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Supplementary Figure 1 | Gene body methylation on gene families/classes. Distribution of

gene body methylation on genes belonging to specific transcription factor classes, signaling



molecules, neural related and ribosomal functions. Black dashed lines indicate the bisulfite non-
conversion rate for each WGBS library, red dashed lines indicate the global CpG methylation
levels in each species. HOX, NKX, DLX, IRX and SIX are Homeobox transcription factor (TF)
families. FOX are forkhead domain TFs. SOX are HMG-box TFs belonging to the Sox family. HES
are bHLH TFs belonging to the Hes gene family. ZNF are zinc finger C2H2 TFs. WNT, BMP and
NOT (Notch) are signaling peptides and receptors. DLG (Discs Large Homologue) and SLC
(Solute Carriers) are genes enriched in neural functions. RPL (L Ribosomal Proteins) and RPS
(S Ribosomal Proteins) are genes with ribosomal functions. The median CpA methylation levels
of invertebrate genes overlaps the non-conversion rate. Boxplot centre lines are medians, box
limits are quartiles 1 (Q1) and 3 (Q3), whiskers are 1.5 x interquartile range (IQR) and points are

outliers.
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Supplementary Figure 2 | Syntenic regions surrounding MeCP2, MBD4, and DNMT3 genes.
(a) Gene order and orientation around the MECP2 and MBD4 loci in the genomes of selected
species. Lampreys encode three copies of MECP2. Amphioxus MBD4/MECP2 locus belongs to
the Branchiostoma lanceolatum genome, and is consistent with previous synteny conservation
observed previously in B. floridae*’. (b) Gene order and orientation around the DNMT3 loci in
selected species genomes. dnmt3ab and dnmt3bb are contiguous in the spotted gar genome
assembly, whereas zebrafish has split paralogues in different scaffolds (dnmt3bb.1 is the
conserved DNMT3B orthologue, whereas dnmt3ba, dnmt3bb.2 and dnmt3bb.3 are the teleost-
specific duplication harbouring a Calponin homology domain). The DNMT3L syntenic region is
conserved in bird genomes, however it does not contain the DNMT3L gene. Genes with the same
colour are orthologous. Species with less than six genes are found in genomic scaffolds that do
not contain more genes, either because it is too short or because it is truncated on one side. Gene
names are based on UCSC genome browser annotation or best BLASTP hit against Uniprot in

the case of the arctic lamprey.



a PWWP domain

Identity %

W e Er | T PETE A SRR
R RPNt AR ALK ML onnr
I aﬁmwygm}ﬁ( Mi@ugw‘ B&A&gﬁ%&gi DNMT3B

Ami id type:
A Abrogates PWWP-H3K36me3 binding .”;\"f; ac'. :'Le —
A Variable position in invertebrate DNMT3 o _'c yeropnobie oer
A Most invertebrates similar to DNMT3A M Basic M Neutral

