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Fig S1. Circos plot for synteny links and gene density. We note that the small regions 

that map between different chromosomes in Osaj12 and Oazu11 are likely a result of the 

grass tetraploidy event estimated about 70-90 million years ago.  
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Fig S2. Synmap dotplot. Dotplot from which the synteny links were generated from in 

Figure S1. It shows again small region differences likely due to ancient polyploidy event.  
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Fig S3. Distribution of CNS. We show CNS distribution content in genes within 2 kilo 

base pairs of gene coding start and gene coding end (including intronic CNS). The 

mean length is 106 nucleotides per gene, or about 3 CNSs per gene.  
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Fig S4. Correlation between PRO-seq replicates. Correlation of reads per million 

(RPM) in (a) gene body regions (TSS + 300 to TES-300) and (b) in promoter regions 

(TSS-200 to TSS+200) between PRO-seq replicates 

rho = 0.91, p < 2.2e−16
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Fig S5. PRO-seq signal within and around annotated regions. (a) PRO-seq signal 

(plus and minus) within exon and intron and +/- 1Kb around. (b) PRO-seq signal 

distribution within and +/- 1 kilo base pairs (kb) around dREG peaks annotated as genic 

(left) and intergenic (right). 
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a 

 
dREG peaks 

b 

 

Size of dREG peak (bp) 

Fig S6. dREG characteristics. Distribution of genome-wide dREG scores (a) and dREG 

peak size (b). Median dREG peak size is 420 base pairs (bp).  
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c        d 
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Fig S7. Quality control of ATAC peaks. (a) Fragment length distribution in ATAC 

peaks. (b) Selection of the optimal signal cutoff for ATAC peaks. (c) ATAC signal within 

expressed genes in rice lead tissues (based on RNA-seq data) as well as 1kb upstream 

and downstream of each expressed gene. In (d) the ATAC signal is plotted for the 10% 

most expressed genes and in (e) the 10% least expressed.  
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a     All regions 

 

 

b     Intergenic 

 

 

Fig S8. Overlap analysis between dREG locations, ATAC peaks and CNSs. Overlap 

between the X-axis element and two other elements for all the genomic locations (a) and 

intergenic locations (b). For each histogram, the overlap proportion is generated based 

on dREG locations (left), CNSs (middle) and ATAC peaks (right). For total, there were a 

small number of regions overlapping all three sequence features, corresponding to 832 

CNSs (out of 96,570), 830 dREG (out of 32,424), and 921 ATAC (out of 27,772). 
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Fig S9. Percentage coverage of CNS, ATAC-seq and dREG peaks. The coverage of 

the different peaks within and around all annotated genes is shown in the rice genome. 

We counted only cases where the distance between the TSS and the first exon was less 

than 500 bp to exclude isoforms with potentially long 5’ UTRs. 
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Fig S10. Gene ontology (GO) analysis for annotated rice genes with top 1,000 CNS 
content from translation start to 2 Kb upstream of the translation start upstream 
(coverage >233 nucleotides of CNS). Rice gene IDs were translated to Arabidopsis 

thaliana IDs to enable GO analysis with Database for Annotation, Visualization 

and Integrated Discovery (DAVID). Also see Additional file S4. 
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Fig S11. Gene ontology (GO) analysis for annotated rice genes with top 1,000 ATAC 
content from translation start to 2 Kb upstream of the translation start upstream 
(coverage >1274 nucleotides of ATAC). Rice gene IDs were translated to Arabidopsis 

thaliana IDs to enable GO analysis with Database for Annotation, Visualization 

and Integrated Discovery (DAVID). Also see Additional file S5. 
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Fig S12. Gene ontology (GO) analysis for annotated rice genes with top 709 dREG 
content from translation start to 2 Kb upstream of the translation start upstream 
(coverage >=1 nucleotides of dREG). Rice gene IDs were translated to Arabidopsis 

thaliana IDs to enable GO analysis with Database for Annotation, Visualization 

and Integrated Discovery (DAVID). Also see Additional file S6. 
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Fig S13. De novo motif analysis with the tool Homer indicating the top enriched 6-
8 bp motifs found in CNSs at different genomic regions.  
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Fig S14. De novo motif analysis with Homer indicating the top enriched 6-8 bp 
motifs found in dREG locations and ATAC peaks at different genomic regions.  
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Fig S15. CHH methylation within and around 1 Kb of all detected dREG sites. The 

Y-axis is an arbitrary unit of signal.  
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Fig S16. H3K27me3 signal profile within and around CNS based on their locations. 

