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Supplementary Figure Legend 
Figure S1. Maternal circadian disruption during pregnancy promotes diet-induced 
obesity in offspring, related to Figure 1. 
(A) Body mass index (BMI, top) and percentage of fat mass (bottom) determined by the 
bioimpedance method (n=10 animals per group). (B) Representative photographs of 
perirenal (top) and subcutaneous (bottom) white adipose tissues (WAT). (C, D) 
Representative images of the liver (C) and WAT H&E staining (D). (E) Percentage of oil red 
O staining-positive areas shown in Figure 1G (n=3 mice per group, four areas were captured 
and analyzed in each mouse). (F) Percentage of F4/80 positive cells in the 
immunohistochemistry staining shown in Figure 1H (n=4 replicates per group). (G) 
Adipocyte size in H&E staining (areas of 50 cells derived from n=3 replicates per group (17, 
17, 16 cells from each replicate) were counted in each group). Data are presented as mean 
± SEM. (H) Percentage of extracellular fluid (top) and total body water (bottom) determined 
by the bioimpedance method (n=10 animals per group). (I) Serum levels of total cholesterol 
(top) and triglyceride (bottom) (n=5 samples per group). (J) Daily water intake (n=3 animals 
per group). L, light; D, dark. (K) Body weight of the LFD- or HFD-fed female offspring mice 
of the CON and CPS mothers (n=5 animals per group). (L) Representative photograph of 
the WAT and liver from the HFD-fed female offspring mice of the CON and CPS mothers 
(top), and tissue weights of the LFD- or HFD-fed offspring mice of the CON and CPS mothers 
(n=5 tissues per group, bottom). peri, perirenal; para, parametrial; sub, subcutaneous. (M) 
Intraperitoneal glucose (top) and insulin tolerance tests (bottom) (n=5 animals per group). 
(N) Area under the curve (AUC) of the glucose (top) and insulin tolerance tests (bottom) 
(n=5 animals per group). (O) Metabolic cage assessment of the oxygen consumption (VO2), 
energy expenditure, respiratory quotient (RQ), and carbon dioxide production (VCO2) (n=4 
animals per group) in female offspring mice aged from 14 to 16 weeks. (P) Daily food intake 
(left panels) and food intake adjusted by body weight (right panels) (n=5 animals per group). 
L and D denote light and dark phases, respectively. (Q) Daily water intake (n=5 animals per 
group). L, light; D, dark. (R) Body mass index (BMI), percentage of fat mass, percentage of 
extracellular fluid and total body water determined using the bioimpedance method (n=5 
animals per group). (S) Representative free-running locomotor activities of the HFD-fed 
offspring of CON or CPS mothers. Those mice were placed under a 12-h LD cycle for 7 days 
and subsequently transferred to constant darkness. Actograms were double-plotted, 
showing 2 successive days for visualization. Dark phase is shadowed. Scale bar, 25 counts. 
(T) Free-running period of HFD-fed offspring mice of the CON and CPS mothers (n=3 
animals per group). (U, V) Expression profiles of core clock and metabolic genes in the liver 
(U) and WAT (V). Transcripts were normalized to 18S rRNA (n=3-6 replicates per time points). 
ZT0 and ZT24 are double plotted for visualization. (W) Quantitation of the blot density of the 
hypothalamic proteins (n=3 replicates per time point per group). ZT0 and ZT24 are double 
plotted for visualization. (X, Y) Expression of metabolic genes in the skeletal muscle (X) and 



brown adipose tissue (BAT, Y) at ZT12. Transcripts were normalized to 18S rRNA (n=4-5 
replicates per time points). 
*p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001 by two-way ANOVA (vs CON(HFD), A, E-
G, I, K-M, O-P, R, U). Data are presented as mean + SEM. 
 
