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Supplementary Figure 1 | Characterization of hMeDIP sequencing results

(a) The purity of cardiomyocyte preparations was assessed with flow cytometry (FACS) for sarcomeric actinin positivity. Representative

-~

-

FACS plots (left) and quantification of a-actinin-positive cells (right) for embryonic (E14.5), neonatal, normal adult (Adult) and
hypertrophic cardiomyocytes (TAC) are shown. Data are meantsd (n=6).

gRT-PCR analysis of cardiomyocyte and fibroblast markers in fetal and adult cardiomyocyte fractions vs the fibroblast and
endothelial cell fraction.

Quantification of global 5-mC in embryonic (E14.5), neonatal, normal adult (Adult) and hypertrophic cardiomyocytes (TAC), as
assessed by LC-MS.

Summary of raw and mapped hMeDIP sequencing reads at each of the four points studied, i.e., cardiomyocytes from embryonic
(E14.5), neonatal (day 1-2), adult and transverse aortic constricted (TAC) mice, in biological replicates A and B.

Pair-wise correlations (log. hMeDIP sequencing reads) of biological replicates (A and B). For each plot, Pearson correlation
coefficient p is shown. Genome-wide coverage profiles were computed with the MeDIPS package in R.

5-hmC and input coverage on the 19 autosomal chromosomes and the X and Y chromosomes at each of the four points studied for
replicates A and B.

Scatter plots showing positive correlation between the average 5-hmC coverage (replicates A and B) and the number of genes on
each chromosome of the four experimental points studied.

(h) Venn diagrams showing the overlap of 5-hmC peaks between biological replicates (A and B) in embryonic, neonatal, normal adult

and hypertrophic (TAC) cardiomyocytes.
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Supplementary Figure 2 | Neonatal-like re-distribution of 5-hmC in hypertrophic cardiomyocytes

(a) Heat map of the hierarchically clustered genes undergoing a neonatal-like re-distribution of 5-hmC in TAC cardiomyocytes.

(b) Average 5-hmC coverage (RPM: reads per million mapped reads) across the gene body of the 528 genes showing neonatal-like
re-distribution of 5-hmC in TAC cardiomyocytes.

(c) Enriched gene ontology terms of the 528 genes showing neonatal-like re-distribution of 5-hmC in TAC cardiomyocytes. GO
analysis was performed with Metascape 1.0 (p-value <0.01).

(d) Examples of genes with an “immature” distribution pattern of 5-hmC deposition upon the induction of hypertrophy. Left axis
represents median-normalized 5-hmC enrichment values on the gene body (exon and intron).



Samph # reads | #aligned & paired
pes o & mapQz20
E145A 119355608 61035372 Clusterd.-BF Cluster 5 - BP
E145B 124244840 65770282 GO:0019080:DMA confermation change =4 GO:0003158 endathelium development =4
:::::: a 1%;?5; gég;;;gg GO:00063Z5 i i GO:0032101:regulation of response (o external stimubus =]
Adult A 113487562 53582036 G0:0006259:DNA metabolic process = GO:0051707:response to biobc stimulus =
Adult B 105547836 51890850 GO0016071:mRANA metabolic process =4 GO0001816:cyloking production =
TAC A 102371446 51911496 GO:1903047 mitotic cell cycle process =4 GO:0001568:cardi system P
TAC B 110992160 55348842 T —T
b 0 20 40 60 80 0o, 10 2
-log 4 p-yaiue -log g pralue
Cluster! - 2540 genes 2 |Cluster5-413 genes el Cluster 2 - BP Cluster 7 - BP
= = GO:0006403:RNA localization = GO:0030308: cedl growth =
é é GO.00Z2613 complex GO:0046848:tissue remodeling =
5 : € — GO:0010833:telomera maintenance = GO: 1990267 response 10 metal ion =
E :g GO (s p GO:0034405 of ROS P
E E GD:0006386 RNA processing = 600030198 matrix
2 2 —T —
! ¥ ’ ' ! . 0o 10 20 o5 10
Cluster? - B25 genes 2 ICluster? - 143 genes b -logy pvalue -log ., prvalue
E E Cluster 3 - BP Cluster 8 - BP
& - & OGU:w?ISEﬂzcellulsrtasme 1o growth factor stimiulus - GO:0002252 immune effector process =
& & GO:0022603: ical siructure GO.D007169: protein tyrosine kinase signaling pathway =
'E ‘E GO:0035205 0rgan momphogenasis = GO:0002521: eukocyte differentiation =
~ a G0:0030334 reguiation of cell Mmegration = GO:0002664 reguistion of IMmMuNe SySIBm proCcess =
L) L] 1 L) L) 1 GO-0001844 cardiovascular system developrmient = GO:004001 2 regulation of locomation =
Cluster3 -.1385 genes "2 |Clusterd - 569 genes sa L T 1
0 10 20 30 40 a 5 10
s 5 -l0g 4 pvalie -log s, prvalue
& ] & : Cluster 4 - BP Cluster 11 - BP
& & GO:0045444 1t cel| differentiation =4 GO:0044282:small molecule catabolic process =
.E § GO:0048545 response to sleroid hormone = GO:0051166:cofactor metabolic process =
2 2 GO:0070848 response to growth facton = GO:0032543: mitochondrial iransiation =
1 I | I I ) GO:0009887-0rgan MOmIGgEnesis = GO:0045333 callular respiration =
B4 i
Clusterd - 190 genes Cluster11 - 2841 genes 500072355 card etam 00007005 i Dkt
= = — —_—
& 4 05 10 0 50 100
& N | -log, pralue -logye pvalue
3 8
= b=
[} a
E E
-2 -2
_l L) L} _l L) L)
§ § § g% & 3§ ¢
= £ z v § 2 =
$ s