5
A A A

PWWP domain

Identity % o B W = e e BT = = = .
290 299 309 310 327 337 347 Y 36 379
S0 JE GIGELVNGKLRGF SWWHPGRIV SWWMTGR SEIRAAEGTRWVMWFGDGKE SVVCVEKLMPL SSFC SAFHOATYNKMOPMYRKAIYEVLOVASSR
76 s s 31 3 5 33 355 o i
[Vl =JF GIGELVNGKLRGF SWWNPGRIVSWWMTGR SENRAAEGTRWVMWFGDGKF SVVCVEKLMPL SSFCSAFHOATYNKBIOPMYRKATYEVLOVASSR
287 296 306 Sie 324 334 344 356 363 376
(&1l GIGELVWGKLRGF SWNPGRIVSWWMTGR SERNRAAEGT RWYMWFGDGKF SVVCVEKLMPL SSFCSAFHOATYNKBOPMYRKATIYEVLOVASSR
29 0 308 Se 326 336 316 3% 3¢5 378
o)t JFCTC - LVWCK LR CE SHIBC R TV SHIMTGR SERIR ARECT R WV MIECDCKESVVCY EXLMBL SSECSARH QAT Y NKEQRMY R KATY EVEQVAS SR
287 205 306 31 324 334 314 354 36 376
[HEWSIEYECIC ELVRGK LR CE SHIEGR TV SHIMTGR SERIRAAECT R NYMWRECDGKE SVVCY EXLMPL SSEC SARH QAT Y NKEQPHY R K ATY EVEQVAS SR
. 309 S8 8 g 316 356 366 376 385 38
[ (I T e Y F G IGELVHGKLRGF SNWPGRIVSWWMTGR SRR AAEGTRWVMHFGDGKF SVVCVERLLPL SSFANAFHOATYNKEOPMYRKATY EVLOVASSR
g 02 b 262 270 280 220 300 305 22
(o1} g JF G IGELVHWGKLRGF SNWPGRIVSWWMTGR SMRAAEGTRWVMWEGDGKE SVVCVERLLPLSSFSSAFHQATYNKBMOPMYRKATY EVLOVASSR)
by 26 36 Sac g 3o 374 384 595 e
o)A GIGELVWGKLRGF SWNPGRIVSWWMTGR SEBIRAAEGT RWVMWFGD SKF SVVCVEKLLPL SSFAGTFHOATYNKBOPMYRKALY EVLOVASTR
Xenopus tropicalis [
[ L a (4 JE GIGELVNGKLRGF SWWPGRIVSWWMTGR SEBIRAAEGT RWVMWFGDGKE SVVCVEKLMPL SSFSNAFHQTTYNKBOPMYRKATYEVLOVASTR
525 Bl 344 334 S0 32 382 302 o oy
Sl GO NE | JEGIG ELVRGK LR GESHRBGR LV SWWMTGR SSEIR AAEGT R NVMWEGDGKESVV.CVEK LHPL SSESNARHQPTYNKQRHY K K ALY EVEQUASSR
239 Zo 27 25t 2% 306 316 526 3% 348
ST E S EJECIC ELVRCK ERCE SHWRCR TV SWRMTGR SRR AAECT R WYMNECD K F SVVCV EX ENRL STESTARH QP 1Y SKEQPMY R KATEEVEQVAS SR
161 170 180 150 198 208 218 226 57 250
e R E G IG ELVHGKLRGF SWWPGRIVSWWMT SR SERIRAAEGTRWVMHWFGDGKF SVVCVEKLMPL SSESTAFHOPTY SKEOPMYRKAIFEVLOVASNR]
179 las i 20 1o 220 B0 b6 75 2o
FN T I IEAVE ELVRG K TREE SWWBCVEV SWED TGO CRECAAED TR WYCWEGD C X F SEVAVD K EMRESHEK ENENQOT VAKX EK EVY R KATVOALOVASO R
! 215 b 264 276 254 254 304 316 5 336
Rl IS e R TG = VG R G MW G R Y S E E A E QY YR BT EG T R WK WY G DG K E SEV RV EK ESEFSKEE ENEH QBT YAKEOETY X KATY EALOVA SR |
SEERET S E R IC EL VR CK TR CE SHWECR UV SWE EAEQY YRV BT ECTR WV K WY CDCKE SEVEV EXESLF SKEE ENEH QP TYAREOTLTY R KATY EAEOVASR R
25 B zi2 b 260 70 220 220 295 512
DNMT3B (R EYFE TG DLVWEKIKGF SWWPAMVV SWKAT SKREBOAM SGMR WVOWFGDGKF SEVSADKLVALGLF SOEFNLATFNKELYV SYRKAMY HALEKARVR
220 3 249 23 267 277 287 297 306 s
[V (P =)E G IGDLVWGK IKGF SWWPAMVV SWKATSKREBIOAMPGMRWVOWFGDGKF SEL SADKLVALGLFSQEFNLATFNKIELYV SYRKAMYE TLEKARVE
32 21 251 201 26 275 280 299 308 521
[of W F GIGDLVGGKIKGF SHWPAMVV SWKATSK REBIOAMSGMRWVOWFGDGKE SETPADKLVALGLE SQEENLATFNKELYSYRKAMYHALERARIR)
135 T Ted i i3 152 202 2 B 3
(O] SN JE H TE D LVRG K T GE SWWEA TV SWK SN T RESOATRGHR WVOWEGDEK Y SEVESDKEVSLALETQ i ENLE TEN K MLV SY R KALEQAT EMAK SR/
175 les 1a¢ 204 By 222 22 2 B 264
WY Iy E TG =LV Gk TK CE SWWRAL TV SWKET SKREBIOAT SCMR WV OWEGDGKE SEV SADKEVGL TAESO i ENAATENKELVSYR K AMEVAL EVARNR
. b s i et 776 786 S6 306 s g
[oF- 0o I\ E 18 lo [-JE QMG ELVWGK IRGFANWPAIVV TWK ST SNRMMPAAPGMRNVKWEGDGMF SEV SAD KLVGLVNFRDEFNS STLOKMMASY R QATLHVLEVAS SK]
c b 195 256 zo 274 284 204 304 51 526
[\ N Y F G IGELVHWGKIKGF SNWPAIVVSYRAT SKREOAV SGMRWVOWFGDGKE SEVSADKLVGLMAFROEFNTATENKELY SYRRALYHALEVAR SR
24 2 m 25 251 261 7 201 215 02
[ Il Rl JF G LG ELVNGK IR GENWWPAT VY TWRAPAK REBIRAT SGMRWELRWEGDGK Y SEVSVDKLGPLMSESOYENSSALEKEWN SYKKAVY EALEVASKR
by B B 282 250 260 370 250 28 302
Spotted garfish [FGIGELVWGKIKGF SWWPGIVVTWRATGKRMMOA SPGMRWLOWFGDGKF SEVSADKLD SFMAFPKYFNQASYNKBLASYRRAIFOALEMASTR
192 0 m Zil 729 239 B 239 75 gl
S R El JFCEC = LUNGK Tk GE SWWRATVV SWRVBCK R ERLAT SCMR WEOWECDCKE S EVSTDKEVRL TAE SOYEH SSAYNKELVSY K RAVYQ SEETASTR
s I 2 5 iz 52 Gl 2 & 5
e Rl @ GIGELVHGKIKGE SHWPAIVV SWHRTPGRRIMOAATGMRWL OWFGDGKF SEVSADKLVPLTAIGOYFHT SAFNKIMLVSYKRAVFOALEIASSR
53 o 7 G 5 103 38 12 37 15
DNMT3 Ciona intestinalis (sea squirt) [PREDLLVWGKCRGFEGWWPGRIANTGELSGPIDPPDDPTRNIKWEGD EKFTETKVDDMAYLHDENAYFKEKSYNRBNRSYNLAVDLATK EAAHR)
&9 538 838 s 85 376 556 5% 905 918
Branchisotoma belcheri (amphioxus) YGMGELVFGKLKGYTWWPGRVVSCVETGRDRIPAPEGSCWVRWFGDGKF SIVOVDKLEPFGKFSOLYHERTYNRMS
. N 070 1,079 1085 1,09 L7 Thar 127 157 1346 1159
Acanthaster planci (starfish) AASDACWIKWFGDNKF SKVNLNOVIPFVOF SARFSOSTFLEMTALYRRAVFOALOLASTR
b 57 197 16 B

