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Plants regenerated from tissue culture contain stable epigenome changes in rice

Hume Stroud, et al.

Stroud et al. eLife 2013;2:e00354. DOI: 10.7554/eLife.00354 1of 11


http://elifesciences.org/
http://dx.doi.org/10.7554/eLife.00354

eLIFE

Genes and chromosomes | Plant biology

A CG methylation levels
1
gy 1 R 4 — Y
T — T -
S
ra] ' e B e
O e S R o 1
o N ey —
3 T e f 1 | e B
Hleb o e e e
o I R ——
TN | p—
I S w—#—w
2 - =
5240 %97.5 8398.5 - 28575 31_390 :394 32022 32024 38886 38887 39634 (kb)
B CG DMR genome coverage C sizedistribution of all CG hypo DMRs
600 Hypermethylation o N=3597
H hylati =
_ ypometyation A Mean = 334.3 bp
£ s R RN _ B, 7 Median = 300 bp
2 s . SD =240 bp
g 111 S Max = 3200 bp
g g Min = 100 bp
g g 0.15]
w
Olm = A o i o
2 3 9]
Wild type Regenerated ° 500 1000 1500 2000 2500 3000 3500
Size (bp)
D COG methylation Iev]els E

All CG DMRs

1 2 3[4 5 6 7 8 [9] foh1 12]

Wild type Regenerated

Overlap between pairs of DMRs

l

EE—
- N

l

iy
o

I1 00

vwls oo v oo

abejusdiad

2 3 &5 6 7 8[oiofit 12
Wild type Regenerated

Figure 1. Aberrant loss of DNA methylation in regenerated rice. (A) Genome browser views of fractional CG
methylation levels. Sample numbers correspond to those listed in Table 1. Regenerated samples of the same line

are grouped together in red boxes. (B) Genome coverage of identified CG hypermethylation and hypomethylation
DMRs. DMRs were defined relative to sample 1 (wild type). (C) Distribution of sizes of CG hypomethylation DMRs in
regenerated plants. (D) Heat map representation of hierarchical clustering based on CG methylation levels within
DMRs. Rows represent all 3610 CG-DMRs identified and columns represent the samples. (E) Overlap of CG-DMRs

Figure 1. Continued on next page
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Figure 1. Continued

between samples. The bottom triangle represents the percent overlap of elements listed in the x-axis with those
listed in the y-axis. The upper triangle on the other hand represents the percent overlap of elements listed in the
y-axis with those listed in the x-axis.

DOI: 10.7554/eLife.00354.004

DNA methylation status at T2 DMRs (N=1301)
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Figure 2. Stability of loss of DNA methylation
over generations. Methylation status of sample 4
(T2) DMRs in T4 and Té generations are
indicated. Loss: less than half of respective
wild-type CG methylation levels. Gain: more than
half of respective wild-type CG methylation
levels.
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Figure 3. Loss of DNA methylation occurs in all three cytosine contexts. (A) Average distributions of DNA methylation in wild type (faded) and
regenerated plants (solid) were plotted over defined CG hypomethylation DMRs in the indicated samples. Flanking regions are the same lengths as the
middle region. (B) Heat map of DNA methylation levels within all defined hypomethylation DMRs (CG + CHG + CHH). (C) Average distribution of
smRNA-seq reads in wild type (black) and regenerated plants (red) over defined CHH hypomethylation DMRs in indicated samples. Flanking regions are
the same lengths as the middle region.
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Figure 4. Loss of DNA methylation at promoters may impact gene expression. (A) Overlap of hypomethylation DMRs with indicated genomic elements.
Observed overlap (dark bars) is compared to randomized regions of similar number and size distribution as the DMRs (light bars). Gene body:
transcribed region of protein coding genes. Gene promoter: TSS to 2 kb upstream of TSS. 3' downstream of gene TTS (transcription termination site):
TTS to 2 kb downstream of TTS. CDS: Coding sequence. TE: Transposable element. Error bars represent standard deviation. *Significant enrichment,
p<0.01. (B) Percentages of genes with CG hypomethylation DMRs near TSSs that have significantly altered expression levels (fourfold up/down
regulation, FDR<0.01). Genes with zero mRNA-seq reads in both wild type and regenerated samples were removed from the analyses. An average of
11.3 genes were deregulated. (C) Genome browser views of DNA methylation and gene expression levels.
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Figure 4—figure supplement 1. Impact of loss of DNA methylation at promoters on gene expression. Relative

expression levels of genes with CG hypomethylation DMRs near TSS. Log2 ratios between RPKM values of

indicated regenerated lines and wild type (sample 2) were calculated, and data is represented as boxplots. Genes
with zero mRNA-seq reads in both wild type and regenerated samples were removed from the analyses. Red lines,
median; edges of boxes, 25th (bottom) and 75th (top) percentiles; error bars, minimum and maximum points within

1.5 X IQR (Interquartile range); red dots, outliers.
DOI: 10.7554/eLife.00354.011
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Figure 4—figure supplement 2. Genome browser views of DNA methylation and gene expression levels.
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Figure 4—figure supplement 3. Significantly up-regulated genes are largely different across different lines.
Defined significantly up-regulated genes with CG hypomethylation DMRs at promoters were categorized based on
the number of lines (out of seven tested) in which they were up-regulated. Gene identifiers are listed below.
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Figure 4—figure supplement 4. DNA methylation levels over upregulated TE genes in regenerated samples.
Average distributions of DNA methylation in wild type (faded lines) and regenerated lines (solid lines) over defined
up-regulated TE genes in the indicated regenerated samples.
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Figure 5. Tissue culture step induces loss of DNA methylation. (A) Genome coverage of identified CG
hypermethylation and hypomethylation DMRs. DMRs were defined relative to sample 18 (wild type). (B) Heat map
of CG methylation levels within all 1074 CG hypomethylation DMRs identified in samples 13 to 17 (callus samples and
wild-type plants regenerated from callus). (C) Heat map of CG methylation levels within 241 CG hypomethylation
DMRs that were observed in all tested regenerated plants. (D) Boxplot representations of (C). Red lines, median;
edges of boxes, 25th (bottom) and 75th (top) percentiles; error bars, minimum and maximum points within 1.5 x IQR

(Interquartile range); red dots, outliers.
DOI: 10.7554/eLife.00354.016
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Figure 6. Tissue culture-induced CHH hypermethylation is eliminated upon regeneration. (A) Genome browser
views of DNA methylation. (B) Genome coverage of identified CHH hypermethylation and hypomethylation

DMRs. Regenerated samples of the same line are grouped together in red boxes. (C) Overlap of callus CHH
hypermethylation DMRs with indicated genomic elements. Observed overlap (dark bars) is compared to randomized
regions of a similar number and size distribution as the DMRs (light bars). Error bars represent standard deviation.
DOI: 10.7554/eLife.00354.017
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Figure 6—figure supplement 1. Callus induced CHH hypermethylation. (A) Average distribution of DNA methylation over defined CHH
hypermethylated regions in callus, genes, and TE genes. Flanking regions are the same lengths as the middle region. (B) Overlap between defined
CHH hypermethylation DMRs of the two callus samples in this study (13 and 14).
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