Supplementary Figure 3 | Characterization of RNA sequencing results

(@) Summary of raw and mapped RNA sequencing reads in 2 replicates (A and B) per studied point.

(b) SOTA clustering analysis of the 10,302 differentially expressed genes. Clusters not given in Fig. 2 are shown. Y axis represent
median-normalized RPKM values (-2; +2).

(c) Enriched gene ontology terms of the relative SOTA cluster. GO analysis was performed with Metascape 1.0 (p-value <0.01).
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Supplementary Figure 4 | Correlation of 5-hydroxymethylcytosine with gene expression during cardiomyocyte development
and hypertrophy

Average 5-hmC coverage (RPM) over the two replicates from the TSS to the TTS on genes clustered into quartiles of expression.

(a)
Boxplots of median, with whiskers extending to £1.5 of the interquartile range.
(b) Plot of median RPKM values of genes harbouring 5-hmC only at the first intron (1), at the first two introns (1, 2), at the first three

introns (1-3) and at more than three introns (1-n). *, p-value <0.01 (Mann-Whitney test).
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Supplementary Figure 5 | Correlation of 5-hydroxymethylcytosine with activating histone marks in adult cardiomyocytes

(a,b) Density plots showing correlation of the gene-body 5-hmC levels in normal (a) and hypertrophic (b) adult cardiomyocytes with

(c)

gene-body levels of activating (H3K79me2, H3K9ac, H3K27ac and H3K4me3) and repressing (H3K27me3, H3K9me3 and
H3K9me2) histone marks'. The Pearson correlation coefficient p is given for each plot. *, p-value <2x10™"° (two-tailed). Intragenic
levels of 5-hmC, H3K79me2, H3K4me3, H3K9ac and H3K27ac were quantified by counting the number of reads falling on genes
from the TSS to the TTS.

RNA sequencing expression values in normal adult (orange bars) and hypertrophic (TAC, green bars) cardiomyocytes for genes
positive exclusively for 5-hmC on the gene body and of genes positive for 5-hmC and the indicated histone mark on the gene body.
Boxplots give the median (bold line), with whiskers extending to 1.5 of the interquartile range. *, p-value <0.01 (Mann-Whitney
test).
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Supplementary Figure 6 | Association of 5-hydroxymethylcytosine with repetitive elements of the genome

(a)
(b)
(c)
(d)

(e)
®

(9)
(h)

Analysis of repeat masker elements (UCSC version mm10) associated with 5-hmC peaks (assessed by HOMER) at the four
studied points.

Positive correlation between 5-hmC coverage and expression of repeat elements in cardiomyocytes.

5-hmC coverage (RPM) across the pooled repeat elements.

Fold change in the number of differentially hydroxymethylated regions (DhMRs) found in the normal-to-hypertrophic transition in
adult cardiomyocytes, for each repeat masker class.

5-hmC coverage (RPM) across LINEs at the four studied points.

Coverage of H3K9me3 on LINEs in hypertrophic cardiomyocytes. The boxplot gives the median (bold line), with whiskers extending
to £1.5 of the interquartile range. LINEs enriched (+) or not (-) in 5-hmC. *, p-value <0.01 (Mann-Whitney test).

