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Figure S1 (Related to Figure 1)

(A) Survival rate of control and two independent DMAD knockdown lines with Tub-Gal4 driver
were indicated. Depletion of DMAD resulted in massive lethality in Pupae and Adult stages. (B)
DMAD ¢RT-PCR confirmed effective knockdown of DMAD in fly brains. (C) Lobe mis-
orientation in Mushroom Bodies (MB) of DMAD neuronal KD (DMAD-nKD) flies (n=48) was
analyzed by whole-mount Fas II staining of fixed brains. The severity of lobe mis-orientation was
blindly scored as normal, one lobe mis-oriented, or two lobes mis-oriented. Representative
examples of each category were shown. All control flies (n=36) display normal MB. (D) Western
blot demonstrated an effective depletion of DMAD in DMAD-null fly brains. (E) Double-stranded
control and 6mA-modified DNA oligos were either incubated with control reaction buffer without
DMAD, or with recombinant DMAD C-terminal catalytic domain (aa 1657-2860) in triplicate to
test the direct 6mA demethylation activities of DMAD in vitro. 6mA dot blots demonstrated
effective and significant DMAD demethylation activity. (F) Imagel quantification of dot blots in
(A). Welch Two Sample t-tests were performed. **, p<0.01. (G) High resolution HPLC
quantification of 6mA and ShmrC in Drosophila brains and S2 cells in the presence (control) and
absence of DMAD (DMAD-depletion). The absolute level of 6mA or ShmrC are indicated as
percentage per million nucleotide (ppm) (n=2 for 6mA and n=3 for ShmrC). (H) HPLC
quantification of RNA 5mC in control and DMAD-null fly brains. No significant changes were
found. (I) 6mA dot blots showed no changes in the absence of AlkB gene from fly brains. (J) In
vitro conversion assays were performed using purified DMAD catalytic domain (DMAD-CD, aa
1657-2918); DMAD catalytic mutant (DMAD-CD-mut), in which two residues, H1948 and D1950
were mutated to Y and A, respectively. Purified bacterial 6mA demethylase ALKB served as
positive control. (K) Genome-wide 6mA normalized reads in control and DMAD-null fly brains
were counted in a 10kb binned Drosophila genome (1000-pooled brains per condition). Bins with
more than 80 reads are shown in color. 2622 bins (red) showed more 6mA reads in DMAD-KO
than control whereas 1873 bins (blue) contained fewer 6mA reads in DMAD-null than control. (L)
5340 dynamic gain-of-6mA regions (active 6mA demethylation sites in control brains) in the
absence of DMAD were identified. Each gain-of-6mA region was further separated into 100bp
bins, and normalized 6mA mapped reads were calculated in the presence or absence of DMAD to
confirm that these regions contained fewer 6mA reads in DMAD-null brains relative to control.
Average 6mA reads per million were plotted. (M) Gene Ontology analysis was performed on a
subset of upregulated genes in fly brains in Figure 1F (pink). Log2 fold change [(KD:WT) > 0.5]
was applied as the threshold cut-off. Several biological processes involving development-related
pathways were enriched. (N) The HOMER suite was applied to predict common motifs in gain-
of-6mA regions. Several transcription factors and epigenetic modulators related to Polycomb
repressive complex were indicated (Orsi et al., 2014).
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Figure S2 (Related to Figure 2)

