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Supplemental information

Materials and Methods

Genotyping

Whole genomic DNA was derived from the tail or cell after lysing with 50 mM
NaOH at 98°C for 30 min and neutralized with 1M Tris-HCI (pH 8.0). This crude
DNA was then used for PCR using 2X Rapid Taq Master Mix (Vazyme, P222-
01), according to the manufacturer’s instructions and following PCR conditions:
one cycle of 95°C for 3 min, 35 cycles of 95°C for 15 s, 60°C for 15 s, 72°C for
60 s, and one cycle of 72°C for 5 min. Primers for Zrsr1 KO; forward,
cacggcagaccgcgattcctg; reverse, ggaagttgcagtgctttcctt; For Zrsr2 KO; forward,
gagtgggcgaccgaggacct; reverse, ggagcaattccacatccagage. The PCR products

were subsequently separated using 1 % agarose gel electrophoresis for 30 min.

Cell lines

Primary hepatocytes were isolated from C57BL/6J mice via collagenase type |
as previously described (1). Hepatocytes were maintained in DMEM containing
10% FBS and 1% penicillin—streptomycin at 37°C and 5% CO>. Adenovirus
infection was performed on the same day as isolation. After 24 h, the cells were
treated with vehicle (DMSO), T0901317 (5 uM) or SR9238 (10 uM) (Sigma,
SM1510) for 24 h. AML12 cells were purchased from the American Type Culture
Collection (ATCC) and cultured in DMEM/F-12 (1:1) supplemented with 10%

FBS, 1% penicillin, streptomycin, dexamethasone and ITS. HEK293T cells were
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cultured in DMEM supplemented with 10% BCS and 1% penicillin—streptomycin.
Immortalized murine hepatic stellate cells (HSCs) were obtained from Dr. Xuelian
Xiong at Zhongshan Hospital, Fudan University in Shanghai, and cultured in
DMEM supplemented with 10% FBS and 1% penicillin—streptomycin. The cell
culture experiments were performed in triplicate and repeated at least three

times.

Liver histology

Tissues were dissected and fixed in 10% formalin overnight at 4°C and subjected
to paraffin embedding and H&E staining. Liver slices were fixed in O.C.T.
(G6059, Servicebio) and then stained with Oil Red O. Sirius red staining was
performed as previously described (2). Paraffin sections were subjected to
ammonia staining with Nessler’s reagent (Sigma, 1090280100) as previously

described (3).

Metabolic analyses

For the glucose tolerance test (GTT), the mice were fasted overnight (16 h) and
injected intraperitoneally (IP) with a glucose solution at a dose of 1.0 g/kg body
weight. For the insulin tolerance test (ITT), the mice were fasted for 4 h and IP
injected with insulin at a dose of 1 U/kg body weight. Blood glucose
concentrations were measured before and at 20, 45, 90 and 120 min after
glucose or insulin injection. Liver triglycerides and cholesterol were extracted and

measured as previously described (4). Plasma insulin concentrations were
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measured via an ELISA kit (CrystalChem, 90096). Plasma triglycerides, NEFAs,
B-hydroxybutyrate, alanine transaminase (ALT), aspartate transaminase (AST)
and cholesterol were measured via commercial kits. The hydroxyproline level in
the liver was measured via metabolomics. Liver and cellular ammonia contents
were measured via an ammonia assay kit (Sigma, MAK310). Liver a-
ketoglutarate (a-KG) was measured via an a-ketoglutarate assay kit (Cayman,
701350). Widely targeted metabolomics of liver tissues was performed by
MetWare Biotechnology. Metabolites of liver tissues were detected based on the
AB Sciex QTRAP 6500 LC-MS/MS platform. Enrichment analysis was performed

via Metaboanalyst (www.metaboanalyst.ca).

Gene expression analyses

Mouse and human livers were extracted and immediately frozen in liquid
nitrogen. Total RNA was extracted from tissues or hepatocytes via the TRIzol
method following the manufacturer’s instructions. For RT-qPCR, 2 ug of RNA
was reverse transcribed via HiScript Il Q RT SuperMix (Vazyme, R222-01),
followed by gPCR via SYBR Green. Relative mRNA expression was normalized
to the expression of APO or 18S. The primers used for gene expression are listed

in Table S3.

Immunoblotting analysis
Mouse liver tissue was extracted and immediately frozen in liquid nitrogen.

