids were extracted as previously described (2). Briefly, frozen liver tissues were homogenized in an
30% alcoholic KOH solution at 60°C for 5 hours. After precipitation with 1M MgCl2 followed by a 30 min
centrifugation at 14000 rpm, triglycerides content was measured using the Triglycerides LabAssay kit (Wako).

Lipid extraction and analysis

Approximately 10 mg of pulverized liver tissue was homogenized in 1 ml of 150 mM ammonium bicarbonate
buffer using Tissue Lyser at a speed of 25 Hz for 2.5 min. Supernatant was removed into new glass tube on
ice. 100 pl of the homogenate was collected and further diluted with 80 pl of 150 mM ammonium bicarbonate
buffer using Hamilton Robot and 810 ul of MTBE /Methanol (7/2 v/v) containing internal standard was added
to this mixture. The internal standard mixture contained: LPG 17:1, LPA 17:0, PC 17:0/17:0, PS 17:0/17:0,
PG 17:0/17:0, PA 17:0/17:0, LPI 13:0, LPS 13:0, Chol D6, DAG 17:0/17:0, TAG 17:0/17:0/17:0, Cer
18:1;2/17:0, SM 18:1;2/12:0, LPC 12:0, LPE 17:1, PE 17:0/17:0, CE 20:0, PI 16:0/16:0. Solution was mixed
at 700 rpm, 15 min at 4°C using a ThermoMixer C and then centrifugated at 3000 RCF for 5 min. 100 pl of
the organic phase was transferred to a 96-well plate, dried in a speed vacuum concentrator. Lipid extract was
reconstituted in 40 pl of 7.5 mM ammonium acetate in chloroform/methanol/propanol (1:2:4, V/V/V). All
liquid handling steps were performed using Hamilton STAR robotic platform.

For MS data acquisition, samples were analyzed by direct infusion in a QExactive mass spectrometer (Thermo
Fisher Scientific) equipped with a TriVersa NanoMate ion source (Advion Biosciences). Samples were
acquired in both polarity modes in a single acquisition at Rm/z=200=140000. All data was analyzed with in-
house developed lipid identification software based on LipidXplorer. Abundance of lipids was normalized by
tissue weight. The statistical analysis followed a two-step procedure. Only for lipids that have been measured
in 50% or more samples in each genotype, a linear model was fitted and applied to the normalized log2-
transformed lipid levels. We used the anova() function to compare a full model (with the explanatory variable
genotype) and reduced model with only an intercept to identify lipids that are significantly different across

genotypes. Subsequently, we contrast all possible combination of genotypes within the linear model. Finally,



P-values were corrected for multiple testing using stageR (3) with the ANOV A result used during the screening

stage, while P-values of the individual contrasts were used in the confirmation stage.

Realtime QPCR

0.5 pg of liver RNA was reverse transcribed using random hexamers and SuperScript II reverse transcriptase
(Life Technologies). The cDNAs equivalent to 20 ng of RNA were PCR amplified in a LightCycler 480 II
(Roche) using the TagMan technology. In each independent experiment, Cidec gene expression

(Mm00617672_m1, Thermo Fisher Scientific) is normalized by Gapdh mRNA (Mm 99999915 g1).

RNA-sequencing and analysis

RNA was quantified with Ribogreen (Life Technologies) and quality assessed on a Fragment Analyzer
(Advances Analytical). Sequencing libraries were prepared from 250 ng total RNA using the TruSeq Stranded
RNA Sample Prep Kit v2 (Illumina) with the Ribo-Zero Gold depletion set. The procedure was automated on
a Sciclone NGS Workstation (Perkin Elmer). We followed the manufacturer’s protocol except for the PCR
amplification step. The latter was run for 12 cycles with the KAPA HiFi HotStart ReadyMix (Kapa
BioSystems). The optimal PCR cycle number has been evaluated using the Cycler Correction Factor method
as previously described (4). Purified libraries were quantified with Picogreen (Life Technologies) and the size
pattern was controlled with the DNA High Sensitivity Reagent kit on a LabChip GX (Perkin Elmer). Libraries
were then pooled by 18 and each pool was clustered at a concentration of 10 pmol on 4 lanes of two High
Output (8-lane) v3 flow cell (Illumina). Paired-end sequencing was performed for 2 x 100 cycles on a HiSeq
2500. RNA-Seq data for human liver biopsies of patients with obesity or a range of clinicopathologic
conditions including steatohepatitis with or without mild inflammation (NAFLD) or a necroinflammatory
subtype, NASH, and patients with chronic hepatitis C with varying stages of fibrosis (fibrosis stages 0-4) were
retrieved from GEO (GSE126848) (5) and ENA (PRJEB27201) (6), repectively. RNA-Seq data from Bmall
WT and Bmall KO mice collected across the course of a day were retrieved from GEO (GSE73554) (7). The
data for male and female C57BL/6 mice has been downloaded from accession number GSE114400 (8) at
GEO.

