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Appendix Figure S1. Characteristics of the mouse liver TF-encoding gene promoters and 

of the SOM issued from their analysis. 

A) Distribution of the promoters used in the SOM analysis as a function of their size. B) 

Distribution of the promoters used in the SOM analysis as a function of the number of co-bound 

transcriptional regulators. C) The SOM was used to indicate the number of independent 

promoters comprised within each individual cell. D) Cells in green are those with a unique 

transcriptional regulator co-recruitment pattern. This was defined as cells for which the 

representative transcriptional regulator co-recruitment pattern was statistically different from 

that of all other cells (q<0.05). 
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Appendix Figure S2. Characterization of the main clusters of TF-encoding gene 

promoters. 

A) Percentage of TF-encoding gene promoters analyzed retrieved in each one of clusters A-G. 

B-D) The percentage of analyzed TFs (B), cofactors (C) or Hep-ID TFs (D) co-recruited to 

individual promoters was monitored and box plots were used to display the data obtained for 

promoters belonging to clusters A-G. E) The map issued from Fig.1 was used to show the 

average ChIP-seq signal from mouse livers for the Hep-ID TFs FOXA2, HNF1A, HNF4A and 

ONECUT1 at promoters contained in individual cells. Bold black lines indicate the borders of 

clusters A-G. The data are also displayed as bar graphs on the right. 
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Appendix Figure S3. Transcriptional regulator co-recruitment at promoters from clusters 

A-G. 

A-G) For each cluster of promoters, a heatmap showing transcriptional regulator co-recruitment 

defined using a Tanimoto index is shown (top). Transcriptional regulators were organized based 

on hierarchical clustering. In addition, these Tanimoto indexes were used for multidimensional 

scaling (MDS; see Materials and Methods) to further highlight transcriptional regulator co-

recruitment patterns. Proximity in the 2D space used to display the MDS data point to co-

recruitment in the set of analyzed promoters. A few TFs never bound to promoters from cluster 

A are omitted in panel A. 
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Appendix Figure S4. Additional characterization of the main clusters of TF-encoding gene 

promoters. 

A) Average ChIP-seq signal for mouse liver H3K27ac at promoters contained in clusters A-G. 

B-C) The map issued from Fig.1 was used to show the average DHS-seq at promoters (B) and 

mRNA expression levels of the linked genes (C) from mouse livers in individual cells. Bold 

black lines indicate the borders of clusters A-G. The data are also displayed as bar graphs on 

the right. 
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Appendix Figure S5. Average expression of Hep-ID and Hep-IDCONNECT TF encoding 

genes in individual mouse and human liver cell types. 

Average expression of Hep-ID, Hep-IDCONNECT and remaining TF-encoding genes from cluster 

G (Others) was monitored in single-nuclei RNA-seq data obtained from healthy adult mouse 

(A) or human (B) livers (Guilliams et al, 2022) and plotted as violin plots. 
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Appendix Figure S6. Loss of hepatocyte molecular identity in mouse models of severe liver 

injury. 

Comparison of the transcriptome of the indicated liver injury models (Table EV2) with that of 

the developing mouse liver performed as described in our previous study 26 and in the Materials 

and Methods section. PC1 is the first principal component which represents 63.55% of the 

variability within the mouse liver differentiation study. PC1 was used to project the liver injury 

studies (transcriptomic data from individual mice are shown as triangles). Transcriptomic 

changes induced by fasting were used as a control. CCl4, carbon tetrachloride hepatotoxicity - 

model of drug-induced chronic liver injury; PHx, partial liver hepatectomy - model of liver 

resection which is a frequent clinical practice to remove liver tumors; ERS (Tm), endoplasmic 

reticulum stress induced by tunicamycin injection - model of drug-induced acute liver injury. 

CDAA-HFSC, Choline-Deficient L-amino-acid-defined diet with high fat, sucrose and 

cholesterol diet - model of NASH/fibrosis; MCD-HF, methionine–choline-deficient diet with 

high fat - model of NASH/fibrosis. 
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Appendix Figure S7. Length of H3K4me3 domains at the promoter of TF-encoding genes 

in various mouse tissues/organs. 

Uniformly processed H3K4me3 ChIP-seq data from various mouse tissues/organs were used to 

monitor the length of the H3K4me3 domains overlapping the TSS of Hep-ID, Hep-IDCONNECT 

and remaining TF-encoding genes from cluster G (Others). Dotted lines show the median length 

in the liver. Statistical difference between liver and other organs was defined using Kruskal-

Wallis with Wilcoxon pairwise comparison tests followed by Benjamini-Hochberg correction 

for multiple testing correction. *q<0.05. 
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Appendix Figure S8. Association between Hep-IDCONNECT TFs and liver/hepatocyte 

metabolism in the scientific literature. 

The heatmap displays the numbers of PubMed-referenced articles referring to individual Hep-

IDCONNECT TFs and (“liver” or “hepatocyte”) and “metabolism”. 
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Appendix Figure S9. Strategy used to compare TF binding to the promoters of identity 

effector genes and activity-matched control non-TF gene promoters. 