Tissue lysates were prepared by homogenization in buffer containing 50 mM Tris
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(pH=7.6), 130 mM NaCl, 5 mM NaF, 25 mM B-glycerophosphoate, 1 mM sodium
orthovanadate, 10% glycerol, 1% Triton X-100, 1 mM DTT, 1 mM PMSF and the
protease inhibitor cocktail. Total cell lysates were prepared in lysis buffer
containing 50 mM Tris-HCI (pH=7.8), 137 mM NaCl, 10 mM NaF, 1 mM EDTA,
1% Triton X-100, 10% glycerol, and a protease inhibitor cocktail (Bimake,
B14002) after three freeze—thaw cycles. The ZRSR1 customized antibody was
developed by PTM BIO. Briefly, the antibody was produced from rabbits
immunized with a HIS-tagged protein corresponding to the C-terminal region
(amino acids 200-420) of the murine ZRSR1 protein. The antibody serum was
subsequently purified using Protein A and antigen affinity chromatography. The
other commercial antibodies used were ZRSR2 (PA5-41797) from Invitrogen,
SREBP-1 (sc-13551) and INSIG1 (sc-390504) from Santa Cruz Biotechnology.
HSP90 (13171-1-AP), FLAG (20543-1-AP), IDH1 (12322-1-AP), NF-kB p65
(65107451-1-AP), and JNK (66210-1-1g) were obtained from Proteintech.
Phospho-AMPK (2535S), AMPK (2532), phospho-NF-kB P65 (3033), phospho-
JNK (4668) and cleaved caspase3 (9661) were obtained from Cell Signaling

Technology.

RNA-Seq Data Analysis

Total RNA was denatured and enriched by oligo (dT)-attached magnetic beads to
obtain mMRNA. mRNAs were fragmented for cONA synthesis. cDNAs were then
subjected to End Repair, Add A and Adaptor Ligation, and PCR amplification.

The RNA library was qualified and then sequenced on DNBseq-T7 using High-
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throughput Sequencing Kit (PE 150). The fastq files were subjected to quality
control via FastQC followed by alignment against the mouse reference genome
(mm38) via the aligner HISAT2 (5). HTSeq program was employed to count the
number of reads mapped to the reference obtained from NCBI for coding genes
and from the IAOD website for major/minor intron regions (6, 7). The fold change
of the counts of major/minor intron reads was calculated to evaluate the level of
minor and major intron retention in MASH and ZLKO mice. The percentage of
major/minor retained introns is calculated by dividing the number of major/minor
retained introns by all major/minor introns in major/minor intron-containing genes.
In total, 657 minor introns found within 606 genes, and 211,005 major introns
found within 32,396 genes, were taken into consideration for the calculation.
DESeq2 was used for differential expression analysis (8). Transcripts exhibiting
significant differences of more than 1.4-fold in expression in the ZLKO group
compared with the CTR group were selected for further analysis. Gene
enrichment analysis was performed via DAVID (https://david.ncifcrf.gov/). The

StringTie method was applied to reconstitute the Insig1 and Insig2 transcripts (9).

In vitro lipogenesis assay

AML12 cells were incubated in Krebs Ringer buffer supplemented with 0.1% fatty
acid-free BSA. Each well was incubated with 0.2 pCi/mL [U-'4C]acetate
(PerkinElmer, NEC085H001MC) or [U-'4C]glucose (PerkinElmer,
NEC042X050UC) for 2 h in the presence of vehicle or T0901317 alone or in

combination with T0901317 and GSK864 (MCE, HY-19540). The cells were
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lysed, and lipids were extracted with hexane-isopropanol solution (hexane:
isopropanol (v:v) =3:2), evaporated and resuspended in toluene. Radioactivity

was measured in scintillation fluid.

Metabolic flux analysis

AML12 cells were seeded in 6-well plates with unlabeled DMEM/F12 medium,
and the media were removed when the cells had grown to 60% confluence. The
cells were subsequently washed twice with PBS. The medium was then replaced
with glutamine-free DMEM/F12 medium supplemented with 2.5 mM [U-
13C]glutamine (Sigma, 605166), 10% dialyzed FBS, 1% penicillin streptomycin,
dexamethasone and ITS. After 24 h of labeling, the cells were treated with
vehicle, T0901317 alone or T0901317 combined with GSK864 for 24 h.
Afterward, the cells were washed with PBS. For glutamine-to-fatty acid flux
analysis, the cells were collected in a 1.5-mL centrifuge tube. Fatty acids were
extracted with 1 mL of 90% MeOH and 0.3 M KOH. After vortexing for 10 s, the
solution was transferred to a 4 mL glass bottle and heated at 80°C for 1 h.
Samples were collected by adding 100 uL of formic acid and 1 mL of hexane,
vortexing and transferring to HPLC glass bottles, followed by evaporation to
dryness in a vacuum concentrator. The dry extracts were reconstituted in 200 yL
of ACN:MeOH (1:1, v/v) per million cells and stored at -20°C prior to LC-MS
analysis. LC—MS analysis was performed via a Vanquish UHPLC system
(Thermo Fisher Scientific) and an Acquity UPLC BEH C18 column (2.1x100 mm,

