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Figure S1
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Figure S1. Lipid identification in porcine oocytes and early embryos. (A) Heatmap showing the correlation analysis of lipidomic data from quality control (QC) samples collected at seven different injection time points. (B) Violin plot illustrating the relative standard deviation (RSD) values for 559 lipid species with QC_RSD < 0.3. (C) Bar plot showing the types and quantities of the 559 identified lipids. GL, glycerolipid; SL, sphingolipid; GP, glycerophospholipid. (D) Venn diagram illustrating the selection of differentially enriched lipids with false discovery rate (FDR) < 0.05 and variable importance projection (VIP) > 1. (E) Bar plots showing the Lipid Ontology (LION) enrichment analysis of five lipid clusters defined in Figure 1 (C).




























Figure S2
[image: FigS2 V3-01]
Figure S2. Fatty acyl chain length and saturation of lipids in porcine oocytes and early embryos. (A-B) Pie charts depicting the percentage of  lipids with different fatty acyl chain length (A) and saturation feature (B) in porcine oocytes and early embryos. Classification of fatty acyl chain length (carbon atom number, n): short (n < 16), long (n = 16-21), and very long (n = > 22); classification of fatty acyl saturation (double bond number, n): saturated (n = 0), mono/di-unsaturated (n = 1-2), and polyunsaturated (n > 3).

Figure S3
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[bookmark: _Hlk203980797][bookmark: _Hlk203981102]Figure S3. Comparative lipidomic analysis between lipid-rich porcine embryos and lipid-poor mouse and human embryos. (A) Heatmaps showing the normalized lipid abundance in porcine and mouse embryos. Lipidomic data for mouse early embryos are from1. (B-C) Dot plot showing the quantification of BODIPY 493/503 fluorescence intensity in porcine (B) or mouse (C) early embryos. (D) Heatmaps showing the dynamics with average transcriptional levels for the genes derived from Gene Ontology (GO) terms related lipid metabolic pathways in porcine, mouse and human oocytes and early embryos. Transcriptome data for mouse and human are from2,3. (E) Line plots showing the translational and transcriptional levels of ATGL and HSL in porcine, mouse, and human early embryos. Translatome and transcriptome data for mouse and human are from 2,3. (F) Dot plot showing the quantification of BODIPY 493/503 fluorescence intensity in porcine and mouse blastocysts from the control and treatment groups. (G) Bar plots showing the relative abundance of TG and DG in the control and HSL-IN-3-treated porcine morulae. Data are shown as mean ± standard deviation (SD) with Dunn’s test in (F), and with two-tailed Student’s t-test in (G).

























Figure S4
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Figure S4. Differentially enriched lipid species during porcine oocyte maturation. (A-C) Heatmaps showing the abundance of GP (A), ether-linked GP (B), and SL (C) in porcine GV and MII oocytes. 




Figure S5
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[bookmark: OLE_LINK1]Figure S5. Lipid metabolic pathway and the expression levels of metabolic enzymes during porcine oocyte maturation. (A-B) Schematic diagrams of GP (A) and SL (B) metabolic pathways during porcine oocyte maturation, derived from lipidomic and translatome data. Red and blue indicate lipids or enzymes that are increased or decreased during porcine oocyte maturation, respectively. Gray indicates lipids or enzymes that are undetected or unchanged. (C-E) Bar plots showing the translational levels of enzymes involved in GL (C), GP (D), and SL (E) metabolism in porcine oocytes. (F) Bar plots showing the translational and transcriptional levels of ATGL and HSL in mouse and human oocytes. Translatome and transcriptome data for mouse and human are from 2,3. (G) Bar plot showing the relative abundance of TG in the control and treatment MII oocytes. Data are shown as mean ± SD with Dunn’s test.



























Figure S6
[image: FigS6 V3-01]
Figure S6. ATGL and HSL overexpression improves porcine oocytes maturation. (A) Principal Components Analysis (PCA) of lipidomic data among porcine GV, MII, and immature (IM) oocytes. (B-C) Heatmaps showing the abundance of upregulated (B) and downregulated (C) lipids from GV to MII oocytes. The abundance of these lipids in IM oocytes is also shown. (D) Schematic diagram of ATGL mRNA (oeATGL) and HSL mRNA (oeHSL) injection during porcine oocyte maturation. (E) Microscopy images showing the first polar body (Pb1) extrusion in the control and treatment groups. The left side represents IM oocytes and the right side represents MII oocytes. Scale bar, 200 μm. (F) Bar plot showing the Pb1 extrusion rate in the control and treatment groups. (G) BODIPY 493/503 staining of porcine MII oocytes in the control and treatment groups. Scale bar, 50 μm. (H) Dot plot showing the quantification of BODIPY 493/503 fluorescence intensity in the control and treatment groups. n represents the total number of oocytes analyzed from three independent experiments. Data are shown as mean ± SD with Dunn's test in (F) (H).

























