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Figure S1. liDNase-Seq data reproducibility and DHS examples, Related to Figure 1. (A) Scatterplot showing the correlation of 
liDNase-seq signal of two biological replicates of cumulus cells. (B) Scatterplot showing the correlation of liDNase-seq signal of two 
biological replicates of 1-cell stage SCNT embryos. (C) Genome browser view of representative liDNase-seq loci for the different 
DHS categories.  
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Figure S2. Functional and motif analysis of different DHS categories, Related to Figure 2. (A) Bar plot showing the top 10 
enriched GO terms of OO-associated genes using GREAT enrichment. (B) Bar plot showing the top 10 enriched GO terms of CO-
associated genes using GREAT enrichment. (C) TFs with binding motif enriched in the rOC DHSs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B

protein folding
DNA replication

ncRNA metabolic process
nuclear export

regulation of mitotic spindle organization
DNA-dependent DNA replication

ncRNA processing
DNA-dependent DNA replication initiation
response to topologically incorrect protein

RNA localization

0 1 2 3 4 5 6 7 8 9 10 11
11.73

8.66
7.36

6.03
5.99
5.95
5.80

5.56
5.43
5.39

GO enrichment of genes in proximity of OO DHS

-log10(Binom ial p-value)

cell junction organization
neg. regulation of phosphate metabolic process

actin filament organization
cell-cell junction organization

negative regulation of protein phosphorylation
cell junction assembly

mitochondrial transport
negative regulation of MAP kinase activity

response to cadmium ion
JAK-STAT cascade

0 2 4 6 8 10 12 14 16 18 20 22 24 26
27.05

25.11
21.25

18.70
18.36

17.37
12.91

12.28
11.10

10.56

GO enrichment of genes in proximity of OC DHS

-log10(Binom ial p-value)

de novo motifs enriched in rOC DHS
Motif

CCAA ox (NFY)

value % target

Elf1(ETS)

% background

17.56

16.98
20.23

5.51

5.59
9.23

AGC
T

AC
T
G

CG TAACGTACGTAC TGAC TGAGT
C

AGC
T

TG
C
A

T
C
A
G

CGA
T

AT
C
G

TG
C
AA
T
G
C

AGC
T

AT
G
C

GT
C
AA

G
T
C

G
A
T
C

AT
G
C

AGT
C

CT
A
G

C TA
G

CG TATC
G
A

A
T
C
G

G
C
A
T

Best match TF

C



 

 

 

Figure S3. Reprogrammed DHS are associated with loss of somatic cell transcription program and activation of ZGA genes, 
Related to Figure 3. (A)  Averaged gene expression levels of the OO and OC-associated genes (TSS±1 kb) in cumulus and 
preimplantation embryos. The p-values were calculated using the Wilcoxon rank sum test. (B) Averaged gene expression levels of the 
OC-associated genes (TSS±10 kb) in cumulus and preimplantation embryos. The p-values were calculated using the paired t-test. (C) 
Dot plot showing activation of CO-associated ZGA genes [red, FC>3, mean FPKM(2-Cell) >2] as well as the 2-Cell down regulated 
genes [blue, FC<1/3, mean FPKM(1-Cell) >2]. 
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Figure S4. DHS reprogramming in SCNT is DNA replication independent, Related to Figure 4. (A) Scatterplot showing the 
correlation of liDNase-seq signal between two biological replicates of aphidicolin-treated SCNT samples. (B) Dendrogram showing 
the clustering of DHS profiles. (C, D) Box plot showing the normalized read per kilobase million (RPKM) intensities of the OC (C) 
and CO (D) with aphidicolin treatment. The p-values were calculated using paired t-test. In (C) the p-values were equal to 0 (due to 
the machine limitation), thus we showed them as <1e-300. 
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 Sample Treatment # Total 
reads 