Quantitative PCR analysis of 5-hmC enrichment on LINE-1. *, p-value <0.01 (unpaired Student's t-test). Data are presented as
meantsd (n=3).

Detection of 5-hmC (TAB sequencing) and 5-mC by single-base resolution analysis (regular bisulfite sequencing) at LINE-1 in adult
and hypertrophic (TAC) cardiomyocytes. Black circles indicate methylated or hydroxymethylated CpGs; open circles indicate
unmethylated CpGs; x indicates undetermined.
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Supplementary Figure 7 | Analysis of differentially hydroxymethylated regions (DhMRs)

(@) RNA sequencing expression values in embryonic (E14.5), neonatal (Neon.), adult and hypertrophic (TAC) cardiomyocytes for
genes exclusively losing 5-hmC (green boxes) and genes exclusively gaining 5-hmC (red boxes) in the three transitions. Boxes: 1-
4, embryonic-to-neonatal transition; 5-8, neonatal-to-adult transition; 9-12, normal adult-to-hypertrophic transition. Boxplots give the
median (bold line), with whiskers extending to +1.5 of the interquartile. p-values were calculated with the Mann-Whitney test.

(b) Enriched gene ontology terms related to significantly up-regulated (blue) and down-regulated (green) genes with DhMRs during the
embryonic-to-neonatal transition (top 2 graphs); significantly up-regulated (red) and down-regulated (blue) genes with DhMRs
during the neonatal-to-adult transition (middle two graphs); and significantly up-regulated (grey) and down-regulated (red) genes
with DhMRs during the adult-to-TAC transition (bottom two graphs). GO analysis was performed with Metascape 1.0 (p-value
<0.01).

(c) Number of cardiac-specific up- (top) and down- (bottom) regulated genes among the total number either gaining or losing 5-hmC in
the embryonic-to-neonatal transition (see Fig. 4e in main text). Enrichment for genes with MGI cardiovascular expression was
calculated using Fisher's Exact test (ns: not significant).

(d) Number of cardiac-specific up- (top) and down- (bottom) regulated genes among the total number either gaining or losing 5-hmC in
the neonatal-to-adult transition (see Fig. 4f in main text). Enrichment for genes with MGI cardiovascular expression was calculated
using Fisher's Exact test.

(e) Number of cardiac-specific up- (top) and down- (bottom) regulated genes among the total number either gaining or losing 5-hmC
during the induction of hypertrophy (see Fig. 4g in main text). Enrichment for genes with MGI cardiovascular expression was
calculated using Fisher's Exact test.

(f) 5-hmC coverage (RPM) at developmentally dynamic demethylated CG regions undergoing differential CpG methylation
percentages of <-1, £-10, <-15 and £-20 in the neonatal-to-adult transition.
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Supplementary Figure 8 | Validation of differentially hydroxymethylated regions (DhMRs)

(a)

(b)

(c)
(d)
(e)

IGV profiles of 5-hmC MeDIP-seq and RNA-seq profiles of representative genes (Ppara, Acss1, Adrala and Cacnb2). Exact
locations of primers used to validate DhMRs regions are shown above the IGV profile (blue arrow: neonatal-to-adult transition; red
arrow: adult-to-TAC transition). Primer sequences are listed in Supplementary Table S2.
Validation of 5-hmC by single-base resolution analysis (TAB sequencing). Black circles indicate hydroxymethylated CpGs; open
circles indicate unmethylated CpGs. x indicates CpGs with undefined methylation status. Exact location of primers used to validate

selected regions are listed in Supplementary Table S2.

Quantitative PCR validation of differentially hydroxymethylated regions in the embryonic-to-neonatal transition .
Quantitative PCR validation of differentially hydroxymethylated regions in the neonatal-to-adult transition.

Quantitative PCR validation of differentially hydroxymethylated regions between normal adult and hypertrophic (TAC)
cardiomyocytes. Data are presented as meanzsd (n=3). *, p-value <0.05; **, p-value <0.01 (unpaired Student’s t-test).
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Supplementary Figure 9 | Association of 5-hydroxymethylcytosine with enhancers

(a) Profiles of 5-hmC and input DNA coverage across poised (H3K4me1") and active (H3K27ac"/H3K4me1*") enhancers identified in
cardiomyocytes differentiated in vitro from embryonic stem cells, as defined in Wamstad et al.> RPM, read counts per million
mapped reads. Distance from adult enhancers given in bp.