Figure S7
[image: FigS7 V3-01]
Figure S7. PI signaling pathway is specifically activated during porcine oocyte maturation. (A-G) Bar plots showing the translational levels of enzymes involved in PI signaling pathway during porcine oocytes maturation. (H) Heatmap showing the translational levels of enzymes involved in the PI-PI4P signaling pathway during porcine, mouse, and human oocyte maturation. Translatome data for mouse and human are from 2,3. (I-K) Representative immunostaining images (Left) of meiotic spindle and chromosomes (I), cortical granule (CG) distribution (J), and mitochondrial distribution (K) in the control, oeCDIPT, and siPI4K2B + MI 14 groups. Bar plots (Right) showing the abnormal percentage of meiotic spindle and chromosomes, CG distribution, and mitochondrial distribution in the control, oeCDIPT, and siPI4K2B + MI 14 groups. n represents the total number of oocytes analyzed from three independent experiments. Data are shown as mean ± SD with Dunn's test in (I-K).
Figure S8
[image: FigS8 V3-01]
Figure S8. Differentially enriched lipid species during porcine early embryonic development. (A-D) Heatmaps showing the abundance of partial GP (A), ether-linked GP (B), glycosphingolipid (GSL) (C), and sphingomyelin (SM) (D) in porcine early embryos. * Indicates GPs containing polyunsaturated fatty acids. ** Indicates GPs containing arachidonic acid.



Figure S9
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Figure S9. Dynamic changes of lipid metabolic enzymes during porcine early embryonic development. (A-C) Line plots showing the translational and transcriptional levels of enzymes involved in GL (A), GP (B), and SL (C) metabolism in porcine early embryos.




Figure S10
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Figure S10. AGPAT5 knockdown leads to decreased PA levels and impaired cell polarity establishment in porcine early embryos. (A) Heatmaps showing the translational and transcriptional levels of AGPAT family members in porcine, mouse, and human early embryos. Translatome and transcriptome data for mouse and human are from2,3. (B) Bar plot showing the AGPAT5 knockdown efficiency in porcine morulae and blastocysts. (C) Bar plot showing the relative abundance of PA in the control and siAGPAT5 morulae. (D) Heatmap and hierarchical cluster showing the Pearson correlation coefficients of RNA-seq data from the control and siAGPAT5 groups at the morula and blastocyst stages. (E) GO enrichment terms of upregulated and downregulated genes in morulae and blastocysts from comparing siAGPAT5 group to the control group. (F) Bar plots showing the transcriptional levels of the representative genes in the control and siAGPAT5 groups. (G-H) Dot plot showing the quantification of p-Ezrin and E-Cadherin fluorescence intensity in morulae (G) and blastocysts (H) from the control and siAGPAT5 groups. Data are presented as mean ± SD with two-tailed Student’s t-test in (B) (C) (G) (H).
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Figure S11
[image: FigS11 V3-01]
Figure S11. AGPAT5 knockdown affects lineage differentiation and mitochondrial function in porcine early embryos. (A) Heatmap showing the transcriptional patterns of ICM- and TE-enriched genes. Transcriptome data for in vivo porcine early embryos are from4. (B) Venn diagrams illustrating the overlap of siAGPAT5-mediated differentially expressed genes (DEGs) in morulae and blastocysts with ICM- and TE-enriched genes. (C) Dot plot showing the quantification of the total cell number per embryo in morulae and blastocysts from the control and siAGPAT5 groups, as well as the number of KLF4 positive (KLF4+) cells per blastocyst, the percentage of KLF4+ cells in each blastocyst, and the ratios of ICM to TE cells. (D) Box plots depicting the transcriptional levels of genes associated with Complex I, II, IV, V, and the TCA cycle in the control and siAGPAT5 groups. (E) Representative images of mitochondrial distribution in the control and siAGPAT5 morulae. Scale bar, 50 μm. (F) Dot plot showing the quantification of mitochondrial signals in the control and siAGPAT5 morulae. (G) Representative images of mitochondrial membrane potentials in the control and siAGPAT5 morulae. Scale bar, 50 μm. Data are presented as mean ± SD with two-tailed Student’s t-test in (C) (F).