(a) within-around distal intergenic (b) within-around 500 bp of promoters (c) within-around 

500 bp downstream.  
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Fig S17. Methylation profile through the selection of dREG candidates. (a) 
Percentage of methylation by context within and around TEs that overlap dREG peaks by 

at least 1bp. (b) TE enrichment by dREG score bins. (c) Ratio of dREG score distribution 

by percentage of TE overlap, showing a similar distribution regardless or overlap with TEs 

or not.  
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Fig S18. Epigenetic marks for coding and repetitive sequences in the rice genome. 
(left) Class I retrotransposons and (right) class II DNA transposons.  
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Fig S19. Percentage of methylation by context within and around intergenic dREG 
locations and their percentage of overlap with transposable elements (TEs). Each 

line shows the difference in methylation profile depending on the percentage overlap of 

dREG locations with TEs.  
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Fig S20. Correlation of the percentage of cytosine methylation in all three contexts 

on the different dREG scores for dREG locations proximal (a) and distal (b) to genes. 

Sperman was used to calculate the correlation. 
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Fig S21. sRNA and ATAC enrichment analysis in dREG sites by bin score. (a) Plot 

showing the number of annotated small RNAs present depending on a minimum read 

number cutoff. We have selected a minimum cutoff of 20 reads. (b) Annotated small RNAs 

enrichment by dREG score bins. (c) ATAC peak enrichment by dREG score bins.  

By score for ATAC (+350) enrichment 
(dREG intergenic): 

v < 0.4 : cover 6.70%, enrich 1.15x 
v 0.4 - 0.6 : cover 4.59%, enrich 0.78x 
v 0.6 - 0.8 :  cover 6.32%, enrich 1.08x 
v 0.8 - 1.0 :  cover 7.81%, enrich 1.33x 
v > 1.0 : cover 10.79%, enrich 1.84x 
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Fig S22. Enrichment analysis for dREG sites with TE overlap. Each bar represents 
an enrichment in open chromatin (ATAC), small RNA, CHH methylation, and H3K27ac 
found in dREG regions overlapping with transposable elements at different 
percentages.  
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Fig S23. Chromatin marks within and around dREG post-filtering. In (a) a Pearson 

correlation for epigenomic characteristics methylation in all contexts (CpG, CHG, CHH), 

accessible chromatin (ATAC) and histone-tail modifications. In (b) the distribution the 

genomic features described in (a) but within dREGfiltered and +/- 1kilo base-pairs around. 
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Fig S24. Gene expression analysis based on the proximity of dREG sites. (a) Boxplot 
of gene expression based for genes close or not to dREGProximal regions (b) Violin plots 
showing the expression levels (shown as log2 Reads per kilo base per million mapped 
reads, RPKM) for genes dREGProximal divided by dREG score bins. dREGProximal locations 
were divided by prefiltering steps (prefilter dREGProximal) and post filtering steps (postfilter 
dREGProximal) to retain candidate locations more likely to have a role in promoting gene 
expression. Asterisk (*) indicate significant differences after all pairwise comparisons 
using the Mann-Whitney U test with Bonferroni correction. Numbers in boxplot represent 
sample size of genes. * 0.01 < p < 0.05. 
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Fig S25. Epigenetic marks surrounding TAD boundaries.  
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Fig S26. Distribution of loops detected by Pore-C for dREGdistal peaks. (a) Total 
number of noncoding-gene loops where the noncoding anchor contains either an ATAC 
peak, a dREG peak, both an ATAC and a dREG peak, or none. (b) Across the 
noncoding gene loops the number of noncoding anchor contacts per gene (left) and the 
distance between the gene and noncoding anchor (right). (c) APA scores for chromatin 
loops stratified by genic content reveal stronger contact enrichment between gene-gene 
anchors (4.11) compared to gene–non-gene (4.02) and non-gene–non-gene (3.92) 
interactions. 
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a         Non-genic contact loop with genic loop 

 

 

b    Non-genic contact loop with more than one genic loop 

 