A) Non-TF-encoding gene promoters were clustered based on their activity in the mouse liver 

defined through mRNA expression levels of associated genes and DHS-seq and H3K27ac 

ChIP-seq signals. The hierarchical clustering tree is shown on top of the heatmap together with 

identification of 4 main clusters. The activity-matched control set was obtained by randomly 

picking within each of the 4 clusters a number of genes equivalent to that of identity effector 

genes. TF binding to the promoters of identity effector and activity-matched control genes was 

defined by mining ChIP-seq signal intensity and statistical difference was tested using 

Wilcoxon Rank Sum Tests. This analysis was reiterated 1000 times and the mode of the p-value 

distribution was used to select a representative control gene set used in Fig.2I. B) Analyses 

similar to those in Fig.2H but using as control an equivalent number of activity-matched non-

TF-encoding genes, which gives data representative of those obtained using 1000 reiterations 

of the analysis as described hereabove. 
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Appendix Figure S10. Strategy used to compare TF binding to or transcriptional 

regulation of Hep-ID TFs and activity-matched control TF genes. 

A) TF-encoding gene promoters were clustered based on their activity in the mouse liver 

defined through mRNA expression levels of associated genes and DHS-seq and H3K27ac 

ChIP-seq signals. The hierarchical clustering tree is shown on top of the heatmap together with 

identification of 3 main clusters. Hep-ID and non-Hep-ID (Other) TF gene promoters among 

the most active ones (cluster 1) were split and compared as promoters matched for high activity 

in subsequent analyses. B-C) The Integrated Genome Browser (IGB) was used to display the 

cistromes of the indicated Hep-IDCONNECT TFs (blue) and the Hep-ID TF HNF4A (red) together 

with levels of H3K4me3 and H3K27ac (black) from mouse liver ChIP-seq data (Table EV2). 

Example Hep-ID TF (B) and control TF-encoding genes (C) are shown. The promoters are 

highlighted by green boxes. The scales of the individual ChIP-seq tracks were kept constant for 

all analyzed genes.  
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Appendix Figure S11. Biological pathways linked to Hep-ID, Hep-IDCONNECT and 

remaining TF-encoding genes from cluster G (Others). 

Biological pathways associated with Hep-ID, Hep-IDCONNECT and remaining TF-encoding 

genes from cluster G (Others) were defined using ToppCluster. When several pathways had an 

identical name, only the one with the greatest q-value was used. Dendrograms of hierarchical 

clustering are shown. ToppCluster uses hypergeometric tests and Bonferroni correction. 
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Appendix Figure S12. Clinical features associated with HCC displaying low or high 

expression levels of Hep-IDCONNECT TF genes. 

A) Overall survival of patients with HCC expressing low or high levels of the Hep-ID TF 

encoding genes. Differential overall survival analysis was assessed by Kaplan-Meier (KM) log 

rank adjusted for 100 permutations (Cheng et al, 2022). B) Distribution of the stages or grades 

of HCC with low or high average expression levels of Hep-ID or Hep-IDCONNECT TF genes. 

Chi-squared tests were used to assess statistical significance. C) Similar analyses to that 

described in panel A performed using individual Hep-IDCONNECT TF encoding genes. Overall, 

results were less significant here indicating that mining Hep-ID and Hep-IDCONNECT TF genes 

as gene sets provided robustness to this type of analysis. Nevertheless, high THRB expression 

was the most significantly associated with greater 10-year overall survival. Note that lack of 

similar findings for NR1H3 may stem from the role exerted by NR1H3 not only in tumor cells 

but also in cells of the tumor microenvironment such as macrophages (Zhou et al. 2022). D) 

HepG2 cells were treated with T3, GC-1 or GW3965 for 7 days. Viable cell number was 

determined (based on 3 technical replicates) and expressed relative to that obtained for control 

conditions (untreated or exposed to DMSO). Data are shown as scatter plot with dots displaying 

the results obtained from independent biological replicates and the horizontal lines showing the 

median. One-sample t-test with Benjamini-Hochberg correction for multiple testing was used 

to determine if the mean log2 FC was statistically different from 0. 
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Appendix Figure S13. T3-mediated transcriptional regulation of Hep-ID TF genes in 

livers of healthy mice. 

Modulation of Hep-ID TF gene expression in the mouse liver upon T3 injection for 3 days. 

Analyses were performed as in Fig.4J. 
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Appendix Figure S14. T3-mediated transcriptional regulation of Hep-ID TF genes in 

MPH. 

MPH were isolated in the presence or not of T3 (n=2 independent MPH preparation per 

condition), seeded in cell culture plates and harvested at the indicated times. mRNA expression 

of the indicated genes was monitored using RT-qPCR. The graphs show how gene expression 

evolved with time in the different MPH preparations (average expression in non-treated MPH 

at 0h was set to 1). 
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