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Figure S1. Weakly primed defense response in ddm1 and met1 plants. 

(A) Bacterial growth test under optimal priming condition. Experiments were performed as 

described in the legend of Figure 1 except that a higher concentration of BABA (BAopt; 10 ml 

of 35 µg/ml per plant) was applied three days before DC inoculation to fully prime plants. p-

value by Student’s t-test; Error bars indicate SEM (n = 10). Data from Figure 7A. cfu, colony 

forming unit.

(B) Experimental design to investigate the defense response under optimal priming 

conditions.

(C) Experimental design to investigate the defense response under sub-optimal priming 

conditions.

(D) Expression of WRKY genes in Col-0, ddm1, and met1 plants one day post Pseudomonas 

syringae pv. tomato DC3000 inoculation with (BAsubDC) or without (mockDC) sub-optimal 

concentration of BABA treatment. Error bars indicate SEM (n ≧ 3). p-values by Student’s t-test. 

UBQ1 expression was used as an internal control. Expression levels for each gene were 

normalized by that of an internal control UBQ1, which were further normalized with respect to 

those in Col-0 under mockDC. Log2(normalized expression levels) are presented.
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Figure S2. Exploring gene expression change during weakly primed defense 

response in ddm1 (vs. Col-0). 

(A) Categorization of differentially expressed genes in ddm1 (vs. Col-0) during weakly

primed defense response.

(B) Heatmaps of gene expression (basally up- or downregulated in ddm1) in Col-0 and

ddm1 plants before (0 dpi; mock and BAsub) and after (1 dpi; mockDC and BAsubDC)

DC inoculation. For Col-0 and ddm1 columns, log2 fold change (FC) against Col-0

mock samples were plotted. For ddm1/Col-0 columns, log2 fold change in ddm1 plants

against Col-0 under four different conditions were plotted.

(C) Heatmaps of gene expression changes after inoculation of virulent (DC) or

avirulent (avrRpt2 and avrRpm1) pathogens. Log2 fold change (FC) against mock

control at each time point was plotted.

(D) Gene ontology terms of four groups categorized in Figure S2A. ddm1 hyper genes

were enriched with the function related to defense response.
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Figure S3. Transposon-like methylation (TEM-like) and gene body-like methylation (GBM-like) 

in Col-0 and its dependency on DDM1, MET1, and DRM2. 

(A) Kernel density plots of CG, CHG, and CHH DNA methylation at TEM-like and GBM-like

windows. Dotted lines indicate methylation threshold to distinguish TEM-like and GBM-like.

Windows with no methylation were removed from the analysis.

(B) The proportion of TEM-like and GBM-like regions in Col-0 (ratio calculated by the total length

of TEM-like regions and GBM-like regions).

(C) A Venn diagram of demethylated TEM-like in met1 (TEM-likemet1), ddm1 plants (TEM-

likeddm1), and drm2 plants (TEM-likedrm2, at CHH context).

(D) Violin plots of indicated chromatin feature levels in Col-0 at all TEM-like and

demethylated TEM-like in the mutants.

(E) Overlap between TEM-likedrm2 and TEM-likeddm1 or TEM-likemet1 plants (p-values by Fisher’s

exact test).

(F) Scatter plot of CG methylation level of GBM-like regions in Col-0 (x-axis) and ddm1 (y-axis)

plants. Each dot represents a gene body methylation locus. Dot colors indicate density of dots.

(G) CG methylation level of strongly demethylated GBM-like in ddm1 (GBM-likeddm1 in Figure 3C)

in this study and other ddm1 data.

(H) CG methylation level of GBM-like that their methylation levels are weakly affected or not

affected in ddm1 (GBM-likeweak in Figure 3C) in this study and publicly available data.

(G-H) Seedling and root DNA methylation data are from Zemach et al. [10]. Leaf DNA methylation 

data are from Lyons et al. [15]. 

(I) Scatter plots of CG methylation change at TEM-like in relation to H2A.W and H3K9me2

change in ddm1. Magenta box indicates highly demethylated TEM-like regions with increased

DNA accessibility in ddm1.