Fig S27. Expression levels analysis of genes presents in genic loops with a contact 
of a noncoding region. Boxplot showing the expression levels (shown as log2 Reads 

per kilo base per million mapped reads, RPKM) for genes present in genic loops that 

contact a non-genic loop containing a combination of sequence features compared to 

loops without ATAC, CNS or dREG (none). (a) for one contact and (b) for more than one 

contact. Asterisk (*) indicate significant differences after all pairwise comparisons using 

the Mann-Whitney U test with Bonferroni correction. ** 1.00e-03 < p<= 1.00e-02; **** p 

<= 1.00e-04 Numbers in boxplot represent sample size of genes.  
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Fig S28. Association analysis between expression quantitative trait loci (eQTLs) 
regions and dREGfiltered sites identified in Figure 5c. Analysis was performed on 1000 

permutation tests. The grey curves represent the number of overlaps of eQTLs found in 

randomized dREGfiltered regions with same length and chromosome location. The green 

line indicates number of eQTLs regions found in dREGfiltered sites, and black line 

represents the mean of the randomized evaluations, and the red line corresponds to the 

significance limit of p-value = 0.05. The p-value corresponding to the dREGfiltered sites is 

0.001. 
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Fig S29. Association analysis between eQTLs regions and ATAC intergenic 

regions. Analysis was performed on 1000 permutation tests. The grey curves represent 

the number of overlaps of eQTLs found in randomized ATAC intergenic regions with same 

length and chromosome location. The green line indicates number of eQTLs regions 

found in ATAC sites, the black line represents the mean of the randomized evaluations, 

and the red line corresponds to the significance limit of p-value = 0.05. The p-value 

corresponding to ATAC intergenic regions is 0.001 
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Fig S30. Association analysis between eQTLs regions and CNS intergenic regions. 

Analysis was performed on 1000 permutation tests. The grey curves represent the 

number of overlaps of eQTLs found in randomized CNS intergenic regions with the same 

length and chromosome location. The green line indicates number of eQTLs regions 

found in CNS sites, the black line represents the mean of the randomized evaluations, 

and the red line corresponds to the significance limit of p-value = 0.05. The p-value 

corresponding to CNS intergenic regions is 0.001. 

 p−value:  0.001 
 Z−score:  −23.835 

 n perm:  1000 
 randomization:  randomizeRegions

numOverlaps

1000 1500 2000 2500 3000 3500

0.000

0.001

0.002

0.003

0.004 α =�0.05Evobs

EvSHUP



 32 

 

Fig S31. Genome Browser view of an Azucena locus (GAPDH). This is showing the 

different genomic tracks mentioned in this study at and around the locus GAPDH 

(OsAzu_08g0017550). Yellow star indicates the locus. 
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Fig S32. Genome Browser view of the Azucena locus (WRKY5). This is showing the 

different genomic tracks mentioned in this study at and around the locus WRKY5. Yellow 

star indicates the locus. 
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Fig S33. Genome Browser view of an Azucena intergenic region. This is showing the 

reproducibility of the two PRO-seq replicates in intergenic regions on chromosome 3. The 

different genomic tracks mentioned in this study are shown here. The yellow rectangles 

highlight regions with intergenic bi-directional PRO-seq signal in both replicates, where 

some regions overlap with ATAC-seq (left) and with CNSs (right).  
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Fig S34. Genome Browser view of an Azucena intergenic region with three types of 
regulatory elements. This is showing an intergenic region on chromosome 8 with CNSs, 

ATAC peaks, and bi-directional PRO-seq signal. The different genomic tracks mentioned 

in this study are shown here. The yellow rectangles highlight an intergenic region with co-

occurrence of CNS and ATAC; the blue rectangle a co-occurrence of CNS, bi-directional 

PRO-seq and ATAC; the green rectangle a co-occurrence of bi-directional PRO-seq and 

CNS. In all three highlighted cases we see an enrichment for the enhancer histone 

modification H3K18Ac. 
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Fig S35. Genome Browser view of the Azucena genome #1. This is showing the 

different genomic tracks mentioned in this study. 
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Fig S36. Genome Browser view of the Azucena genome #2. This is showing the 

different genomic tracks mentioned in this study. 
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Fig S37. Genome Browser view of the Azucena genome #3. This is showing the 

different genomic tracks mentioned in this study. 
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Fig S38. Genome Browser view of the Azucena genome #4. This is showing the 

different genomic tracks mentioned in this study. 
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Fig S39. Genome Browser view of the Azucena genome #5. This is showing the 

different genomic tracks mentioned in this study. 

 

 

 