Figure S2. Offspring of the mothers devoid of Bmal1 during pregnancy displays 
exacerbation of diet-induced obesity, related to Figure 2. 
(A) Gene expression of the maternal liver following tamoxifen treatment and weaning of 
offspring mice. Transcripts were normalized to 18S rRNA (n=5 replicates per group). (B) 
BMAL1 protein in various tissues from wild-type and tamoxifen-inducible Bmal1 knockout 
mothers. (C) Body mass index (BMI) determined by the bioimpedance method (n=5 animals 
per group). (D, E) Representative images of the liver (D) and WAT H&E staining (E). (F) 
Percentage of oil red O staining-positive areas shown in Figure 2G (n=3 mice per group, 
four areas were captured and analyzed in each mouse). (G) Percentage of F4/80 positive 
cells in the immunohistochemistry staining shown in Figure 2H. (H) Adipocyte size in H&E 
staining (areas of 50 cells derived from n=3 replicates per group (17, 17, 16 cells from each 
replicate) were counted in each group). (I) Percentage of extracellular fluid (top) and total 
body water (bottom) determined by the bioimpedance method (n=5 animals per group). (J) 
Serum levels of total cholesterol (left) and triglyceride (right) (WT: n=4; BKO: n=5). (K) Daily 
water intake (n=5 animals per group) in male offspring. L, light; D, dark. (L) Body weight of 
the LFD- or HFD-fed female offspring mice of the WT and BKO mothers (n=5 animals per 
group) and a representative image of the HFD-fed offspring mice of the WT and BKO 
mothers. (M) Representative photograph of the white adipose tissue (WAT) and liver from 
the HFD-fed female offspring mice of the WT and BKO mothers (top), and tissue weights of 
the LFD- or HFD-fed offspring mice of the WT and BKO mothers (n=5 tissues per group, 
bottom). peri, perirenal; para, parametrial; sub, subcutaneous. (N) Intraperitoneal glucose 
(top) and insulin tolerance tests (bottom) (n=5 animals per group). (O) Area under the curve 
(AUC) of the glucose (top) and insulin tolerance tests (bottom) (n=5 animals per group). (P) 
Metabolic cage assessment of the oxygen consumption (VO2), energy expenditure, 
respiratory quotient (RQ), and carbon dioxide production (VCO2) (n=4 animals per group) in 
female offspring mice aged from 14 to 16 weeks. (Q) Daily food intake and food intake 
adjusted by body weight (n=5 animals per group) in female offspring. L, light; D, dark. (R) 
Daily water intake (n=5 animals per group) in female offspring. L, light; D, dark. (S) Body 
mass index (BMI), percentage of fat mass, percentage of extracellular fluid and total body 
water determined using the bioimpedance method (n=5 animals per group). (T, U) 
Expression profiles of core clock genes at ZT12 in the liver (T) and WAT (U). Transcripts 
were normalized to 18S rRNA (n=5 replicates per group). 
Data are presented as mean + SEM. *p<0.05, ***p<0.001, and ****p<0.0001 by student’s t 
test (A, C, F-H, J) or by two-way ANOVA (K-Q, S). The ns denotes not significant. 



Figure S3. Hepatic metabolome reveals temporal metabolic rewiring by maternal 
circadian disruption during pregnancy, related to Figure 3 and Table S1. 
(A) Heat maps illustrating diurnal metabolites oscillating commonly in all 4 groups, CON, 
CPS conditions (n=5 per timepoint per group). (B) Number of rhythmic metabolites in each 
super-pathway. (C) Distribution of amplitude in hepatic metabolites commonly oscillating in 
all 4 groups. (D) Polar histograms showing the peak phase distribution of metabolites 
commonly rhythmic in all 4 groups. (E) Sub-pathway analysis on diurnal metabolites 
oscillating commonly in all 4 groups, CON, and CPS conditions. (F) Integrative analysis of 
enrichment and pathway topology on diurnal metabolites commonly in all 4 groups, CON, 
and CPS conditions. (G) Representative profiles of hepatic metabolites cycling commonly in 
all 4 groups (corticosterone), CON (gamma-glutamylphenylalanine), and CPS 
(ergothioneine) conditions. Data were presented as mean + SEM (n=5 biological replicates 
per time point per group). ZT0 and ZT24 are double plotted for visualization. (H) Integrative 
analysis of enrichment and pathway topology on diurnal metabolites in each group. (I) The 
hepatic pathway enrichment comparing the HFD-fed offspring born to the CON and CPS 
mothers at ZT0, ZT6, ZT12, and ZT18. 
 