(J) Scatter plot of CG methylation change at GBM-like in relation to H2A.W and H3K9me2

change in ddm1.

(K) Scatter plot of CG methylation change at TEM-like and GBM-like in relation to H2A.Z change

in met1. Magenta box indicates highly demethylated TEM-like regions with increased histone

H2A.Z levels in met1. DNA methylation data and H2A.Z data are from Stroud et al. [52] and

Zilberman et al. [33]

(L) Violin plots of DNA methylation levels of TEM-like regions in Col-0 and met1 plants. DNA

methylation data are from Stroud et al. [52].
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Figure S4. Stable CG and nonCG DNA methylation level in ddm1 plants during 

defense response under sub-optimal priming condition. 

(A) Number of Araport11 gene annotations with TEM-like. Promoter TEM-like; TEM-

like located at 0 to 1.5 kb upstream of genes, TSS TEM-like; TEM-like overlap with

TSS, gene body TEM-like; TEM-like overlap with gene body but do not overlap with

TSS. TTS, transcription termination sites.

(B-D) Averaged CHG and CHH DNA methylation level around genes that have TEM-

like at TSS (B), gene bodies (C), or promoters (D). TSS, transcription start sites. TTS, 

transcription termination sites. 

(E-G) Pairwise Pearson’s correlation coefficients of CG and non-CG methylation 

change (ddm1 - Col-0) at indicated conditions during defense response with sub-

optimal priming. Pairwise Pearson’s correlation coefficients were plotted by genes with 

TEM-like at TSS (E), gene body (F), and promoters (G). TSS, transcription start sites. 

(H) Boxplots of histone H1 (left) and H2A.Z (right) levels of genes with TSS TEM-

likeweak and TSS TEM-likeddm1 in each treatment conditions.



GO-Slim Biological Process
Fold 

enrichment
FDR

(-log10)

Enriched GO terms in GBMweak genes (BAsubDC condition)

protein palmitoylation 
peroxisome organization 
movement of cell or 
subcellular component 
cytokinesis 
cell division 
lipoprotein biosynthetic process 
protein deubiquitination 

glycoprotein metabolic process 
protein acylation 
protein autophosphorylation 
plant-type cell wall organization 
or biogenesis 
endocytosis 
monocarboxylic acid metabolic process 

4.02
3.69
3.05

2.98
2.76
2.73
2.63

2.62
2.59
2.58
2.44

2.44
2.1

2.7
2.6
3.2

2.1
2.3
2.4
2.3

2.0
2.4
3.6
2.1

2.1
3.4

Fold 
enrichment

FDR
(-log10)GO-Slim Biological Process

-1

0

GBMddm1GBM

0.0003

0.0002

H
1 

lo
g 2(d

dm
1/

C
ol

-0
)

H
2A

.Z
 lo

g 2(d
dm

1/
C

ol
-0

)

C

B

D

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

lo
g 2 C

hI
P 

(d
dm

1/
Co

l-0
)

mock BAsub mockDC BAsubDC
1.0

0.5

0.0

-0.5

-1.0

3.2E-5H2A.Z at GBMddm1 (BAsubDC)

lo
g 2 C

hI
P 

(d
dm

1/
Co

l-0
) 1.0

0.5

0.0

-0.5

-1.0

mock BAsub mockDC BAsubDC

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

no
DE

G
dd

m
1 

hy
pe

r
dd

m
1 

su
p

0.003

0.013H1 at GBMddm1 (BAsubDC)

1
1.0

0.0

-1.0

mock BAsub mockDC BAsubDC

GBMddm1GBM

0.0004

mock BAsub mockDC BAsubDC

Fig S5



Figure S5. Removal of gene body methylation enhances inducible activation of 

genes. 

(A) Number of Araport11 gene annotations with gene body-like methylation (GBM-

like). Promoter GBM-like; GBM-like located at 0 to 1.5 kb upstream of genes, TSS

GBM-like; GBM-like overlap with TSS, gene body GBM-like (GBM); GBM-like overlap

with gene body but do not overlap with TSS, conventionally GBM. TTS, transcription

termination sites.

