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Supplementary Fig. 1. Organ masses in postnatal day 15 (P15) male and female 

offspring raised by mothers fed on diets with low fat and high fat during lactation, 

related to Figure 1. 

(a) Organ masses in subcutaneous fat (SUB), mesenteric fat (MWAT), brown adipose tissue 

(BAT), brain, heart, lungs, liver, pancreas, spleen, kidneys, testes, stomach, intestine, caecum 

and colon in male P15 offspring.  

(b) Organ masses in subcutaneous fat (SUB), mesenteric fat (MWAT), brown adipose tissue 

(BAT), brain, heart, lungs, liver, pancreas, spleen, kidneys, stomach, intestine, caecum and 

colon in female P15 offspring. Values are means± s.d. p value by one-way ANOVA. * 

represents p < 0.05, ** represents p < 0.01. ns represents no significance between 

comparisons. Sample sizes for male and female offspring raised by mother fed LFD were 9, 

those fed LFD were 5. Source data are provided as a Source Data file. 
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Supplementary Fig. 2. A comprehensive map of mouse hypothalamus at P15, related to 

Figure 2. 

(a) QC matrices of the single nucleus transcriptomics analysis. Histograms of the distribution 

of the UMIs per cell, gene number per cell and mitochondrial percentage per cell.  

(b) Uniform Manifold Approximation and Projections (UMAPs) showing the results after batch 

correction, colored by sample ID, batch, sex and experimental groups. 

(c) Barplot of the cell proportions of key lineages from each individual (indicated as mouse 

sampleID). 

(d) Differential abundance analysis (DAseq) shows the enrichment of abundance of cells from 

the full dataset when compares fHFD vs mHFD, fLFD vs mLFD, mHFD vs mLFD and fHFD vs 

fLFD. Colored dots represent the enrichment of abundance in different groups. 

(e) Dotplot of the top/bottom 5 DEGs ordered by Log2 fold change (Log2FC) between the 

comparisons of fHFD vs fLFD, mHFD vs mLFD, mLFD vs fLFD and mHFD vs fHFD in neuron 

and astrocytes. p value was adjusted by Bonferroni correction. 

(f) Comparison of the single nuclei captured in our study to previously published study by 

projecting our dataset (this study, light blue) onto the HypoMap dataset (Steuernagel et al, 

light grey).  
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Supplementary Fig. 3. Heterogeneity of the neuronal subpopulations, related to Figure3.  

(a) UMAPs of the hypothalamic regions by different colors. Cells that not assigned to any 

specific region were coloured in gray.  

(b) Barplot of the cell proportions of neuronal subpopulations from fHFD, fLFD, mHFD and 

mLFD groups.  

(c)  Dot plots of the expression of canonical neuropeptide and neurotransmitter genes in 

neuronal subpopulations. 

(d) Differential abundance analysis (DAseq) shows the enrichment of abundance of cells from 

different neuronal subpopulations when compares fLFD vs mLFD, mHFD vs mLFD and fHFD 

vs fLFD. Colored dots represent the enrichment of abundance in different groups. (Red – 

mHFD; Blue – mLFD) 



Pomc Xist Brd1

ns
ns

ns
* *

ns
ns

UMAP1

U
M

A
P

2

g

POMC-1

POMC-2

POMC-3

h

Pomc

UMAP1

U
M

A
P

2

UMAP1

U
M

A
P

2

AgRP-1 AgRP-2 AgRP-3
Agrp Npy

a b c

e

Avp

R
or
b

Avp/Rorb

f

fH
FD

fLF
D

  m
HFD

mLF
D

POMC-1
POMC-2
POMC-3

POMC-1 POMC-2 POMC-3

UMAP1

U
M

A
P

2

Agrp

Le
pr

d

AgRP

Zfp821
Zfp579
Xist
Vtn
Tsix

Tmem198
Tmem117

Tecr
Rock1
Ptn

mt-Nd4
mt-Cytb
mt-Co3
mt-Atp6
Malat1
Lncpint
Kdm5d
Hdac3

Gm47283
Gm42418
Gm26724
Fbxl2
Eif2s3y

E230001N04Rik
Ddx3y
Cd151
Basp1
Baiap2

AY036118
Akt2

fH
FD vs

 fL
FD

mHFD vs
 m

LFD

mLFD vs
 fL

FD

mHFD vs
 fH

FD

Padj
>0.05

0.04

0.03

0.02

0.01

-3

0
1

Log2FC

i     POMC

Yipf2
Xist
Tsix

Tmem107
Tm2d1
Szt2
Stk25
Sacs

Rnf126
Psma2

Ppp1r14b
Paxx
Oxct1
Orc4
Npy1r
Npc1
Ndrg3
mt-Nd5
Malat1
Kdm5d
Ireb2
Insig1
Hinfp
H2-Ke6
Gtpbp6
Gm48855
Gfra4