(b) Boxplots (whiskers extending to + 1.5 of the interquartile range) of adult RNA sequencing expression values (RPKM) for genes near
poised/active enhancers enriched or not for 5-hmC. *, p-value <0.01 (Mann-Whitney test).

(c) Venn diagram showing the overlap of H3K27ac peaks between biological replicates (A, B) in embryonic, neonatal, normal adult
and hypertrophic cardiomyocytes.

(d) Pie chart illustrating the distribution of all 43,005 H3K27ac" enhancers across the genome.

(e) Quantitative PCR validation of H3K27ac'/5-hmC" enhancers found near a cardiac-specific gene at all stages (Preserved), at
embryonic and neonatal stages (Fetal), at only the embryonic stage (E14.5) and at only the adult stage (Adult). Data presented as
meanztsd (n=3).

(f) Enriched gene ontology terms of genes near H3K27ac'/5-hmC" enhancers in embryonic (green), neonatal (blue), adult (red) and
hypertrophic (grey) cardiomyocytes. GO analysis was performed with Metascape 1.0 (p-value <0.01).
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Supplementary Figure 10 | Sequencing results of Tet2 knockdown in embryonic cardiomyocytes

()
(9)

(h)

Summary of raw and mapped RNA sequencing reads in 2 samples (A and B) at each studied point.

Enriched gene ontology terms of genes down-regulated after Tet2 KD. GO analysis was performed with Metascape 1.0 (p-value
<0.01).

Sumrrzary of raw and mapped hMeDIP sequencing reads for each replicate.

Pair-wise correlation of biological replicates A and B (log. hMeDIP sequencing reads). For each plot, Pearson correlation
coefficient p is shown. Genome-wide coverage profiles were computed with MeDIPS in R package.

Heat map of 5-hmC densities on gene bodies of all reference genes (UCSC version mm10) and flanking regions (+2Kb). There is
no clear difference in the global profile of the two samples.

Association of all identified DhMRs (between sh-control and sh-TET2 cardiomyocytes) with different genomic elements.

Heat map of 5-hmC densities on gene bodies of the 219 genes undergoing both loss of 5-hmC on the gene body (measured by
hMeDIP) and down-regulation of expression (measured by RNA-seq) after sh-TET2 KD.

Boxplots (median RNA expression with whiskers extending to +1.5 of the interquartile range) of RNA sequencing expression
values (RPKM) for all genes losing 5-hmC on the gene body (n=2,783) and for the 219 genes losing 5-hmC on the gene body and
becoming down-regulated after Tet2 KD. *, p-value <0.01 (Mann-Whitney test).
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Supplementary Figure 11 | Full Western and dot blots

(a) Full Western blots for lamina B and TET2, related to Figure 6b.
(b) Full dot blots, related to Figure 6c¢.

11



Supplementary Table 1 | Parameters used for LC-MS/MS quantification of 5-mC and 5-hmC

Precursor lon MS1 Product lon MS2 Dwell time .
Compound (m/z) Resolution (m/z) Resolution [ms] CE(V) CAV(V) Polarity
Time segment 1.5-4.0 min
["®N,D2}-hmC 262.12 Wide 146.07 Wide 40 8 1 +
hmC 258.11 Wide 142.06 Wide 40 8 1 +
[Ds]-mC 24513 Wide 129.09 Wide 30 60 1 +
mC 24211 Wide 126.07 Wide 30 60 1 +
Time segment 6.0-9.0 min
["°Ns]-8-0x0-G 289.08 Wide 173.04 Wide 120 9 7 +
8-ox0-G 284.1 Wide 168.05 Wide 120 9 7
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Supplementary Table 2 | Primer List

Biotin-based enrichment of 5-hmC

Refers to Supplementary Figure 8

Comparison Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
E14.5 vs Neonatal Cacna2d2 caggatgacagtctgcaaaga ttcagctcgcagaaatttga
E14.5 vs Neonatal Prkcb ggaagccagaaagaagctca gggagtcacgagttcagca
E14.5 vs Neonatal Ryr3 cttctgttcagcccatttce ggtgactgtgcgttaggactt
Neonatal vs E14.5 Acadl ctcccaccacagcattttg tccaccttaccgatttccaa
Neonatal vs E14.5 Ppara ggaaggagagagtgtgctggt ggctcagatccaatcacagag
Neonatal vs Adult Gatad caagccctctcctgagaaca gcgaacaaaagcctactgct
Neonatal vs Adult Myh7 gatttgggggaaggtgtctt tgcactgctcaagcctaaag
Adult vs Neonatal Acssl gccatgtcaggtcacatce tgcgggggtataattttgg