We used STAR 2.4.01 (9) to map reads onto the Ensembl Mus musculus (GRCm38/mm10) or Homo sapiens
(GRCh38/hg38) genome and to quantify the number of reads per gene. The differential gene expression
analysis for the four mouse genotypes (i.e., WT-WT, KO-WT, WT-Ob, KO-Ob) was performed using a two-
step procedure. Firstly, we used a global likelihood ratio test (LRT) within the DESeq2 framework (10) to
assess genes that are differential expressed between any genotype. Secondly, we contrast all possible
combination of genotypes. P-values were corrected using stageR (3) using the result of the LRT in the

screening stage and and the P-values of the individual contrasts in the confirmation stage. The three tissues
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(i.e., muscle, eWAT and liver) were analysed separately. As the liver samples from Bmall WT, Bmall KO,
Bmall HepWT, and Bmall HepKO data have been sampled around the course of a day, we used dryR (11) to
assess the mean differences between the conditions.

We employed DESeq2 for differential gene expression analysis in the human datasets (10). To determine
genes that are differentially expressed in humans with increasing stage of fibrosis (stages 0-4; dataset 2), we
alsoused a LRT. Age, sex, and time of biopsy was included in our statistical model as covariates (Dataset S1).
As the information of timing was not available for human liver biopsies of subjects with varying severity of
NAFLD (dataset 1) and the study design was not sex balanced, we included only male subjects into the analysis
and age as covariate statistical model. To determine female-biased and male-biased genes in human liver, we
contrasted male and female subjects showing no signs of fibrosis (stage 0) using dataset 2. As most female
subjects showed low or no signs of liver fibrosis in dataset 2, we restricted the analysis of sexual dimorphism
to male subjects only (Fig. 6). In this case the statistical model included age, and time of biopsy as covariates.

Multiple testing was corrected by the Benjamini-Hochberg procedure for the mouse and human data (12).

Functional and Gene Set-Enrichment Analysis

For the mouse RNA-seq datasets, we tested enrichment for annotated gene sets from Gene Ontology (GO)
(13) and focused on biological processes. We used GOseq 3.1 (14) to calculate overrepresentation of gene sets
for genes assigned to a statistical model (Dataset S4 and S6). Only GO terms with a significant enrichment p-

value < (.01 are presented in the Datasets.

Transcription factor activity analysis

To predict transcription factor binding sites in human promoters of differentially expressed genes, we
employed MotEvo (15) and scanned = 500 bp around the annotated transcription start site (TSS) of a gene.
TSS definition were retrieved from (16) and weight matrices were downloaded from Swiss regulon (17).
Target genes for AR, ESR1, and MYODI1 in mouse have been identified using published ChIP-Seq (Table
S1). We mapped reads on the Ensembl M. musculus genome (GRCm38/mm10) using STAR-2.7.3a (9). Peaks
were called using macs/2-2.1.1 (18) and peak annotation was performed with ChIPseeker 3.10 with a distance
from TSS of + 5 kb (19) using the genome annotation of Ensembl release 98 (20). Female and male STATS
targets were taken from (21). Female and male biased genes in mouse liver were identified in (22). To predict
activities (Z-score activity) of transcription factors and male and female biased genes in the human and mouse
datasets, we applied ISMARA, a tool that is based on a penalized regression model which uses an L2 penalty

(23).



Table S1. ChIP-Seq data used for the analysis of transcription factor activity

RESOURCES

SOURCE

IDENTIFIER

Raw data; ChIP-seq AR (epididymis)

GEO
(http://www.ncbi.nlm.nih.gov/geo/)

GEO: GSE121151 (24)

Raw data; ChIP-seq ESR1 (female liver)

GEO
(http://www .ncbi.nlm.nih.gov/geo/)

GEO: GSE49993 (25)

Raw data; ChIP-seq ESR1 (uterus)

GEO
(http://www .ncbi.nlm.nih.gov/geo/)

GEO: GSE125972 (26)

Raw data; ChIP-seq MYODI1 (C2Cl12
myoblasts)

GEO
(http://www .ncbi.nlm.nih.gov/geo/)

GEO: GSE49313 (27)
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Figure S1: Regulation of BMALT1 activity in obesity and liver diseases in humans

A, B. Expression of BMALI and its heterodimerization partners (A) and genes related to inflammation or
fibrosis (B) in the liver of humans with normal weight, obesity or liver diseases. n > 9 subjects per condition.
C, D. Expression of BMALI and its heterodimerization partners (C) and genes related to inflammation or
fibrosis (D) in the liver of humans at different stages of fibrosis. n > 12 subjects per stage.