Gadd45g
Eif2s3y
Dnlz

Ctdnep1
Cacng2
Bhlhb9

1500009L16Rik

fH
FD vs

 fL
FD

mHFD vs
 m

LFD

mLFD vs
 fL

FD

mHFD vs
 fH

FD

Padj
>0.05

0.04

0.03

0.02

0.01

-3

0
1

Log2FC

  Avp/Rorb

Zfp579
Xist
Vim
Uty

U2af1
Tsix

Tmem243
Stk32c
Ss18l2
Selenot
Rubcn
Rorb

Ranbp10
Ptpa
Ptgds
Pabpn1
mt-Cytb
mt-Atp6
Mrps7
Mkrn1
Meg3
Malat1
Kndc1
Kdm5d

Id2
Hid1
Haghl

Gucy1a2
Grk3

Gpr137c
Gm42418
Epm2aip1
Eif2s3y

fH
FD vs

 fL
FD

mHFD vs
 m

LFD

mLFD vs
 fL

FD

mHFD vs
 fH

FD

Padj
>0.05

0.04

0.03

0.02

0.01

-3

0
1

Log2FC

P = 0.02
P = 0.022



Supplementary Fig. 4. Heterogeneity of AgRP/Npy and POMC neurons, related to Figure 
4.  
(a) Heatmap of top 10 differentially expressed genes in each AgRP subcluster.  

(b) Violin plots of the expression of Agrp and Npy in each AgRP subcluster. 

(c) Lepr and Agrp co-expression is shown on UMAP of AgRP subclusters. Red colour 

represents the expression of Agrp and Lepr for blue, blended colour in pink to purple as well 

as pink represents the co-expression of two genes. Grey represents for no expression. 

(d) Avp and Rorb co-expression is shown on UMAP of neuronal subclusters. Red colour 

represents the expression of Rorb and Avp for blue, blended colour in pink to purple as well 

as pink represents the co-expression of two genes. Grey represents for no expression. 

(e) UMAP of canonical marker genes for POMC neurons (Pomc) on the of neuronal 

subclusters.  

(f) Unsupervised clustering of extracted POMC neurons identified 3 distinct subtypes and 

barplot shows the composition of POMC subclusters from fHFD, fLFD, mHFD and mLFD 

groups.  

(g) Heatmap of the top 10 differentially expressed genes in each POMC subcluster.  

(h) Violin plots of the expression of Pomc, Xist and Brd1 genes in four groups in POMC 

neurons. * represents P  < 0.05 for Wilcoxon test.  

(i) Dotplot of the top/bottom 5 DEGs ordered by Log2FC between the comparisons of fHFD 

vs fLFD, mHFD vs mLFD, mLFD vs fLFD and mHFD vs fHFD in key neuronal subpopulations. 

p value was adjusted by Bonferroni correction. 
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Supplementary Fig. 5. Heterogeneity of non-neuronal subclusters, related to Figure 5.  

(a) Expressions of canonical astrocyte marker genes Nstr, Slc7a10 and Gfap on UMAP. 

(b) Unsupervised clustering of extracted tanycytic and ependymal cells identified 3 distinct 

subtypes and the expression of canonical marker genes Dnah12, Ccdc153 (Ependymal), Fzrb, 

Vcan (tanycytes a+b1) and Col25a1, Scn7a (tanycytes b2) on UMAP.  

(c) Heatmap of the top 10 differentially expressed genes in each tanycytic and ependymal 

subcluster.  
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Supplementary Fig. 6. Cell-cell interaction on the mouse P15 hypothalamus atlas, 

related to Figure 6.  

(a) Overall interactive signaling changes on all the key lineages and neuron subpopulations 

indicating that astrocytes are the key hotspot of the interactions with AgRP neurons between 

mHFD and fHFD groups. 

(b) & (c) Overall interactive signaling changes on key neuronal subpopulations and top scoring 

non-neuronal populations between (b) mHFD and mLFD groups as well as between (c) fHFD 

and fLFD groups. 

(d) The identified key pathways of the interactive signaling between mHFD and mLFD groups. 

(e) & (f) The identified key up-regulated and down-regulated signaling ligand-receptor pairs 

between the interactions of AgRP neurons and astrocytes in mHFD and mLFD groups. 

(g) The identified key pathways of the interactive signaling between fHFD and fLFD groups. 

(h) & (i) The identified key up-regulated and down-regulated signaling ligand-receptor pairs 

between the interactions of AgRP neurons and astrocytes in fHFD and fLFD groups. 

(j) Normalized cell counts of colocalization of Npy+ (represents AgRP/Npy neurons) and 

S100β+ (to stain astrocytes), normalization calculated by Npy+S100β+/DAPI+ cells. 

Biologically independent animals for fHFD group were 5, for fLFD group were 5, for mHFD 

group were 5, for mLFD group were 4. p value by two-sided Student’s t-test. Values are means

±s.d. ns represents no significance between comparisons. Source data are provided as a 

Source Data file. 

 