(B) Boxplots of histone H1 (left) and H2A.Z (right) levels of genes with GBMweak and

GBMddm1 in each treatment conditions.

(C) Boxplots of histone H1 (left) and H2A.Z (right) levels of GBMddm1 genes (ddm1

vs. Col-0, BAsubDC) overlap with DEGs (ddm1 hyper, ddm1 sup) and GBMddm1

genes that do not overlap with DEGs (noDEG) in each treatment conditions.

(D) Enriched gene ontology terms among genes with GBM that their methylation

levels are weakly affected or not affected in ddm1 (GBMweak) under BAsubDC

condition.



2

dd
m

1
dd

m
1

mockDC

BAsubDC
6

5

4

3

lo
g 10

(c
fu

 / 
le

af
 d

is
c)

Col-0 h2a.w h2a.z

2

2

dd
m

1

2

dd
m

1

dd
m

1

0

2

4

8

6

G
en

e 
le

ng
th

 (k
b)

C
ol

-0
 b

ac
kg

ro
un

d

H
3K

36
m

e3
 (l

og
2(C

hI
P/

In
pu

t))
C

ol
-0

 b
ac

kg
ro

un
d

-4

0

4

un
m

et
hy

l

-2

0

4

2

lo
g 10

 (t
pm

+0
.0

01
)

C
ol

-0
 b

ac
kg

ro
un

d

un
m

et
hy

l

G
BM

un
m

et
hy

l

G
BM

G
BM

20

40

60

80

0

R
es

po
ns

iv
en

es
s

C
ol

-0
 b

ac
kg

ro
un

d

N
or

m
al

iz
ed

 C
V2

C
ol

-0
 b

ac
kg

ro
un

d

-4

-2

0

4

2
H

2A
.Z

 (l
og

2(C
hI

P/
In

pu
t))

C
ol

-0
 b

ac
kg

ro
un

d

-1

-0

1

3

2

-2

un
m

et
hy

l

un
m

et
hy

l

un
m

et
hy

l

G
BM

G
BM G
BM

p =0.030

Fig S6

A B

E

2

dd
m

1

C D

-4

0

4

un
m

et
hy

l

G
BM

FC
 lo

g 2(m
et

1/
C

ol
-0

)

-4

0

4

un
m

et
hy

l

G
BM

FC
 lo

g 2(h
1m

et
1/

C
ol

-0
)0.0009 0.12 2x10-18 4x10-25

F

met1 h1met1

G
BM

w
ea

k

G
BM

w
ea

k

G
BM

w
ea

k

G
BM

w
ea

k

G
BM

w
ea

k

G
en

e 
le

ng
th

 (k
b)

C
ol

-0
 b

ac
kg

ro
un

d

R
es

po
ns

iv
en

es
s

C
ol

-0
 b

ac
kg

ro
un

d

N
or

m
al

iz
ed

 C
V2

C
ol

-0
 b

ac
kg

ro
un

d

C
ol

-0
 b

ac
kg

ro
un

d

C
ol

-0
 b

ac
kg

ro
un

d



Figure S6. Characteristics of strongly demethylated GBM in ddm1 (GBMddm1), 

unconventional GBM cluster genes (GBMUC) and conventional GBM cluster genes 

(GBMC). 

(A) A boxplot and a violin plot of gene length and H3K36me3 level of unmethylated 

genes in both Col-0 and ddm1 (unmethyl), genes with strongly demethylated GBM in 

ddm1 (GBMddm1), and genes with GBM that their methylation levels are weakly 

affected or not affected in ddm1 (GBMweak).

(B) A violin plot of H2A.Z level and boxplots of responsiveness and normalized CV2 

of unmethylated genes in both Col-0 and ddm1 (unmethyl), genes with 

strongly demethylated GBM in ddm1 (GBMddm1), and genes with GBM that their 

methylation levels are weakly affected or not affected in ddm1 (GBMweak). 

Responsiveness score and normalized CV2 were calculated as Aceituno et al. [69] 

and Cortijo et al. [60].

(C) A boxplot and violin plots of gene length, H3K36me3 level, and expression level 

of unmethylated genes in both Col-0 and ddm1 (unmethyl), unconventional GBM 

cluster genes (GBMUC), and conventional GBM cluster genes (GBMC). tpm indicates 

transcripts per million.

