Supplemental Text

Transcription activity of genes with accessible promoters during minor phase of ZGA
To investigate the quantitative association between chromatin accessibility and transcription activity at the minor phase of ZGA, we ranked all genes according to the level of chromatin accessibility at the promoters and performed a gene set enrichment analysis (GSEA) (Subramanian et al. 2005) by treating the genes with over 500 CAGE reads around their TSS (TSS ± 50bp, 811 genes) and the reported early ZGA genes (993 genes) (Heyn et al. 2014) as two separate gene sets. We observed that genes with higher levels of chromatin accessibility at their promoters were significantly enriched for both gene sets (Fig. 1D, E), indicating that chromatin accessibility at the minor phase of ZGA had a clear association with the transcription activity. A previous report suggested that the short cell cycle during the minor phase of ZGA may only allow the formation of short transcripts (Heyn et al. 2014). As expected, most of these genes were much longer than the reported early ZGA genes (Supplemental Fig. S2C). Taken together, only a small number of genes have accessible chromatin at their promoters during the minor phase of ZGA, and such accessibility is closely related to transcription activity.

Supplemental Methods

ATAC-seq
[bookmark: _GoBack]Embryos at each stage were harvested and washed 3 times with ice-cold PBS. The embryos were resuspended in cold lysis buffer (10 mM Tris-HCL, pH 7.4, 10 mM NaCl, 3 mM MgCl2, 0.1% IGEPAL CA-630), lysed by pipetting up and down 5-10 times using a wide pipet, and kept on ice for 5 minutes. The isolated nuclei were then pelleted and resuspended in transposition reactions (25 μl 2 × TD Buffer, 2.5 μl Tn5 transposases, 22.5 μl Nuclease-Free H2O) for 30 minutes at 37℃ and then purified using the Qiagen MinElute Kit (Qiagen, 28004). PCR was performed to yield the libraries by adding different barcodes with NEBNext High-Fidelity 2 × PCR Master Mix (NEB, #M0541), and the PCR conditions were as follows: 72℃ for 5 min and 98℃ for 30 s, followed by 15 cycles at 98℃ for 10 s, 63℃ for 30 s, and 72℃ for 1 min, with a final hold at 4℃. The libraries were then purified with Agencourt AMPure XP beads (Beckman Coulter Genomics, p/n A63881) and sequenced by Illumina HiSeq X Ten sequencing.

All sequenced reads were cut to 40 bp from the 3’ end and mapped to the zebrafish genome. The reads were then filtered as follows: only the reads that aligned concordantly to the nuclear DNA with MAPQ ≥ 30 were kept; the duplicate read pairs that aligned to the same location in the genome were collapsed into one. For ATAC-seq data, reads pairs with fragment length ≤ 100 bp were considered to provide nucleosome-free (i.e. accessible chromatin) signals (Buenrostro et al. 2013). Therefore, we only used reads pairs with fragment length ≤ 100 bp as effective fragments for the following analysis. For each effective fragment, one read was randomly selected, extended to 50 bp. The bigwig file for each replicate was obtained by piling-up the extended reads using genomeCoverageBed (version 2.20.1) (Quinlan and Hall 2010) and bedGraphToBigWig (Kent et al. 2010) with normalization to 1 M reads. Next, we divided the zebrafish genome into 5-kb windows, and calculated the summed signal in each window. Pearson correlation was calculated between replicates. Then, we combined replicates from each stage for the analysis and perform peak calling.