Figure S4. Maternal circadian disruption during pregnancy modulates hepatic 
circadian reprogramming by HFD, related to Figure 4 and Tables S2-3. 
(A) Heat maps illustrating diurnal transcripts oscillating commonly in all 4 groups, CON, and 
CPS conditions (n=3 per timepoint per group). (B) Polar histograms showing the peak phase 
distribution of transcripts commonly rhythmic in all 4 groups. (C) Distribution of amplitude in 
hepatic transcripts commonly oscillating in all 4 groups. (D) GO terms of biological processes 
enriched in diurnal transcripts oscillating commonly in all 4 groups, CON, and CPS 
conditions. (E) Representative profiles of hepatic genes oscillating commonly in all 4 groups 
(Gys2), CON (Igip), and CPS (Cds2) conditions. Data were presented as mean + SEM (n=3 
biological replicates per time point per group). ZT0 and ZT24 are double plotted for 
visualization. (F) Heat map illustrating differentially expressed genes in the liver between the 
HFD-fed offspring born to the CON and CPS mothers (n=3 per timepoint per group). (G) GO 
terms of biological processes enriched in differentially expressed genes in the liver between 
the HFD-fed offspring born to the CON and CPS mothers. (H) Principal Component Analysis 
of fecal microbiome of the LFD- or HFD-fed offspring mice of the WT and BKO mothers (n=5 
per timepoint per group). (I) Breakdown of the microbial species of the LFD- or HFD-fed 
offspring mice of the WT and BKO mothers. (J) Alpha diversity assessed by Shannon and 
ACE indices. Data were presented as mean + SEM (n=5 per timepoint per group). (K) Beta 
diversity at the genus level determined by the Bray-Curtis index and principal coordinate 
analysis (PCoA) (n=5 per timepoint per group). (L) Pairwise PERMANOVA based on Bray-
Curtis dissimilarity (n=5 per timepoint per group). 
 



Figure S5. Maternal circadian disruption impacts fetal hepatic rhythmic gene 
expression, related to Figure 5. 
(A) Daily food and water intake of CON and CPS conditions (n=4-5 animals per group, top), 
and of WT and BKO mice (n=4 animals per group, bottom) during pregnancy. (B) Breakdown 
of daily food and water intake of CON and CPS conditions in light and dark phases (n=4-5 
animals per group, top), and of WT and BKO mice in subjective day and night (n=4 animals 
per group, bottom) during pregnancy. L, light; D, dark; SD, subjective day; SN, subjective 
night. (C) Number of fetuses of CON and CPS conditions (CON: n=20 samples; CPS: n=18 
samples, top), and of WT and BKO mice (n=5 animals per group, bottom) on E18.5. (D) 
Weight of body, brain, heart, and kidney of fetus of CON and CPS mothers (n=5-8 samples 
per group, top), and of WT and BKO mothers (n=5-7 animals per group, bottom) on E18.5. 
(E) Expression of genes encoding hepatocyte-lineage markers in the fetal liver. Transcripts 
were normalized to 18S rRNA (n=3-5 replicates per time point per group). ZT0 and ZT24 are 
double plotted for visualization. (F, G) Expression of core clock genes in the maternal (F) 
and fetal (G) liver. Transcripts were normalized to 18S rRNA (n=4-5 (F), and n=3-5 (G) 
replicates per time point per group). ZT0 and ZT24 are double plotted for visualization. 
Dotted lines indicate peak phases determined by Cosinor analysis. (H) Correlation scatter 
plot showing the level of methylation at common CpG sites. Histograms of the percent 
methylation per sample and the Pearson correlation coefficients for each comparison are 
also shown. MCO denotes mouse CON; MPS, mouse CPS; FCO, fetus CON; FPS, fetus 
CPS. (I) Clustering dendrogram of CpG methylation of the CON and CPS livers from fetal 
and four-week-old offspring mice. (J) Pregnancy duration of the mothers exposed to either 
CON or CPS condition before pregnancy (CPS-BP) (n=5 animals per group). (K) Number of 
fetuses of CON and CPS-BP conditions (n=5 animals per group) on E18.5. (L) 
Representative images of the fetuses born to the CON and CPS-BP mothers. (M) Weight of 
body, liver, brain, heart, and kidney of fetus of CON and CPS-BP mothers (n=12 samples 
per group) on E18.5. (N) Pregnancy duration of the mothers exposed to either CON or CPS 
condition for two-thirds of pregnancy (2/3CPS) (n=5 animals per group). (O) Number of 
fetuses of CON and 2/3CPS conditions (n=5 animals per group) on E18.5. (P) 
Representative images of the fetuses born to the CON and 2/3CPS mothers. (Q) Weight of 
body, liver, brain, heart, and kidney of fetus of CON and 2/3CPS mothers (n=12 samples per 
group) on E18.5. 
Data are presented as mean + SEM (A-B, D-G, M, Q), and ± SEM (C, J-K, N-O). *p<0.05, 
**p<0.01, and ****p<0.0001 by student’s t test (A, D), or by two-way ANOVA (B, F-G) . The 
ns denotes not significant by student’s t test (A, C-D, J-K, M-O, Q) or by two-way ANOVA 
(B).  
 