E. Predicted activity of BMALI in the liver of individuals at different stage of fibrosis.

Color code represents the time of liver biopsy.

P-values were determined with a generalized linear model (for details see Material and Methods).
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Figure S2: Bmall KO mice under HFD exhibit an early obese phenotype but no sign of prediabetes

A. Schematic of the experimental protocol used for Bmall KO and their WT littermates under control (CD)
and high fat (HFD) diet. 8 weeks old mice underwent glycemia measurement after 15 hours of fasting and
after 6 hours of refeeding. Then, the mice were placed under CD or HFD for 12 weeks. During this period,
glycemia, glucose and insulin tolerances were assayed every 3 weeks according to the schedule.

B. Glycemia of Bmall KO and WT mice under regular chow diet after 15 hours of fasting (ZT3) and after 6
hours of refeeding (ZT9). n = 8-17 mice per condition.

C. Evolution of blood glucose concentration after 15 hours of fasting (ZT3, left) and after 6 hours of refeeding
(ZT9, right) during the experiment with CD or HFD. The differences in blood glucose were compared to
fasting values. n = 7-19 mice per condition and week.

D. Area under the curve related to the glucose tolerance tests (Fig 2F) performed on 13, 16, and 19 weeks-old
mice at ZT3 after 15 hours of fasting. n = 6-17 mice per condition and week.

E. Temporal glycogen concentration in Bmall KO and WT mice liver under CD. The Zeitgeber Time (ZT) is
defined as followed: ZTO lights on; ZT12: lights off. n = 3 per time point and genotype.

F. Area under the curve related to the insulin tolerance tests (Fig 2G) performed on 14, 17, and 20 weeks-old
mice at ZT3. n = 4-14 mice per condition and week.

G. Circulating insulin concentration in Bmall KO and WT under CD and HFD conditions at ZT12. n = 5-12
mice per condition.

H. Liver (left) and eWAT (right) weight from Bmall KO and WT mice under CD or HFD at ZT12. n = 5-15
mice per condition.

I. Representative liver sections stained with hematoxylin and eosin from Bmall KO and WT mice under CD
or HFD at ZT12. The scale bar corresponds to 50 pum.

Statistical tests included linear models (C, D, and F; see details in methods), two-way ANOVA (H followed
by a Holm-Sidak multiple comparison test (B, and H), and dryR (E). Means with different letters significantly
differ (P <0.05; C, D, and F).
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Figure S3: Consequences of Bmall deletion in the absence of leptin

A. Distribution of the mice born per genotype compared to the expected mendelian proportions. The cohort
consisted of a total of n = 504 mice.

B. Survival curve for BmallIVV"VT-LepVTWVT Bmal1XO%O_LepW VT and Bmal1¥°%O-Lep®” " littermates. n =
32-33 mice per genotype.

C. Schematic of the experimental protocol used for the Bmall-Lep mice line. Analyses of the body
composition by EchoMRI were performed on 6 weeks old mice. The mice underwent glycemia measurements
after 15 hours of fasting and after 6 hours of refeeding (week 10), glucose and insulin tolerances were assayed
at the age of 11 and 12 weeks, respectively. The organs were harvested and weighted on 13 weeks old mice at
ZT12.

D. Glycemia of the animals of the four genotypes after 15 hours of fasting (ZT3). n = 5-15 mice per genotype
E. Circulating insulin concentration in the animals of the four genotypes at ZT12. n = 5-6 mice per genotype.
F. Liver (left) and eWAT (right) weight from animals of the four genotypes at ZT12. n = 7-10 mice per
genotype

G. Representative liver sections stained with oil red O from animals of the four genotypes. The scale bar
corresponds to 50 pm.

H. Representative eWAT sections stained with hematoxylin and eosin from animals of the four genotypes.
The scale bar corresponds to 100 pum.