(A) 6093 dynamic gain-of-6mA regions (active 6mA demethylation sites in control brains) in
BG3C2 cells were identified. Each gain-of-6mA region was further separated into 100bp bins, and
normalized 6mA mapped reads were calculated in the presence or absence of DMAD to confirm
the increase of 6mA on these regions when DMAD was depleted. Average 6mA reads per million
were plotted. P<0.01, Welch Two sample t-tests. (B) Genomic annotation of gain-of-6mA regions
in BG3C2 cells revealed intragenic characterization, with many of these regions aligning to introns,
exons, promoters, untranslated regions (UTRs) and transcription termination sites (TTS). 6mA
dynamics on introns, UTRs and some repetitive elements were higher than expected values. The
enrichment of each genomic features versus expected values are indicated by heatmap. (C) Gene
Ontology analysis was performed on up-regulated genes carrying gain-of-6mA regions in the
absence of DMAD. Log?2 fold change [(KD:WT) > 0.5] was applied as the threshold cut-off. GO
terms were enriched for several development-related pathways. (D) Transposon expression was
altered with DMAD depletion. 42.5% and 21.2% of neuronal-expressing LINEs and LTRs
correlated with increase of 6mA when DMAD was knocked down. (E) 6mA-sensitive restriction
enzyme Dpnl that preferentially cleaves methylated adenosine at GATC/CATC/GATG sites was
used to validate regions identified by 6mA-IP in BG3C2 cells. The percentages of 6mA in either
control or DMAD-KD were assessed by qPCR amplification of digested DNA using undigested
DNA as a control (digested/undigested). Inverse correlation between 6mA reads distribution and
qPCR fold changes were observed to confirm the 6mA dynamic changes in these regions. p values
were indicated (unpaired #-test). (F) Average fold change in 6mA mapped reads versus non-
enriched input DNA was calculated for various binned ChIP-chip regions of epigenetic regulators
available from the modENCODE database and plotted in Heatmap view. Red (fold change >1)
indicates enrichment over input whereas blue (fold change <1) indicates depletion over input. 6mA
was specifically enriched at Polycomb protein binding sites including dRING and Psc. Enrichment
and depletion were significant with p-value < 0.001, Welch Two sample t-tests. (G) Average fold
change in 6mA mapped reads of DMAD-KD over control were calculated for various binned
ChIP-chip regions of epigenetic regulators available from the modENCODE database and plotted
in Heatmap view. Red (fold change >1) indicates enrichment over control whereas blue (fold
change <l) indicates depletion over control. Knockdown of DMAD led to further 6mA
accumulation primarily on Polycomb binding sites. p-values were indicated, Welch Two sample
t-tests.
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Figure S3 (Related to Figure 3)

(A) Genomic annotation of overall DMAD ChIP-seq peaks in BG3C2 cells revealed a strong
preference for intragenic binding. (B) Intragenic distributions of DMAD on DMAD-bound
upregulated genes bearing accumulation of 6mA upon DMAD knockdown was demonstrated
proportionally. DMAD showed strong intronic enrichment on these genes. (C) The genes in (B)
were further subcategorized based on the DMAD intragenic association. Gain-of-6mA
distributions on each subset of genes were calculated, and the percentages were indicated by pie
chart. The DMAD and gain-of-6mA regions largely coordinated on the same genomic features.
95% of gain-of-6mA were found in introns of genes with DMAD also binding to introns. (D) The
percentage of genes with both DMAD and gain-of-6mA binding to the same genomic feature were
calculated. When DMAD bound to introns and UTRs, 76% and 82% of gain-of-6mA were found
on the exact same introns and UTRs, respectively. Only 43% of exons showed simultaneous
occupancy by both DMAD and gain-of-6mA. (E) Venn diagram shows little overlap between
DMAD and Su(var)3-7. (F) Upregulated genes in the absence of DMAD showed significant
overlapping with upregulated genes in the absence of Wds. Chi-square tests were performed.
RNA-seq were performed in triplicates. RPKM fold changes >0.1 were included. (G) Dot blots
using an antibody specific for 6mA showed no 6mA changes in the absence of Wds from BG3C2
cells. (H) ImageJ quantification of dot blots in (G). Welch Two Sample t-tests were performed. (I)
A series of Myc-tagged Wds deletion constructs were generated to determine the importance of
WD40 domains to bind to DMAD. Co-IP experiments using HA tagged N- or C-terminal DMAD
truncations suggested WD40 domains were critical to facilitate Wds interacting with DMAD, as
complete removal of WD40 domains (Wds aa 1-61) abolished its binding to DMAD (red asterisk).
Full length and Wds truncation constructs bearing WD40 domains (blue asterisk) interacted with
C-terminal truncation of DMAD (aa 1657-2860). (J) Co-IP experiments with Myc tagged full
length Wds confirmed the C-terminal DMAD containing 6mA catalytic domain (blue asterisk)
interacted with Wds. (K) Fine mapping of DMAD C-terminal domains indicated the DMAD
aal657-1796 and catalytic domain aa 1796-2666 (blue asterisk) were responsible to interact with
Wds. DMAD (aa 2666-2860) did not interact with Wds (red asterisk). (L-O) Nucleosome
positions on intragenic DMAD binding sites and gain-of-6mA regions in the presence and absence
of DMAD were analyzed by MNase-seq and plotted by Dynamic Analysis of Nucleosome Position
and Occupancy by Sequencing (DANPOS) program. While no significant changes of nucleosome
occupancy were observed on DMAD-binding sites (L. and N), the nucleosome occupancy was
significantly enriched on the gain-of-6mA regions in the absence of DMAD (M and O) (p<0.001,
Welch Two Sample t-tests). (P) Average fold change in Pc and Wds reads of control and DMAD-
KD over non-enriched input DNA were calculated at DMAD-binding sites of down-regulated
genes shown in Fig. 4A and 4B. Wds but not Pc was enriched at these regions, suggesting a
dominant role for Wds in maintaining expression of these genes. Enrichment was significant over
input (p<0.001, Welch Two Sample t-tests). (Q) Average fold change in Pc and Wds reads of
control and DMAD-KD over non-enriched input DNA were calculated at DMAD-binding sites on
up-regulated genes in Fig. S4A and S4B. Both Pc and Wds occupied these genes in control cells
and were reduced in the absence of DMAD, suggesting that Pc and Wds may coordinate to
modulate these genes. Enrichment was significant over input (p<<0.001, Welch Two Sample t-tests).
(R) Penetrance of o lobe defects in the control (elav-Gal4), pan-neuron Wds RNAi (elav-
Gal4, UAS-Wds®™4) pan-neuron DMAD RNAI (elav-Gal4, UAS-DMAD 4, or pan-neuron Wds
RNAi + DMAD RNAIi (elav-Gal4, UAS-Wds®¥i UAS-DMAD®4) flies. N=14, 10, 22 and 12,