1.75 ym; Waters). For glutamine-to-citrate flux analysis, the cells were placed on
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ice and extracted with 40 pl of MeOH:ACN:H20 (2:2:1, v/v/v) mixture. The cells
were scraped from the plate, transferred to a 1.5-mL centrifuge tube and
incubated on ice for 10 minutes. The samples were vortexed for 30 seconds and
centrifuged at 14000 rpm for 20 minutes at 4°C. The supernatants were
transferred to a new 1.5-mL tube and centrifuged again at 14000 rpm for 20
minutes. The supernatants were ultimately transferred to HPLC glass bottles. LC
separation was achieved via a Vanquish UHPLC system (Thermo Fisher
Scientific) and a HILIC column (2.1x150 mm, 5 ym, HILICON). The raw data
were converted to mzXML format via MSConver and processed via EI-MAVEN
for peak detection, extraction, alignment and integration. Natural isotope
abundance correction was applied via METLAB. The enrichment of lipogenic

acetyl-CoA was calculated with FAMetA software (www.fameta.es) (10).

Co-culture of AML12 cells and HSCs

AMLA12 cells in glutamine-free DMEM/F12 medium supplemented with FBS, PS,
dexamethasone and ITS were seeded in 12-well plates. At the same time, HSCs
in glutamine-free DMEM supplemented with FBS and PS were seeded into 24
mm tissue culture transwell inserts (Corning, 3412) and incubated for 24 h. When
the AML12 cells were 70% confluent, the cells were treated with vehicle or
T0901317, and the HSCs containing inserts were transferred to AML12 cell-
seeded plates. The cells were co-cultured for 24 h at 37°C, after which the HSCs
were collected for analysis of gene expression. The experiments were performed

in triplicate.
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Figure S1. Hepatic expression of minor intron splicing factors and snRNAs
under MASH condition and the genotyping of Zrsr1 and Zrsr2 double-
deficient mice.

(A) QPCR analysis of minor intron splicing factors and snRNAs in the livers of
mice fed chow-diet (n=4) or CDA-HFD (MASH diet, n=7) for 6 months. (B)
Heatmap showing the gene expression of RNA binding proteins (RBPs),
including ZRSRZ2, in the livers of healthy individuals and MASH patients
(GSE126848). (C-F) Zrsr1 (C-D) and Zrsr2 (E-F) genotyping of BAT, eWAT,
IWAT, heart, muscle, lung, spleen, small intestine, brain, testis, stomach, kidney
(C, E) and liver (D, F) from AAV-control- (CTR) and AAV-sgRNA-injected Cas9-
Tg mice (ZLKO). (G-H) Zrsr1 (G) and Zrsr2 (H) genotyping of isolated
hepatocytes (Hep) and hepatic nonparenchymal cells (Npc) from the livers of
CTR and ZLKO mice. The data are presented as the mean £+ SEM. **p < 0.01,
***p < 0.001 by two-tailed unpaired Student’s t-test (A).
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Figure S2. Metabolic phenotypes of Zrsr1 and Zrsr2 double-deficient mice

after chow-diet feeding.

(A) Body weights (left) and percentage of liver weights (right) of CTR (n=8) and

ZLKO (n=6) mice after chow diet feeding for 1 week. (B) Liver (left) and plasma

(right) cholesterol contents in CTR and ZLKO mice on chow diet. (C-D) Plasma

glucose (C) and insulin (D) levels in liver tissues from CTR and ZLKO mice. (E)
GTT and ITT assay in the CTR (n=8) and ZLKO (n=6) mice after chow diet
feeding. The data are presented as the mean + SEM. *p<0.05, **p < 0.01, ***p <
0.001 by two-tailed unpaired Student’s t-test (A-D), by two-way ANOVA with

multiple comparisons (E).
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Figure S3. Metabolic and thermogenic phenotypes of Zrsr1 and Zrsr2
double-deficient mice in obese and lean conditions.

