SUPPLEMENTARY FIGURE LEGENDS
Supplementary Figure 1. Construction of the AAV donor vector carrying the Elk3 conditional allele.
(A) Schematic of the construction of the AAV donor vector containing the Elk3 conditional allele. The Elk3 genomic fragment was amplified as three overlapping fragments (5′ homology arm, middle fragment, and 3′ homology arm) using primers incorporating loxP sequences. (B) Assembly of the Elk3 conditional donor by fusion PCR. The three fragments were combined at a molar ratio of 2:1:2 (5′ homology arm: middle fragment: 3′ homology arm) to generate a ~2-kb donor fragment containing exon 2 flanked by two loxP sites for subsequent cloning into the AAV vector.

Supplementary Figure 2. Representative images of intracellular ROS fluorescence in 2-cell embryos following electroporation
Representative fluorescence images of control and electroporated (EP) 2-cell embryos stained with DCFH-DA (green) to detect intracellular ROS and DAPI (blue) to visualize nuclei. Scale bar = 20 μm. Images are representative of those used for the quantitative analysis presented in Figure 1B.
 
Supplementary Figure 3. Comparative analysis of AAV serotype-mediated transduction efficiency in mouse embryos
(A) Quantification of GFP fluorescence intensity in embryos infected with AAV1-CMV-GFP or AAV6-CMV-GFP at 24 and 48 h after AAV exposure (n = 33–50 embryos per group). Scale bar = 20 μm. GFP fluorescence intensity within the embryonic cytoplasm was quantified. Statistical analyses were performed using one-way ANOVA followed by Tukey's multiple comparison test. **; P < 0.01, ***; P < 0.001. (B) Representative bright-field and fluorescence images of embryos infected with AAV1-CMV-GFP or AAV6-CMV-GFP. Scale bar = 20 μm.

Supplementary Figure 4. Validation of cell type-specific deletion of the floxed allele by Cre-mediated recombination
(A) Breeding scheme for generating myeloid cell-specific knockout mice by crossing floxed mice with LysMCre transgenic mice. (B) Bone marrow-derived macrophages (BMDMs) were generated from bone marrow cells isolated from the indicated genotypes. Genomic PCR was performed to confirm Cre-mediated deletion of the floxed allele. (C) Breeding scheme for generating alveolar epithelial cell-specific knockout mice by crossing floxed mice with SftpcCreERT2 transgenic mice. (D) Experimental scheme for tamoxifen-induced recombination. Following tamoxifen administration, lungs were harvested, and CD45−EpCAM+ alveolar epithelial cells were isolated using MACS. Genomic PCR was performed to verify Cre-mediated deletion of the floxed allele. Created with BioRender.com.

Supplementary Figure 5. Validation of conditional allele generation at the Ppia and Syt1 loci using EP-assisted AAV donor delivery
(A) Representative PCR genotyping of genomic DNA from Ppia-targeted blastocysts to detect loxP integration at the L and R homology arms. Red arrowheads indicate PCR products containing the 40-bp loxP insertion. (B) In vitro Cre recombination assay to verify in cis integration of the two loxP sites at the Ppia locus, together with representative PCR analysis. Red arrowheads indicate the recombined PCR products. (C) Representative PCR genotyping of genomic DNA from Syt1-targeted founder mice to detect loxP integration at the L and R homology arms. Red arrowheads indicate PCR products containing the 40-bp loxP insertion. (D) In vitro Cre recombination assay to verify in cis integration of the two loxP sites at the Syt1 locus, together with representative PCR analysis. Red arrowheads indicate the recombined PCR products.