respectively. (S) Trithorax-related (Trr) ChIP-seq in S2 cells were obtained from (Herz et al., 2012).
1966 out of 4882 Trr binding sites (40%) are also overlapping with DMAD binding, suggesting a
potential role of DMAD in enhancer activities.
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Figure S4 (Related to Figure 4)

(A) Average normalized reads (per million) dynamics in Pc, Wds, H3K27me3 and H3K4me3 at
DMAD/Wds binding sites in genes upregulated in the absence of DMAD relative to control are
shown. Wds signals were significantly reduced when DMAD was depleted, and positively
correlated with DMAD changes (p<0.001, Welch Two Sample t-tests). Pc, H3K4me3 and
H3K27me3 distributions are not significantly altered in DMAD-KD. (B) Average normalized
reads (per million) dynamics in Pc, Wds, H3K27me3 and H3K4me3 at gain-of-6mA regions of
upregulated genes in fig. S13A. Pc significantly reduced on these regions (p=0.04, Welch Two
Sample t-test), possibly due to the active transcription environment that antagonized its binding to
6mA. (C) Gene Ontology analyses were performed on the downregulated genes from Fig. 4A-4B.
Several biological processes involved in neurodevelopment and neuronal functions were
demonstrated. -logl0 p-value of enrichment were plotted. (D) Gene Ontology analyses were
performed on the upregulated genes from fig. S4A-4B. -log10 p-value of enrichment were plotted.
(E) Double-stranded RNA (dsRNA) was used to individually knockdown DMAD, Wds and Pc in
BG3C2 cells. Combined depletion of DMAD/Wds and DMAD/Pc were also performed. gPCR of
DMAD, Wds and Pc mRNA confirmed the effective knockdown of these factors. Pc knockdown
induced significant downregulation of Wds. (F) Additional loci from Figure 4A and 4B were
further tested by qPCR for expression changes in the absence of DMAD, Wds, Pc or combined
depletion of DMAD and Pc as well as DMAD and Wds. The expression of these genes shows
similar trends when DMAD or Wds are independently removed. Co-knockdown of DMAD and
Wds showed a consistent downregulation of these loci. Co-depletion of DMAD and Pc leads to
de-repression of these loci (n=3), Welch Two Sample t-tests were performed. *, p<0.05; **, p<0.01;
K p<0.001; **** p<0.0001. (G) A series of Pc deletion constructs with FLAG tag were
generated to determine their binding domain(s) and kinetics to control and 6mA-modified DNA.
The C-terminal Pc (aa 222-390) was responsible for direct association with both control and 6mA
DNA. (H) The expression of Pc full length and truncations by Baculovirus-infected SF9 cells
demonstrated by Western blot (I) Pc (aa 222-390) binding kinetics to control and 6mA-modified
probes showed its preferential binding to 6mA-modified DNA probes, as measured by
fluorescence polarization assays. Pc (aa 222-390) 6mA probe K¢=1.27uM, and Pc-control probe
K¢=15.91 uM. Purified FLAG-Pc (aa 222-390) concentrations range from 0.01 to 10 pM.
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