(A) Percentage of tissue weights of CTR (n=7) and ZLKO (n=6) mice fed high-fat
diet (HFD) for 10 weeks. (B) Plasma (left) and liver (right) cholesterol contents in
CTR and ZLKO mice after HFD feeding. (C-D) Plasma non-esterified fatty acid
(NEFA, C) and B-hydroxybutyrate levels (D) in CTR and ZLKO mice after HFD
feeding. (E) Food intake of CTR and ZLKO mice after HFD feeding. (F-G)
Plasma glucose (F) and insulin (G) levels in the livers of CTR and ZLKO mice fed
HFD. (H) GTT and ITT assays in the CTR and ZLKO mice after HFD feeding. (I-
J) QPCR analysis of the expression of thermogenic genes in the BAT (l) and
eWAT (J) of CTR and ZLKO mice after HFD feeding. (K) Body weights curve of
CTR (n=8) and ZLKO (n=6) mice fed low-fat diet (LFD) for 10 weeks. (L-M)
QPCR analysis of the expression of thermogenic genes in the BAT (L) and
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eWAT (M) of CTR and ZLKO mice after LFD feeding. The data are presented as
the mean + SEM. *p<0.05, **p < 0.01 by two-tailed unpaired Student’s t-test (A-
G, I-J, and L-M), by two-way ANOVA with multiple comparisons (H and K).
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Figure S4. The expression profile and enriched pathways of differential
expressed genes in ZLKO mice compared to CTR after chow-diet feeding
and the quantification of ZRSR1 and ZRSR2 and cleaved SREBP1c levels.
(A) Heatmap showing significant upregulated and downregulated >1.4-fold genes
in the livers of ZLKO (n=4) livers compared to those in CTR (n=4) after chow-diet
feeding for 1 week. (B) Gene Ontology analysis showing enriched pathways
associated with genes downregulated in ZLKO mice on chow diet. (C) The
relative density of the western blot bands of ZRSR1 and ZRSR2 that is
normalized to HSP9O0, related to Figure 2F. (D) The relative density of the
western blot bands of cleaved SREBP1c that is normalized to HSP9O0, related to
Figure 2I. The data are presented as the mean + SEM. *p<0.05 by two-tailed
unpaired Student’s t-test (C-D).
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Figure S5. Metabolic phenotypes of Zrsr1 and Zrsr2 double-deficient mice
upon LXR suppression or activation.
(A) Diagram of the study design. (B) QPCR analysis of lipogenesis-associated
genes in the livers of wild-type mice receiving oral gavage of vehicle (Veh, n=4)
or 20 mg/kg/day SR9238 (SR, n=4) for 4 days. (C) Body weights and percentage
of liver weights of CTR (n=4) and ZLKO (n=4) mice after SR treatment for 4 days.
(D-E) Plasma (D) and liver (E) triglyceride (TG) and cholesterol contents of CTR
and ZLKO mice after SR treatment. (F) Hematoxylin and eosin (H&E) staining
and Oil Red O staining (scale bar=100 um) of livers from CTR and ZLKO mice
after SR treatment. (G) QPCR analysis of lipogenesis-associated genes in the
livers of CTR and ZLKO mice after SR treatment. (H) Western blot analyses of
liver lysates from CTR and ZLKO mice after SR treatment. (I) QPCR analysis of
lipogenesis-associated genes in the livers of wild type mice receiving oral gavage
of vehicle (Veh, n=4) or 25 mg/kg/day T0901317 (T1317, n=4) for 4 days.
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(J) Body weights and percentages of liver weights of CTR (n=4) and ZLKO (n=4)
mice after T1317 treatment. (K) Plasma (left) and liver (right) cholesterol contents
of CTR and ZLKO mice after T1317 treatment. The data are presented as the
mean + SEM. *p<0.05, **p < 0.01, ***p < 0.001 by two-tailed unpaired

Student’s t-test (B-E, G, and I-K).
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Figure S6. A diagram depicting the minor intron retention of Insig7 and
Insig2 and depletion of Zrsr1 and Zrsr2 in primary hepatocytes induces de
novo lipogenic gene expression and minor intron retention of Insig1 and
Insig2.