Adult vs Neonatal Acss2 ttgctgtcacatagaaaacctaaga gagcagttggcgctcttaac
Adult vs Neonatal Adrala tccttaccaacatgccaaca aatagcctaaccattgggaaca
Adult vs TAC Acot7 catggtcctagttgctggttc gtcaggtattcgagcgatcc
Adult vs TAC Cacnb2 aacaaatgatacgtgggagtca gcctgagcttgttcatacce
Adult vs TAC Camk2a caagaaaaagggcaagtcaga ctcagcatcacccagccta
TAC vs Adult Fbin2 tgagtgccttcctacagaagce gctagagccacagcagaaca
TAC vs Adult Xirp2 catctctcaatctcaggctcttt catcaggtcatgctttgtgg

TAC vs Adult Bmp1l tgtatcaccctcttgcgtttt tccegtgtggatacttaggg
Refers to Supplementary Figure 6

Comparison Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
TAC vs Adult LINE-1 cactcccaccccacctagt taactctttagcagtgctctcctgt
Refers to Figure 6

Comparison Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
sh-control vs sh-TET2 Myl4 ctccattccecctetcaact acgggaggtagagagtgcag
sh-control vs sh-TET2 Myh7 tggaggctgaagccttactt ggctcgagtctgaaatctgg

Refers to Supplementary Figure 9
Enhancer proximal to

Forward Primer (5' — 3')

Reverse Primer (5’ — 3')

Mef2a
Smad7
Gata4
Myh7
Mef2c

Refers to Figure 7
Enhancer proximal to

ggaggagacggaatcagaaa
cagagcaggaccccagatt
ggaagctcgaagaccaagtg
gggactgggacataggatca
ccgctcttttacacgacctatc

Forward Primer (5' — 3')

gcactaggttcttggcttgg
acttgagcagagagatgctgtg
cctgctacagtggtgggaat
tgccctctectctecttgt
gactggagacgaatgggaaa

Reverse Primer (5 — 3')

Myh7 gggactgggacataggatca tgccctctectetecettgt

MylI3 gacattactgtccccacactgtc ttgggagcctaattcagcat

Hifla ttggatctggggaagaactg atgtgaccatgggagctggg

Gata4 ggaagctcgaagaccaagtg cctgctacagtggtgggaat

TAB seq

Refers to Figure 4

Comparison Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
E14.5 vs Neonatal Myh7 ttgagttgggttggataaaggt ccaactaaaaaaatccctaaaacaa
Neonatal vs Adult Myh7 tgagtttaggaatgtatagggtatttttt cctcaaaacactcaaatccaacta
Refers to Supplementary Figure 8

Comparison Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
Neonatal vs E14.5 Ppara aatggttttaggaagaaaatagataa attcttcaaatacacccatacacac
Adult vs Neonatal Acssl gtattttttgtttttgggattgttt ccaactctttaaacttccaacctac
Adult vs Neonatal Adrala aaatgagaagttgggtgtttttaat caaatttttaaattctttttcaacc
Adult vs TAC Cacnb2 aatttttaatttttgtgtatgtaatg cctcaaataatacttctaataaaaaac
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Refers to Supplementary Figure 6

Comparison

Gene

Forward Primer (5' — 3')

Reverse Primer (5' — 3')

TAC vs Adult

LINE-1

taggaaattagtttgaataggtgagag

tcaaacactatattactttaacaattc

dRT-PCR expression

Refers to Supplementary Figure 1

Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
Tcf21 tgcgccagcagtatgaaa gcctcagagaggtcagcaaa
Colla2 cattcacccagtcaacctga ccacttccttcaggtcattctc
Vim tgaagtgggtcttccaggtc acaccagggagtccagtagc
ChIP

Refers to Figure 5

Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
Myh7 gaccacacagaaagctcctga tcctgagggccacagttta
Myh7 ctgctgtgagagaaggcaga ctcectaacacccttgtget

Refers to Figure 7

Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')
Myh7 gggactgggacataggatca tgccctetectetecttgt

MylI3 gacattactgtccccacactgtc ttgggagcctaattcagcat
Hifla ttggatctggggaagaactg atgtgaccatgggagctggg
Gata4 ggaagctcgaagaccaagtg cctgctacagtggtgggaat
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