Figure S12
[image: FigS12 V3-01]
[bookmark: OLE_LINK2]Figure S12. AGPAT5 knockdown affects histone acetylation deposition in porcine early embryos. (A-B) Representative immunostaining images (Left) of H3K27ac (A) and H3K9ac (B) in the control and siAGPAT5 moruale, with the quantification of fluorescence intensity (Right). Scale bar, 50 μm. Data are presented as mean ± SD with two-tailed Student’s t-test. (C) Scatter plots showing the Pearson correlation of histone acetylation CUT&Tag data between two biological replicates in the control and siAGPAT5 morulae. (D) Heatmaps showing the histone acetylation enrichment at the promoters of upregulated genes (n = 1,029) and downregulated genes (n = 989) in the control and siAGPAT5 morulae. (E-F) Profiles (E) and the enrichment levels (F) of histone acetylation at the promoters of upregulated and downregulated genes in the control and siAGPAT5 morulae. (G) Heatmaps showing the H3K27ac enrichment at distal regions with downregulated peaks (n = 1,220) and upregulated peaks (n = 3,018) in the control and siAGPAT5 morulae (Left). Cumulative distribution analysis showing the distances from transcription start site (TSS) of downregulated, upregulated, and all genes to the nearest distal H3K27ac peak (Right).



























Figure S13
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Figure S13. ATGL but not MGLL overexpression reduces lipid droplet enrichment in porcine blastocysts. (A) Schematic diagram of ATGL mRNA (oeATGL) and MGLL mRNA (oeMGLL) injection during porcine early embryo development. (B, F) Microscopy images showing the blastocyst formation in the control, oeATGL, and oeMGLL groups. Scale bar, 200 μm. (C, G) Bar plots showing the developmental rate of porcine embryos in the control, oeATGL, and oeMGLL groups. (D, H) BODIPY 493/503 staining of porcine blastocysts in the control, oeATGL, and oeMGLL groups. Scale bar, 50 μm. (E, I) Dot plot showing the quantification of BODIPY 493/503 fluorescence intensity in the control, oeATGL, and oeMGLL groups. n represents the total number of embryos analyzed from three independent experiments. Data are presented as mean ± SD with Dunn's test in (C) (E) (G) (I). 



























Figure S14
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Figure S14. Quality comparison of porcine blastocysts before and after vitrification and warming. (A) Bar plot showing the relative abundance of TG and DG in the control and oeHSL blastocysts. (B) Heatmap and hierarchical cluster showing the Pearson correlation coefficients of RNA-seq data from the control and oeHSL groups. (C) Volcano plot showing the DEGs between the control and oeHSL groups. (D) Immunostaining of KLF4 (green) and DNA (blue) in the control and oeHSL groups. Scale bar, 50 μm. (E) Dot plot showing the quantification of the total cell number, the number of KLF4+ cells, and the percentage of KLF4+ cells in each blastocyst in the control and oeHSL groups. (F) Representative immunostaining images of γ-H2A.X (green) and DNA (blue) in the control and oeHSL groups. Scale bar, 50 μm. (G) Percentage of γ-H2A.X positive (γ-H2A.X+) and negative (γ-H2A.X-) embryos in the control and oeHSL groups. Control group, non-injected blastocysts without vitrification; oeHSL group, mCherry-HSL mRNA-injected blastocysts after vitrification and warming. Data are presented as mean ± SD with two-tailed Student’s t-test in (A) (E). 


Figure S15
[image: FigS15 V3-01-01]
Figure S15. Post-hatching culture of porcine thawed blastocysts. (A) Survival curves showing the survival rates of the control and oeHSL hatched blastocysts at different time points during the post-hatching culture. (B) BODIPY 493/503 staining of hatched blastocysts (day 10) in the control and oeHSL groups. Scale bar, 100 µm. (C-D) Representative immunostaining images of SOX2 (green), GATA6 (red, C), and GATA3 (red, D) in the control and oeHSL groups. Scale bar, 100 µm.

Figure S16
[image: FigS15 V3-01]
Figure S16. Expression levels of desaturases and acetyl-CoA metabolic enzymes in porcine early embryos. (A) Line plots showing the translational and transcriptional levels of SCD, FADS1, and FADS2 in porcine early embryos. (B) Bar plot showing the transcriptional levels of metabolic enzymes directly or indirectly involved in acetyl-CoA synthesis between the control and siAGPAT5 morulae.
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