DNase I TUNEL assay
Embryos at each stage were transferred to agar coated dishes (2% agar in Embryo Medium), and chorions were removed by immersing embryos in a 37℃ heated pronase (2mg/ml in Embryo Medium) for 10min, RT. Embryos washed three times with PBS and transferred into a sterile centrifuge tube. Supernatant was removed carefully. DNase I digestion was performed by reported protocol (Jin et al. 2015) with some modifications. Embryos were treated with 150µl lysis buffer (10mM Tris-HCl, pH 7.5, 10mM NaCl, 3mM MgCl2 + 0.1% Triton X-100), kept on ice for 2 min. After digested with 8.3U DNase I (Roche, 04716728001) at 37℃ for 5min, embryos were fixed for 10 min with 2% PFA/PBS and centrifuged at 500 g for 5 min. Resuspended cells were coated to pre-cold polysine slides (Thermo scientific, P4981), dried at 50℃ for 5-10min. TUNEL assays were performed using DeadEndTM Fluorometric TUNEL System (Promega, G3250) according to the manufacturer’s instructions. The nuclei were dyed with DAPI (ProLong™ Gold Antifade Mountant with DAPI, Invitrogen, P36931). Blue and green fluorescence were detected by confocal fluorescence microscopy (Leica, TCS SP5 II). Embryos in control group were collected at oblong stage and preformed the same procedure without DNase I digestion.

MNase-seq data analysis
MNase-seq data were collected from GEO with accessions GSM1081552 and GSM1081554. MNase-seq data were processed as previous described (Zhang et al. 2014).

ChIP-seq data analysis
ChIP-seq data were collected from GEO with accession GSE34684 (Xu et al. 2012) and GSE39780 (Leichsenring et al. 2013). ChIP-seq data were mapped back to the zebrafish genome (zv9 assembly) using Bowtie (version 2.2.3) (Langmead and Salzberg 2012) with default parameters. Only the reads with MAPQ ≥ 30 were kept for the following analysis. Peak calling was performed using MACS (version 2.0.10.20131028) (Zhang et al. 2008) with the following parameters: –g 1.4e9 –B --SPMR –q 0.01. Bigwig files were generated using genomeCoverageBed (version 2.20.1) (Quinlan and Hall 2010) and bedGraphToBigWig (Kent et al. 2010) with normalization to 1 M reads.

Expression data analysis
RNA-seq data were collected from GEO with accessions GSE32898 (Pauli et al. 2012), GSM1289382 (Zhang et al. 2014) and GSM1531258 (Rabani et al. 2014). Reads were mapped back to the zebrafish genome (zv9 assembly) using TopHat (version 2.0.12) (Kim et al. 2013). Expression levels were quantified to FPKM using Cufflinks (version 2.2.1) (Trapnell et al. 2010). CAGE data were obtained from http://promshift.genereg.net/zebrafish/ (Haberle et al. 2014).

DNA methylation data analysis
WGBS data were collected from GEO with accessions GSE44075 (Jiang et al. 2013) and GSE68087 (Bogdanovic et al. 2016). All reads were mapped back to the zebrafish genome (zv9 assembly) using BSMAP (version 2.7.4) (Xi and Li 2009) with parameter –R. Methylation levels for each cytosine were generated by mCall (version 1.3.2) (Sun et al. 2014). The DNA methylation level for each region was determined using the average methylation level of the CpGs in the region with sequencing depth ≥ 10. The unmethylated CpGs were defined as a methylation level ≤ 0.2.

Prediction of the ATAC-seq peak summit location at promoters
Promoters with one newly accessible regions at either 1k-cell or oblong stages were used for calculating prediction power. For each promoter, we divided it into 20 bins (with length 200 bp for each bin) and obtained the DNA methylation level and unmethylated CpG number in each bin. When the ATAC-seq peak summit was located in the same bin (or in the most adjacent bin) that had the lowest methylation level or highest unmethylated CpG number among the 20 bins, we regarded this promoter as a successful case for the prediction of the ATAC-seq peak summit based on the DNA methylation level or unmethylated CpG number.

GO analysis
Functional annotation clustering was performed using the Database for Annotation, Visualization and Integrated Discovery (DAVID) Bioinformatics Resource (version 6.8) (Huang da et al. 2009b; Huang da et al. 2009a). Terms for each GO functional cluster were filtered with an enrichment score > 3 and summarized using a representative term.

Genome browser
The genome browser view was performed using the UCSC genome browser (Kent et al. 2002; Raney et al. 2014) and visualized with smoothing with a mean of 5 pixels.
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