(D) A violin plot and boxplots of H2A.Z level, responsiveness and normalized CV2 

unmethylated genes in both Col-0 and ddm1 (unmethyl), unconventional GBM cluster 

genes (GBMUC), and conventional GBM cluster genes (GBMC). Responsiveness score 

and normalized CV2 were calculated as Aceituno et al. [69] and Cortijo et al. [60]. p-

values by Student’s t-test.

(E) Bacterial growth of Pseudomonas syringae pv. tomato DC3000 (DC) in H2A 

variant mutants with or without sub-optimal priming. For sub-optimal priming, water 

(mock control) or β-amino butyric acid (BAsub; 10 ml of 30 µg/ml per plant) was 

applied near roots two days prior pathogen inoculation. Bacterial growth was 

measured three days post-inoculation (dpi) (n = 5). cfu, colony forming units.

(F) Boxplots of gene expression fold change (FC) of differentially expressed genes 

in met1 (left) and h1met1 (right) plants (compared to Col-0, q-value<0.05) 

overlapping with unmethylated genes in both Col-0 and ddm1 (unmethyl), 

unconventional GBM cluster genes (GBMUC), and conventional GBM cluster genes 

(GBMC). Numbers indicate p-values by Student’s t-test.



Fig S7

Figure S . Interaction network associated with ddm1 hyperactivated genes during defense response 

under suboptimal priming condition. 

Gene-to-gene interactions were retrieved from iNID database [61]. SA, salicylic acid; ABA, abscisic 

acid; BR, brassinosteroids; ROS, reactive oxygen species. Nodes were arranged and grouped into 

functional modules based on their Gene Ontology molecular functions or biological processes terms. 

Associated GO terms were indicated above nodes.  
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Figure S . RT-qPCR confirmation of gene expression change from microarray data. 

Gene expression fold-changes of the selected targets (from Figure S ) and non-hub-like genes in ddm1 

and Col-0 were plotted. UBQ1 expression was used as an internal control. Error bars indicate SEM (n=3). 
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Figure S9. WRKY genes expression in Col-0 and cpk4 after DC inoculation to mock 

(mockDC) and BABA primed (BAoptDC) plants. 

(A and B) WRKY genes expression in Col-0 (A) and cpk4 (B) was measured 1-day 

post-inoculation (dpi). UBQ1 expression was used as an internal control. Error bars 

indicate SEM (n = 4 in A and n = 3 in B). Col-0 data from Figure 7C. p-values by 

Student’s t-test. 



Fig S10

Col-
0

aa
o3

at1
g6

16
90

za
r1-

3
0

1

2

3

4

5

6

7

lo
g 10

 (c
fu

 / 
le

af
 d

is
c)

mockDC BAoptDC

p=0.013 p=0.018 p=0.022 p=0.015

Figure S10. non-hub-like genes did not affect primed defense response. 

Measuring the bacterial growth in three non-hub-like gene knockout plants was 

performed as described in the legend of Figure 1, except that a higher concentration of 

BABA (BAopt; 10 ml of 35 µg/ml per plant) was applied three days before DC 

inoculation to fully prime plants. p-value by Student’s t-test. Error bars indicate SEM (n 

≧ 5). cfu, colony forming units. 
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Figure S11. Characteristics of GBM genes with interchangeable or stable methylation 

in natural variants. 

(A) Violin plots of gene expression and H3K36me3 level at genes unmethylated in

over 700 natural variants (UMNV), genes with interchangeable GBM (IMNV; possess

GBM at 100-700 natural variants), and genes with stable GBM over 700 natural

variants (GBMNV). tpm indicates transcripts per million.

(B) Venn diagram of gene with GBM that their methylation levels are weakly affected

or not affected in ddm1 (GBMweak) and genes with stable gene body DNA methylation

in the natural population (GBMNV) [64, 68]. p-value by Fisher’s exact test.

(C) The number of individuals from the Arabidopsis natural populations that possess

GBM at indicated genes was plotted [64, 68].