P-values were determined by a two-way ANOVA (D-F) followed by a Holm-Sidak multiple comparison test
if interaction term was significant (P < 0.05). P-values below 0.05 are provided indicated.

12



CE Cho

LM Lewyg  OM iewg LMW Llewg O Llewg

iddddyg ITITTT T

£

353 24292248228

mum@@7 aorodeT

.CE

o O _
MPD-D.

. Chol

e )
eRERR
(o]

ol e

[
tN N oo
<
®
]

a

FEE 0000000000000 0000

~o9

. TAG

(S

Lep"mwT

NN (N N B NS 2z1s

d 9'8€'0d
d 2'9€°0d

OX Liewg

1M Lewg

OX jiewg

1M Lewg

100
75
50
25+

11] (%) uonisodwod JeAr

OM tewd
1M Liewg
OM Lewg
1M Liewd

aoa0dd7

amd®d7

0

Lepoblob

Pl

DAG

300+
200+
100+

Cer
A
-

T
0 o el
N

100

JBA]| Bwi/Ayisusyu)

T
o
o
©
-~

T
o
o
©

Jan)| Bw/Ayisusyu)

1200+

<

c

:
]

T
o
o
<

TAG

30004
2000
1000
% e A

900+
600 -

T
o
o
N

JaA]] BuyAysuayul

100 4

OM tiewg

1M Liewd

OM tiewg

1M Lrewd

OM Lewdg

1M Liewg

OM Liewg

1M Liewg

OM Liewg

1M Liewg

OM Liewg

1M Liewg

LepOb/Ob

LepWtwT

LepOblOb

Lep"mwT

L e pOb/ Ob

Lep"mwT

13



Figure S4: BMALI1 controls of lipid metabolism and storage

A. Overview of all models that are fitted in case the data consists of four conditions. Same color indicates
shared mean levels between indicated conditions.

B. Global liver lipids relative composition analyzed by lipidomics in each group of mice liver at ZT12. Values
represent average of n = 5-6 mice per genotype. TAG: triacylglycerides, Chol: cholesterol, CE: cholesteryl
esters, PI: phosphatidylinositols, PG: phosphatidylglycerols, PC: phosphatidylcholines, PA: phosphatidic acid,
DAG: diacylglycerides, Cer: ceramides.

C. Heatmap of specific lipid species (PA, PC, PG, PI, CE, and Chol) abundance in liver of individual mice.
D. Accumulation of family liver of lipid species at ZT12. n = 4-6 mice per genotype.

14



Cellular response to tumor necrosis factor
Fatty acid metabolic process

Regulation of fatty acid oxidation
Monocarboxylic acid metabolic process
Regulation of chemotaxis

Circadian regulation of gene expression
Circadian rhythm

Hexose metabolic process

Rhythmic process

Activation of innate immune response
Regulation of carbohydrate metabolic process
Regulation of circadian rhythm

Mitochondrial respiratory complex assembly
Mitochondrial ATP synthesis electron transport
Regulation of collagen biosynthesis

Oxidative phosphorylation

Purine ribonucleoside metabolic process
NADH dehydrogenase complex assembly
Positive regulation of WNT pathway
Regulation of protein catabolic process
Circadian regulation of gene expression
Cofactor biosynthetic process
Hormone-mediated signaling pathway
Entrainment of circadian clock by photoperiod

Acetyl-coA metabolic process

Ribose phosphate metabolic process
Purine nucleoside biosynthetic process
Oxaloacetate metabolic process
Regulation of innate immune response
Circadian rhythm

Rhythmic process

Circadian regulation of gene expression
Fatty acid metabolic process
Regulation of circadian rhythm
Regulation of hormone secretion
Carbohydrate homeostasis

Figure S5: Most overrepresented biological processes impacted by the deletion of Bmall and leptin