(A) Diagram depicting the minor intron retention of /nsig7 and Insig2 genes in the
livers of ZLKO mice results in the early termination of translation of Insig1 and
Insig2. (B) QPCR analysis of minor (U12) intron expression of Insig1 and Insig2
and the mRNA levels of wild-type (WT) Insig1 and Insig2 in primary hepatocytes
(n=3) isolated from CTR and ZLKO livers treated with vehicle (Veh) or T0901317
(T1317, 5 uM) for 24 h. (C) QPCR analysis of lipogenic genes in primary
hepatocytes (n=3) isolated from CTR and ZLKO livers treated with Veh or T1317
(5 M) for 24 h. The data in B-C are presented as the means £ SEM. *p<0.05,
**p < 0.01, ***p < 0.001, two-tailed unpaired Student’s t-test.
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Figure S7. The quantification of IDH1 level and metabolic phenotypes after
clearance of hepatic ammonia and inhibition of IDH1 activity in Zrsr1 and
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Zrsr2 double-deficient mice upon LXR activation.

(A) The relative density of the western blot bands of IDH1 that is normalized to
HSP90, related to Figure 40. (B-C) Body weights (B) and percentage of liver
weights (C) of ZLKO mice daily injected with saline (n=4) or 2 g/kg L-ornithine-
aspartate (LOLA, n=4) for 17 days and then combined with an oral administration
of T0901317 (T1317, 25mg/kg/day) for 4 days. (D-E) Plasma and liver
triglyceride (TG) (D) and cholesterol (E) levels in Veh- and LOLA-treated ZLKO
mice combined with T1317 treatment. (F) Plasma ALT and AST levels in Veh-
and LOLA-treated ZLKO mice combined with T1317 treatment. (G-H) QPCR
analysis of hepatic genes involved in lipogenesis and inflammation in Veh- and
LOLA-treated ZLKO mice combined with T1317 treatment. (I-J) Body weights (I)
and percentage of liver weights (J) of ZLKO mice intraperitoneally injected with
Veh (n=4) or GSK864 (75 mg/kg/day, n=5) combined with an oral administration
of T1317 (25 mg/kg/day) for 4 days. (K) Plasma and liver cholesterol content in
Veh- and GSK864-treated ZLKO mice combined with T1317 treatment. (L)
Immunoblotting of liver lysates from Veh- and GSK864-treated ZLKO mice
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combined with T1317 treatment. The data are presented as the means £+ SEM.
*p<0.05, **p < 0.01 by two-tailed unpaired Student’s t-test (A-K).
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splicing activity or suppressing IDH1-ammonia axis upon MASH diet
feeding and the quantification of IDH1 level

(A-B) QPCR analysis of minor (U12) introns in Insig1 and Insig2 (A) and the
MRNA levels of wild type (WT) Insig1 and Insig2 (B) in the livers of mice injected
with AAV-TBG-GFP (GFP, n=7) or AAV-TBG-Zrsr1 (Zrsr1, n=8) after CDA-HFD
(MASH diet) feeding for 8 weeks. (C-E) Body weights (C), blood glucose level (D)
and percentage of tissue weights (E) were measured in GFP- and Zrsr1-
expressing mice. (G) The relative density of the western blot bands of IDH1 that
is normalized to HSP9O0, related to Figure 6F. (F) Plasma (left) and liver (right)
cholesterol content in GFP- and Zrsr1-expressing mice. (H) Body weights (left)
and percentage of liver weights (right) in wild type mice daily gavaged with saline
(n=6) or 2 g/kg L-ornithine-aspartate (LOLA, n=6) and both fed on MASH diet for
8 weeks. (1) Plasma (left) and liver (right) cholesterol content in Veh- and LOLA-
treated wild type mice after MASH diet feeding. (J) Body weights (left) and
percentage of liver weights (right) in wild type mice daily intraperitoneally injected
with vehicle (Veh, n=6) or 75 mg/kg GSK864 (n=5) and both fed on MASH diet
for 8 weeks. (K) Plasma (left) and liver (right) cholesterol content in Veh- and
GSK864-treated wild type mice after MASH diet feeding. The data are presented
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as the mean = SEM. *p<0.05, **p < 0.01, ***p < 0.001, two-tailed unpaired
Student’s t-test (A-K).
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Table S1. Clinical characteristics of the healthy individuals and MASH

patients
Healthy Gender Age(year) NAS
individuals#
1 Male 26 0
2 Female 30 0
3 Female 29 0
4 Female 34 0
5 Female 31 0
6 Male 27 0
7 Female 29 0
8 Male 31 0
MASH Gender Age ALT AST TG TCHO NAS
Patients (year) (U/L) (U/L) (mmol/L) (mmol/L)
#
1 Female 61 42 25 2.57 6.08 5
2 Female 58 59 42 6.07 6 6
3 Female 65 24 22 3.97 4.26 6
4 Male 27 194 89 5.16 7.33 4
5 Male 33 26 10 1.25 417 5
6 Male 38 22 20 1.57 4.63 4