  



Figure S6. Maternal circadian disruption impacts placental genomic signature, related 
to Figure 6. 
(A) Expression profiles of Slc38a4, core clock and Nampt genes in the placenta. Transcripts 
were normalized to 18S rRNA and presented as mean + SEM (n=4-5 replicates per time 
point per group). ZT0 and ZT24 are double plotted for visualization. (B) Placental weight in 
CON and CPS condition before pregnancy (CPS-BP) on E18.5 day (n=12 replicates per 
group). (C) The ratio of fetal body weight (BW) to placental weight (PW) in CON and CPS-
BP conditions (n=12) on E18.5 day. (D) Placental weight in CON and CPS condition for two-
thirds of pregnancy (2/3CPS) on E18.5 day (n=12 replicates per group). (E) The ratio of fetal 
BW to PW in CON and 2/3CPS conditions (n=12) on E18.5 day. (F) Fractions of clusters in 
each sample. (G) UMAP visualization of placental cells colored by different clusters in each 
sample. (H) UMAP visualization of representative gene expression. (I) Distribution of CON 
versus CPS cells on UMAP plot (upper panels), and clustering of CON and CPS cells on 
UMAP plot (lower panels). SynT, Syncytiotrophoblast; S-TGC, Sinusoidal trophoblast giant 
cells; SpT, Spongiotrophoblast; GC, Glycogen cells. (J) GO terms of biological processes 
enriched in the endothelial cells (upper panels), blood and immune cells subcluster 1 (middle 
panels), and blood and immune cells subcluster 2 (lower panels). 
Data are presented as mean + SEM (A-E). The ns denotes not significant by student’s t test 
(B-E). 
 
Figure S7. Circadian alignment of caloric restriction, not time-restricted feeding alone, 
in adult offspring abolishes diet-induced obese phenotype of offspring caused by 
maternal circadian disruption, related to Figure 7. 
(A, B) Body mass index (BMI, A) and percentage of fat mass (B) determined by the 
bioimpedance method (n=4-10 animals per group). (C) Percentage of extracellular fluid and 
total body water by body composition measurement machine (n=4-10 animals per group). 
(D) Daily water intake separated by day and night (n=3 animals per group). L, light; D, dark. 
(E) Adipocyte size in H&E staining (areas of 50 cells derived from n=3 replicates per group 
(17, 17, 16 cells from each replicate) were counted in each group). Data are presented as 
mean ±  SEM. (F) Serum levels of total cholesterol (left) and triglyceride (right) (n=5 
samples per group). (G) Expression profiles of clock genes in the liver. Transcripts were 
normalized to 18S rRNA and presented as mean + SEM (n=4-5 replicates per time point per 
group). (H, I) Expression profiles of clock genes (H), and metabolic genes (I) in the WAT. 
Transcripts were normalized to 18S rRNA and presented as mean + SEM (n=3-5 replicates 
per time point per group). (J) Body weight of the calorie-restricted, HFD-fed (HFD_CR) 
female offspring mice of the CON and CPS mothers (n=5 animals per group) and a 
representative image. (K) Body mass index (BMI) and percentage of fat mass determined 
using the bioimpedance method (n=5 animals per group). (L) Representative photograph of 
the white adipose tissue (WAT) and liver from the HFD_CR female offspring mice of the 



CON and CPS mothers (top), and tissue weights of the HFD_CR offspring mice of the CON 
and CPS mothers (n=5 tissues per group, bottom). peri, perirenal; para, parametria; sub, 
subcutaneous. (M) Intraperitoneal glucose tolerance test (IPGTT, top) and insulin tolerance 
test (IPITT, bottom) (n=5 animals per group). (N) Area under the curve (AUC) of IPGTT (top) 
and IPITT (bottom) (n=5 animals per group). (O) Metabolic cage assessment of oxygen 
consumption (VO2, top) and energy expenditure (bottom) (n=4 animals per group) in female 
offspring mice aged 14 to 16 weeks. (P) Metabolic cage assessment of the respiratory 
quotient (RQ, top) and carbon dioxide production (VCO2, bottom) (n=4 animals per group) 
in female offspring mice aged 14 to 16 weeks. (Q) Daily food intake adjusted based on body 
weight (n=5 animals per group). (R) Daily water intake (n=5 animals per group). L, light; D, 
dark. (S) Percentage of extracellular fluid and total body water determined by the 
bioimpedance method (n=5 animals per group). 
*p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001 by two-way ANOVA (A, E-G, I). The ns 
denotes not significant. Data are presented as mean + SEM (A-D, F-S). 
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