Liver m6+10

Monocyte chemotaxis

mé Fatty acid transport
m10 Peroxisome organization
mé Chemokine-mediated signaling pathway
m10 Morph is of an epithelial sheet
mé orphogenesis of an epithelial shee
mé Chondroqyle developm:_ent
m10 Tissue remodeling
mé6 Extracellular structure organization
m10 Prostaglandin metabolic process
m10 Cofactor metaholic process
m10 | : : ‘ | Response to wounding
0 1 2 3 4
-log10(p-value)
Muscle m6+10
m10 Mitochondrion organization
m10 Extracellular structure organization
mé Cellular response to amino acid stimulus
m10 Regulation of inflammatory response
m10 Alpha-amino acid metabolic process
m10 Paositive regulation of cytokine production
mé Positive regulation of lipid localisation
mé Cellular amino acid metabolic process
mé Negative regulation of endopeptidase activity
m10 Negative regulation of wound healing
m6 Wound healing
mé | | ‘ Cellular response to estradiol stimulus
0 2 4 6
-log10(p-value)
eWAT m6+10
mé Cargo loading into COPIl-coated vesicle
mé Inflammatory response
mé Regulation of interleukin-1 secretion
mé Actin filament-based process
mé Regulation of protein secretion
m10 Cysteine endopeptidase in apoptotic process
m10 Regulation actin cytoskeleton reorganization
m10 ER to golgi vesicle-mediated transport
mé Regulation mitochondrial membrane potential
m10 Phagocytosis
m10 Regulation of mononuclear cell migration
m10 Small molecule metabolic process
I T T T 1
0 5 10 15 20
-log10(p-value)

deficiency in the liver, muscle, and eWAT

Representative biological processes associated with differential expressed genes between WT and Bmall KO
mice irrespective of their leptin status (models 6 and 10, left) or differentially expressed specifically in WT-
Ob mice (models 4 and 14, right) in the liver (top panels), skeletal muscle (middle panels), or eWAT (bottom
panels). Only biological processes with number of genes lower than 500 are represented to exclude

mé4
m14
m14
mé
m4
mé4
m14
m14
m4
m14
m4

o —

housekeeping biological processes. The full list of pathways can be found in Dataset S4.

Liver m4+14

T T T T
1 2 3 4

-log10(p-value)

Muscle m4+14

T T T
2 4 6

-log10(p-value)

eWAT m4+14

o —

T T
2 4

-log10(p-value)

15



A eWAT eWAT eWAT
Acsl1 mo0 Elovl6 mo0 Scd1 mo0
S 3001 T [ Bmal1 WT
5 12000 epyTT
& 5 2001 N A Bmal1 KO
g A ﬁ 1004 8000} = DBma” wr LepO©®ioe
“ ; ‘ N 4000.@?% /\ Bmal1 KO
. 04—&@% 5
£ o £ 0O = =
s Q 2 % 2 X £E2 &8¢
53 TEEE 5353
2 8 & E & &
§&§ & & Q@ @ o a & & & &
LepWT/WT LePOb/Ob LepWTNVT Lepo"lob LepWT/WT LeprIOb
Liver
Cidec 0.0001
1
0.0003  <0.0001
]
c 20
K]
B 154
953_ : [ Bmal1 WT| control
% 104 A Bmal1 KO | diet
_“2-’ [1Bmal1 WT high fat
T 051 % A Bmal1 KO | diet
)
o 00 @ AR
= =
s ¢ = @
5% %%
& & & &
4 @ 4 q
CcD HFD
C Liver Muscle eWAT
Clec4e B m4 Adgre1 mo Adgre1 I m4
0.6/ = 150l 3 =
g
| 2
o 04 100 %
£
SN N e &
= A
00 @A B olEas
£ o E o = o &£ o
52€5¢ SEs¢ SEXs¢
T8 8 B T T T T T % 3 ®
g 2 g8 82 £ § E E
s & & & QA a @ & & & &
Lep"T™T [ gpObiob LepWTWT [ gporioe Lep"™T [ gpobios

Figure S6: Impact of the deletion of Bmall on lipid metabolism and inflammation

A. Expression of genes encoding enzymes involved in lipid metabolism measured by RNA-Seq at ZT12 in
eWAT. n =4-6 mice per genotype.

B. Relative Cidec gene expression in liver from Bmall KO and WT mice under CD and HFD condition at
ZT12. n = 5-6 mice per genotype.

C. Expression of markers of the infiltration of immune cells measured by RNA-Seq at ZT12 in liver (left),
muscle (middle) and eWAT (right). n = 4-6 mice per genotype.

Statistical tests included generalized linear models (A, and C, see details in methods) and a two-way
ANOVA (B) followed by a Holm-Sidak multiple comparison test. Differences in expression levels between
the genotypes (A, and C) are defined in Figure S4A and are indicated on top of the graphs.
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Figure S7: Gene expression analysis revealed the impact of Bmall deletion on feminization of gene
expression and muscle physiology

A. Statistical analysis of male- and female-biased genes showing a significant differential gene expression of
sex-biased genes in the different genotype comparisons. n = 5-6 mice per genotype.

B. Comparison of hepatic female- and male-biased genes in differential expressed genes between the four
genotypes (replicated from Figure 5A) with male and female C57BL/6 mice (raw data from (22)). n = 5-12
mice per genotype.