# Reads 
after 

trimming 

# Uniquely 
Mapped reads 

Ratio 
Mapped 

# reads after PCR 
duplicates removal 

Ratio 
Retained 

liD
N

as
e-

Se
q 

Cumulus 
Rep1 

None 66,351,339 66,190,050 11,788,242 17.81% 6,774,772 10.24% 

Cumulus 
Rep2 

None 65,038,144 64,899,520 17,283,041 26.63% 10,063,816 15.51% 

SCNT Rep1 None 63,929,455 63,824,336 24,893,889 39% 9,352,487 14.65% 
SCNT Rep2 None 61,753,526 61,613,759 8,302,330 13.47% 3,501,401 5.68% 
SCNT Rep1 Aphidicolin 57,559,043 57,531,340 13,937,720 24.23% 4,623,070 8.04% 
SCNT Rep2 Aphidicolin 51,452,039 51,416,901 8,615,459 16.76% 1,879,840 3.66% 

 
Table S4. Summary of the datasets generated in this study. Related to Figure 1 and Figure 4. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplemental Experimental Procedures 
 

Data analysis of liDNase-seq 

The single-end 100-bp reads generated from liDNase-seq were first trimmed of low quality and adapter sequences using 
trim_galore (v0.4.4) (http://www.bioinformatics.babraham.ac.uk/projects/trim_galore/). Then, reads were mapped to the mm9 
reference genome using Bowtie1 (Langmead et al., 2009) (v0.12.9) with parameters ‘-v 3 -m 1 -S -t’. Unmapped and Multi-mapped 
reads were filtered using samtools (Li et al., 2009) (v1.3.1-38-g9df6321). PCR duplicates where removed using the MarkDuplicates 
command from Picard tools (http://picard.sourceforge.net/)(v2.6.0). For each replicate, an initial list of DHS was generated using 
hotspot (John et al., 2011) (v4.1.0). The most reliable peaks between replicates were then selected using the IDR method (Li et al., 
2011) , available at https://github.com/nboley/idr (v2.0.4), with a cutoff of IDR < 0.05. Overlapping DHS detected in Cumulus, 1-Cell 
SNCT, paternal pronuclei and the SCNT+Aphidicolin samples were merged using the findOverlapsOfPeaks function of the 
R/Bioconductor package ChIPpeakAnno (Zhu et al., 2010). The number of reads mapping to each peak were calculated using the 
summarizeOverlaps function from the R/Bioconductor  GenomicAlignments  package (Lawrence et al., 2013)  then normalized to 
RPKM values. For each sample, the Pearson correlation between replicates was calculated using the peaks that had an RPKM>1 in at 
least one of the replicates. The PCA analysis was performed using all the merged peaks. 

 

ATAC-seq analysis 

The preimplantation embryos ATAC-seq data were from a previous publication (Wu et al., 2016). Raw reads were first 
trimmed using Trimmomatic (Bolger et al., 2014)(v.0.36). 4-bp sliding window was used to scan the reads and trim when the window 
mean quality dropped below 15.  The trimmed pair-end reads were then mapped to the mm9 genome using Bowtie2 (v2.2.9) with 
parameter -X 2000 --mm -1. Unmapped reads, reads with mapping quality less than 10 were removed using samtools (v1.3.1-38-
g9df6321). Reads mapping to the mitochondrial genome were discarded. PCR duplicates were removed using the MarkDuplicates 
command from Picard tools (v2.6.0). The bam files of the replicates were then merged together using samtools.  

 

RNA-seq analysis 

All of the RNA-seq data used in this study were download from public sources. Cumulus cell RNA-seq data were from a 
previous study (Matoba et al., 2014) under the GEO accession numbers GSM1426195 and GSM1426196. The mouse oocyte data 
were from the public data of a previous study (Xue et al., 2013) available under GEO accession numbers GSM1080195 and 
GSM1080196. The raw data of preimplantation embryos were from a previous study (Wu et al., 2016) under the GEO accession 
number GSE66582. The downloaded raw reads were trimmed using Trimmomatic(v.0.36) and then mapped to the mm9 genome. 
Reads with a length of at least 50-bp were mapped to the genome using STAR (Dobin et al., 2013) (v.2.5.2b) with the following 
parameters: --outSAMtype BAM SortedByCoordinate –outSAMunmapped Within –outFilterType BySJout --outSAMattributes NH 
HI AS NM MD --outFilterMultimapNmax 20 --outFilterMismatchNmax 999 --quantMode TranscriptomeSAM GeneCounts. Gene 
expression was then estimated using RSEM (Li and Dewey, 2011) given the Ensemble NCBIM37.67 transcriptome assembly. 