Table S2. U12 intron reads in U12 intron-containing genes of CTR and ZLKO mice

GENE ID NAME CTR1 CTR2 CTR3 CTR4 ZLKO1ZLKO2ZLKOS3ZLKO4
ENSMUSG00000047879  Uspl4 0 0 0 0 24 24 22 20
ENSMUSG00000062234  Gak 0 0 0 0 25 27 31 30
ENSMUSG00000032220  Myole 0 0 0 0 111 97 124 94
ENSMUSG00000063358  Mapk1l 0 0 0 0 151 107 156 141
ENSMUSG00000031242  Chmp1lb?2 0 0 0 0 160 114 162 135
ENSMUSG00000024231  Cul2 0 0 0 0 327 250 372 351
ENSMUSG00000055067  Smyd3 0 0 0 0 36 29 47 39
ENSMUSG00000039100  Marchf6 0 0 0 0 19 22 15 25
ENSMUSG00000051177  Plcbl 0 0 0 0 8 13 8 9
ENSMUSG00000004865  Srpkl 0 0 0 0 81 43 80 76
ENSMUSG00000029387  Gtf2h3 0 0 0 0 38 22 40 27
ENSMUSG00000040264  Gbp2b 0 0 0 0 8 6 9 12
ENSMUSG00000001173  Ocrl 0 0 0 0 14 9 7 11
ENSMUSG00000024095  Hnrnpll 0 0 0 0 35 22 17 26
ENSMUSG00000022443  Myh9 0 0 0 0 6 5 10 8
ENSMUSG00000038095  Sbnol 0 0 0 0 16 9 18 11
ENSMUSG00000026187  Xrcch 0 0 0 0 10 7 12 6
ENSMUSG00000038417  Fig4 0 0 0 0 6 6 7 3
ENSMUSG00000030982  Vps35I 0 0 0 0 61 45 59 28
ENSMUSG00000059273  Zc3h4 0 0 0 0 5 3 7 6
ENSMUSG00000028318  Polrle 0 0 0 0 6 4 8 4
ENSMUSG00000079317  Trappc2 0 0 0 0 5 8 5 10
ENSMUSG00000005899  Smpd4 0 0 0 0 18 7 15 17
ENSMUSG00000042590  Ipoll 0 0 0 0 4 5 2 5
ENSMUSG00000009470  Tnpol 0 0 0 0 13 13 12 24
ENSMUSG00000033396  Spgl1l 0 0 0 0 22 9 13 15
ENSMUSG00000044447  Dock5 0 0 0 0 6 10 9 4
ENSMUSG00000035704  Alg8 0 0 0 0 1 2 2 1
ENSMUSG00000031095  Cul4b 0 0 0 0 2 4 2 4
ENSMUSG00000040325  Dcafl 0 0 0 0 2 2 4 2
ENSMUSG00000033382  Trappc8 0 0 0 0 9 3 7 6
ENSMUSG00000079362  Gm43302 0 0 0 0 16 6 17 11
ENSMUSG00000026585  Kifap3 0 0 0 0 3 3 1 2
ENSMUSG00000046873  Mbtps?2 0 0 0 0 11 6 13 5
ENSMUSG00000002413  Braf 0 0 0 0 5 4 8 11
ENSMUSG00000020895  Tmem107 0 0 0 0 7 2 5 4
ENSMUSG00000000028  Cdc45 0 0 0 0 4 4 3 1
ENSMUSG00000025188  Hpsl 0 0 0 0 8 9 4 3
ENSMUSG00000073792  Alg6 0 0 0 0 8 3 5 3
ENSMUSG00000052798  Nupl07 0 0 0 0 5 9 11 3
ENSMUSG00000022960  Donson 0 0 0 0 1 2 1 3
ENSMUSG00000073733  Cplane2 0 0 0 0 1 2 4 2
ENSMUSG00000060681  Slc9a6 0 0 0 0 9 3 3 9
ENSMUSG00000029407  Usol 0 0 0 0 2 6 8 13
ENSMUSG00000022558  Mrohl 0 0 0 0 6 1 3 3
ENSMUSGO00000017765  Slcl2a4 0 0 0 0 9 3 2 5
ENSMUSG00000015968  Cacnald 0 0 0 0 0 1 1 1
ENSMUSG00000022537  Tmem44 0 0 0 0 1 1 0 1
ENSMUSG00000063870  Chd4 0 0 0 0 9 8 22 4
ENSMUSG00000010825  Grid2ip 0 0 0 0 2 2 1 0
ENSMUSG00000034438  Gbp8 0 0 0 0 2 0 2 1
ENSMUSG00000041879  Ipo9 0 0 0 0 1 0 2 1
ENSMUSG00000079363  Gbp4 0 0 0 0 1 2 1 0
ENSMUSG00000024066 ~ Xdh 0 1 0 0 142 88 129 112
ENSMUSG00000026353  Ubxn4 1 1 2 1 446 320 472 448
ENSMUSG00000028270  Gbp2 0 1 0 0 85 68 69 52
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ENSMUSG00000057182
ENSMUSG00000060212
ENSMUSG00000060268
ENSMUSG00000061462
ENSMUSG00000064329
ENSMUSG00000068117
ENSMUSG00000069189
ENSMUSG00000072295
ENSMUSG00000075316
ENSMUSG00000075318
ENSMUSG00000078490
ENSMUSG00000078998