(D) Relative expression of novel priming regulators in natural variants. (Left) The

average GBM level of AT1G17230 and KIN11 in GBM variants in GPK1 and BRL3

and demethylated variants in GPK1 and BRL3. (Right) Expression of AT1G17230 and

KIN11 under mockDC condition was normalized to 1. Six natural variants and Col-0

were grouped by their GBM level at GPK1 and BRL3. Col-0, Kondara, and UK-1

maintained GBM at both genes, and Ann-1, Bik-1, Kas-1, Kro-0 lost GBM at GPK1

and BRL3. All natural variants maintained GBM at AT1G17230 and KIN11. RT-qPCR

data from three replicates per natural variants were averaged (n=9 for GBM variants,

n=12 for demethylated variants). Error bars indicate standard deviation.

(E) Heatmaps of expression fold change (left; log2(mutant/Col-0)) and p-values for

differential expression (right) of novel priming regulators in h1, met1 (m1), and h1met1

(hm1) plants. RNA-seq data from Choi et al. 2020 [51].

(F) Gene expression of BRL3 and GPK1 in Col-0 and four naturally demethylated

variants of BRL3 and GPK1 (Ann-1, Bik-1, Kas-1, and Kro-0). Gene expressions

were measured in mock condition. UBQ1 expression was used as an internal

control. Different letters indicate significant differences at p≦0.05 from one-way

ANOVA with Tukey’s correction (α = 0.05). Error bars indicate standard deviation (n

= 3).

(G) Polymorphisms of BRL3 and GPK1 in gene region among four naturally

demethylated variants of BRL3 and GPK1 (Ann-1, Bik-1, Kas-1, and Kro-0). Red

colors indicate non-synonymous mutation and altered amino acid. Polymorphism

data were retrieved from 1001 Genomes Project (https://1001genomes.org/)
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Figure S12. Histone modification patterns around novel priming regulators. 

(A) Histone H3K4me3, H3K9me2, and H3K27me3 enrichment around novel priming

regulators in mockDC and BAsubDC conditions in Col-0 and four natural variants

(Ann-1, Bik-1, Kas-1, Kro-0) that both GPK1 and BRL3 were demethylated. #1-3

primers amplify TSS-proximal region, gene body region and TTS-proximal region,

respectively. Histone enrichment data of Col-0 from Figure S12 (B, C, and D)

(B-D) Histone H3K4me3 (B), H3K9me2 (C), and H3K27me3 (D) enrichment around 

novel priming regulators in mockDC and BAsubDC condition in Col-0 and ddm1 plants. 

#1-3 primers amplify TSS-proximal region, gene body region and TTS-proximal region, 

respectively. 

(A-D) Asterisks indicate statistically significant change in enrichment (p<0.05, Col-0 

mockDC vs. ddm1 mockDC, Col-0 BAsubDC vs. ddm1 BAsubDC, Col-0 mockDC vs. 

each natural variant mockDC, Col-0 BAsubDC vs. each natural variant BAsubDC). p-

values by Student’s t-test. 



CG-methylation 

Hypo CG-methylation mediated transcriptional potentiation 
leading to hyperactivation by BABA-induced priming. 

No CG-methylation Transcription factor

Pst DC3000Pst DC3000Pst DC3000

BABA BABA

Pst DC3000Pst DC3000

BABA

RNA Polymerase II

ddm1 or natural variants

Col-0 DC BAsubDC BAoptDC

Hypo CG-methylation mediated transcriptional potentiation, 
but no transcriptional change occurs due to 
lack of upstream signal. 
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Fig S13 

A
Hyperactivated genes by BABA-induced priming (BAsubDC)

Genes not regulated by BABA-induced priming (BAsubDC)
B

Figure S13. The contribution of gene body CG-hypomethylation to transcriptional 

potentiation during weakly-primed and fully primed defense response. (A) 

Demethylation of GBMddm1 increased transcriptional potential of priming regulators, 

leading to hyperactivation by weak defense priming (BAsubDC). (B) Demethylation of 

GBMddm1 increased the transcriptional potential of non-priming-target genes, but no 

transcriptional change occurred due to a lack of upstream signal. 
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