 

H3K9me3 ChIP-seq data analysis 

The cumulus and 2-cell embryo SCNT H3K9me3 ChIP-seq data were from a previous publication (Liu et al., 2016) under 
GEO accession numbers GSM1811770, GSM1811771, GSM1811775, and GSM1811776. Reads were trimmed using Trimmomatic 
(Bolger et al., 2014) and then mapped to the mm9 genome using Bowtie1 (Langmead et al., 2009) (v0.12.9) with parameters ‘--best --
strata --sam -m 1’. Multi-mapped and unmapped and low-quality reads were removed using samtools (Li et al., 2009) (v1.3.1-38-
g9df6321) and PCR duplicates were removed using the MarkDuplicates command from Picard tools (v2.6.0). 

 

Genomic annotation of DHS 

The Ensemble NCBIM37.67 genomic annotation was used to associate DHS peaks with the different genomic regions. 
Briefly, the makeTxDbFromGFF function from the GenomicFeatures (Lawrence et al., 2013) R/Bioconductor package was used to 
load the GTF file, then we called the annotatePeak function from the R/Bioconductor ChIPpeakAnno (Zhu et al., 2010) package for 
genomic annotation. Promoters were considered to be 1Kb from TSS and all the regions that did not fall within exons, introns, or 
UTRs were classified as distal intergenic regions. 

 



 

 

Functional enrichment analysis 

The GREAT utility (McLean et al., 2010) was used to perform functional enrichment analysis of DHS. All the functional analysis 
were performed under the “Basal plus extension” mode in which the gene regulatory domain was defined as ±10kb around the TSS 
with a distal domain up to 1Mb. Only the Gene Ontology terms or pathways with an FDR < 0.05 were considered. 

 

Motif analysis 

All the de-novo motifs in this study were detected using HOMER (Heinz et al., 2010) (v4.9) with parameters mm9 and -size 500. De-
novo motifs that had a p-value < 0.0001 and at least a two-fold enrichment between foreground and background were considered for 
downstream analysis. 

 

Heatmap generations 

The DHS peaks were extended by ±5kb from their peak center to form 10kb windows, each window was then split into 100 bin using 
the binner function from the R/Bioconductor package genomation (Akalin et al., 2015). The number in each bin were counted using 
the summarizeOverlaps function from the GenomicAlignments R/Bioconductor package (Lawrence et al., 2013). A matrix was then 
generated and displayed using the EnrichedHeatmap R/Bioconductor package (Zuguang, 2017). 

 

PCA analysis 

The DHS peaks detected in Cumulus, SCNT, SCNT+ Aphidicolin treatment and IVF(Pan) samples were merged together, their 
RPKM values were calculated in each biological replicate then the ‘prcomp’ function available in R (http://www.r-project.org/) was 
used with parameters ‘center = FALSE, scale. = FALSE’. 

 

Genomic tracks generation  

Smoothed bigwig tracks for each sample were generated using the bamCoverage utility from the deeptools suite (Ramirez et al., 2014) 
(v2.5.1) with parameters ‘--binSize 25 --extendReads 200 --normalizeUsingRPKM --outFileFormat bigwig --scaleFactor 1’.  All 
genomic track visualization was performed using IGV (Thorvaldsdottir et al., 2013). 

 

Statistical analyses  

Statistical analyses were implemented with R (http://www.r-project.org/). Pearson’s r coefficient was calculated using the ‘cor’ 
function with default parameters.  

 

Pipeline automation  

All of the RNA-seq, ChIP-seq, and ATAC-seq mapping pipelines were automated using Bpipe (Sadedin et al., 2012). 

 

Code availability 

Additional custom codes used for bioinformatics analysis are available upon request. 
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