Cacnals
Cacnals
Slc12a6
Spagl7
Slc44a5
Plch2
Ppp2r2c
Actl6b
Plcz1l
Rasgrp4
Slc9a9
Ctag?2
Capn9
Scnba
Traip
4930590J0
Scnlla
Scnl0a
Cacnala
Cacnala
Scn7a
Plchl
Slc9a7
Vash?2
Vash?2
Aox4
Atg9b
Catsperl
Capn8
Dock3
Hipl
Cacna2dl
Matnl
Ranbpl7
Esrpl
Cacna2d4
Cibar2
Hfm1
Capnl3
Mapk10
Wdr27
Cfap46
Cacnalc
Cacnalc
Spagl6
Lrguk
Scn3a
Pcnx?2
Armhl
Obscn
Scnla
Meil
Zdhhcll
C2cdb6
Scn9a
Scn?a
Cfap74
Bpifab

eleololololololololololololoholololololololololololololololololololololololololololololololololololNololololeNeNeNoNeo)

eleololololololololololololoholololololololololololololololololololololololololololololololololololololololoNeNeNoNeo)

eleololololololololololololohololololololololololololololololololololoNolololololololololololololoNolololololeNeNeNe)

eleolololNoloNololololololololololololololololololololololololololololoNolololololololololololololoNololoNoloNeNoNeNe)

eleololololololololololololohololololololololololololololololololololoNolololololololololololololoNololololoNeNeNeNe)

eololololoolololololoholololololololololololololololololololololololololololololololololololololololololoNoNoNoNoNe]

eololololololololololohohololololololololololololololololololololololololololololololololololololololololoNoNoNoNoNe]

eololololoolololololohohololololololololololololololololololololololololololololololololololololololololoNoNoNoNoNeo]



ENSMUSG00000079532
ENSMUSG00000079536
ENSMUSG00000079554
ENSMUSG00000082590
ENSMUSG00000083981
ENSMUSG00000085330
ENSMUSG00000086487
ENSMUSG00000086631
ENSMUSG00000087341
ENSMUSG00000087374
ENSMUSG00000090817
ENSMUSG00000095388
ENSMUSG00000099419
ENSMUSG00000102123
ENSMUSG00000105317
ENSMUSG00000107153
ENSMUSG00000110717
ENSMUSG00000111550
ENSMUSG00000114958
ENSMUSG00000115221
ENSMUSG00000040594

Ctag2I2
Ctag2l1
Aox2
Gm14943
Gm15363
Gm13417
Gm11638
Gm12784
0610040FC
Gm15457
Hsd3b9
Hsd3b8
1700001Dt
Gm4319
Gbp2-ps
Gm38404
1700047Gl
Gm40623
Gm48612
Gm49121
Ranbpl7

cleolololNololololololololololololeNeNeNoNo)

cleolololNololololololololololololeNeNeNoNeo)

ecleolololNololNolololololoNololololoNeNeNoNeo)

cleololoNoloNolololololoNololololoNeNeNoNeo)

alelololololololololololololololoNeNoNeNeo)

mNeololololololololololololololoNoNoNoNoNo)

mNeololololololololololololololoNoNoNoNoNo)

mleololololololololololololololoNoNoNoNoNo)




Table S3. Primer sequences for qPCR

Fu YK et al.