C. Expression of genes encoding muscle fiber types-specific myosin heavy chains or slow type-specific
Troponin and Myoglobin measured by RNA-Seq at ZT12 in muscle. n = 5-6 mice per genotype.

D. Expression of markers of muscle regeneration measured by RNA-Seq at ZT12 in muscle. n = 5-6 mice per
genotype.

Statistical tests included a mean-rank gene set enrichment analysis (A), and generalized linear models (C, and
D, see details in methods). Differences in expression levels between the genotypes (C, and D) are defined in
Figure S4A and are indicated on top of the graphs. Genes that follow an ambiguous model are marked m(0 and
P-values for each significant contrast are provided. *** P <0.001, ** P <0.01, and * P <0.05.
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Legends for Datasets S1 to S6 (Separate files)

Dataset S1. RNA-Seq Analysis results of liver biopsies of chronic liver disease patients

Sheet 1. Detailed table legend.

Sheet 2. Results of the differential analysis in normal, obese, NAFL, and NASH patients (dataset 1).

Sheet 3. Results of the differential expression analysis in liver biopsies of chronic liver disease patients with
varying fibrosis stage (dataset 2).

Sheet 4. Sample annotations of dataset 2 including time of liver biopsy.

Sheet 5. Results of the differential expression analysis between liver biopsies of non-fibrotic male vs. female
subjects (dataset 2).

Dataset S2. Liver lipidomics results and analysis from Bmall¥0XO-Lep®0b (KO-Ob), Bmall¥0/XO-
LepW"WT (KO-WT), BmalIVW"WVT-Lep2/0% (WT-Ob), and BmalIVTWT-LepWTWVT (WT-WT) mice

Sheet 1. Detailed table legend.

Sheet 2. Results of the differential analysis in liver.

Dataset S3. RNA-Seq results and analysis of BmalIX0'KO-L¢p9/% (KO-Ob), Bmal1XOXO-LepWTWT (KO-
WT), BmalIWVTWT_Lep%05 (WT-Ob), and BmalIY"WT-LepWTWT (WT-WT) mice in liver, muscle, and
eWAT

Sheet 1. Detailed table legend.

Sheet 2. Results of the differential expression analysis using DESeq?2 in liver.

Sheet 3. Results of the differential expression analysis using DESeq2 in muscle.

Sheet 4. Results of the differential expression analysis using DESeq2 in eWAT.

Dataset S4. GO terms associated with differentially expressed genes in BmallX0XO-L¢p?/0% (KO-Ob),
Bmal IXOKO_LepWTWT (KO-WT), BmalIWVTWVT-Lep%% (WT-Ob), and BmalIYTWT-LepWTWVT (WT-WT)
liver, muscle, and eWAT

Sheet 1. Detailed table legend.

Sheet 2. Biological Process associated with differential expressed genes in liver.

Sheet 3. Biological Process associated with differential expressed genes in muscle.

Sheet 4. Biological Process associated with differential expressed genes in eWAT.

Dataset S5. RNA-Seq results and analysis of liver gene expression in hepatocyte specific BmalI¥0/K0
(Bmall HepKO) and wild-type (Bmall HepWT) controls

Sheet 1. Detailed table legend.

Sheet 2. Results of the differential expression analysis using DESeq?2.

Dataset S6. GO terms associated with differentially expressed genes of BmallY"WT (Bmall WT),
BmalI¥°%0 (Bmall KO) and hepatocyte specific Bmall*?'X° (Bmall HepKO) and wild-type (Bmall
HepWT) controls in liver.

Sheet 1. Detailed table legend.

Sheet 2. Biological Process associated with differential expressed genes (model 5) in liver.

Sheet 3. Biological Process associated with differential expressed genes (model 6) in liver.

Sheet 4. Biological Process associated with differential expressed genes (model 7) in liver.

Sheet 5. Biological Process associated with differential expressed genes (model 9) in liver.

Sheet 6. Biological Process associated with differential expressed genes (model 10) in liver.

Sheet 7. Biological Process associated with differential expressed genes (model 11) in liver.

Sheet 8. Biological Process associated with differential expressed genes (model 12) in liver.

Sheet 9. Biological Process associated with differential expressed genes (model 13) in liver.

Sheet 10. Biological Process associated with differential expressed genes (model 14) in liver.

Sheet 11. Biological Process associated with differential expressed genes (model 15) in liver.
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