Primer Forward (5-3") Reverse (5-3)

mSREBP1c  ATCGGCGCGGAAGCTGTCGG GGGAAGTCACTGTCTTGGTTG
mSREBP2 TCAGCACCGCTCCGCAGACGAG TACCGTCTGCACCTGCTGCTGG
mChREBP GGGACAAGATCCGGCTGAA GCTCTTCCTCCGTTGCACAT
mScd1 GCTGGAGTACGTCTGGAGGAA TCCCGAAGAGGCAGGTGTAG
mFasn GGTTACACTGTGCTAGGTGTTG  TCCAGGCGCATGAGGCTCAGC
mDgat2 GCGCTACTTCCGAGACTACTT GGGCCTTATGCCAGGAAACT
mFsp27 TCGACCTGTACAAGCTGAACCCT AGGTGCCAAGCAGCATGTGACC
mZrsr1 CGGTGGAAGGTTGCAATTTG CACCGCTACGGCGGACGCTACGGCG
mEhhadh CAGATGAAGCACTCAAGCTTG ACCTTGGCAATGGCTTCTGCA
mHmgcs2 GACATCAACTCCCTGTGCCTG GATGTCAGTGTTGCCTGAATC
mCcl2 AGGTCCCTGTCATGCTTCTG TCTGGACCCATTCCTTCTTG
mCcl5 TGCCCACGTCAAGGAGTATTT TTCTCTGGGTTGGCACACACT
mIL6 AGTTGCCTTCTTGGGACTGA TCCACGATTTCCCAGAGAAC
mIL1[3 GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
mTNFa CAGGCGGTGCCTATGTCTC CGATCACCCCGAAGTTCAGTAG
mPpara GCAGTGCCCTGAACATCGA CGCCGAAAGAAGCCCTTAC
mPpary GAAAGACAACGGACAAATCACC GGGGGTGATATGTTTGAACTTG
mLxra AGGCTCAAGCCACTTCGGTGTC AGAAGGAGCGCCTGTTACACTG
mCol1a1 AAGAGGCGAGAGAGGTTTCC AGAACCATCAGCACCTTTGG
mCol1a2 GTAACTTCGTGCCTAGCAACA CCTTTGTCAGAATACTGAGCAGC

mCol3a1

CTGTAACATGGAAACTGGGGAAA

CCATAGCTGAACTGAAAACCACC



mCol5a2
mCol5a3
mCol6a1
mCol6a2
mCol6a3
mFL-Insig1
mFL-Insig2
minsig1-U12
mlinsig2-U12
mIDH1
mIDH2
mApO

18s
hZRSR2
hU12-Insig1

hU12-Insig2

ACAGGTGAAGTGGGATTCTCA

CGGGGTACTCCTGGTCCTAC

CTGCTGCTACAAGCCTGCT

AAGGCCCCATTGGATTCCC

GCTGCGGAATCACTTTGTGC

CTAGTGCTCTTCTCATTTGGCG

AGAGTGGTCCAGTGTCATGC

TTTCTGTGCTACGTCCAGAGT

AAGGACCTTGAGGGAGTTGC

AGTCGCCCAAGGTTATGGC

ATTTTGTGGTAGATCGAGCTGG

GAAACTGCTGCCTCACATCCG

AGCCCCTGCCCTTTGTACACA

AAACGAAAGAAACGTCGGCA

GACTCAGTGATGGCAGGGAG

AGTGGTCAGGAGGGCTTAAA

Fu YK et al.

CCATAGCACCCATTGGACCA

GCATCCCTACTTCCCCCTTG

CCCCATAAGGTTTCAGCCTCA

CTCCCTTCCGACCATCCGAT

CACCTTGACACCTTTCTGGGT

AGGGATACAGTAAACCGACAACA

CAGCCAGTGTGAGGGAAAAC

GGGTAGGTACCACCATCATGT

TTGCAACGAAGCCATTTCCC

TGCTTCTACCGTCTTACCATCT

CCTCCGGCAGGGAAGTTATAC

GCTGGCACAGTGACCTCACACG

CGATCCGAGGGCCTCACTA

AGATCACACCACTGCACTCCAG

CCACAAGGGTTAAAAACATGGGT

CACAGTTTTGAGGTTCCTGGG
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