0 5 59 5 77

IEEWIEN Ll RO ENE ) IE R Y6 ELIWG K MK GENWWEG TV H H YASGRDERIAARSDACHVKWYEDDKESKENL SOVTPEFOF SAEESH STELEHTALY RRAVELALLMASTR
td a7a s w9 505 515 535 532 515

&
e Oy o I Gl R A )} ER GO EVEGK KK GRCHMEBG R TV E ¥ DR STRECPRRRETR NVOWEGD DK Y SELSEGOTAGH EDEBD YESY SAEO KN
Honeybee CRTe s i i i ¥ F DI R - - e F R A A I T 7Y O o o VR A e (A T RN TR
Camponotus floridanus (ant) KO ER SECCON MY EDY XV S EVR HEEEEKEYKCEEKMR DY TONIVK QCY EDCVEQASKDYCSE]
Zootermopsis nevadensis (termite)
Strigamia maritima (centipede)
Limulus polyphemus (horseshoe crab)
(@1 (o[ LRIV LTI Clelel o] ) JACV.G E EVMHAK EGCT R RREANVIWGAD CEOPERIPA R BGOTWVENECD E K LS EERRDKETDEVED ESNKESD EAGEE BXMEKRGUVEATK EVAVR]
/ g 68 2077 Yaar e S B Sas S G o33s
Priapulus caudatus (penis worm) ey # S S AeRmaTE Y SRR - - A I A E R SR PR - - - R T G

DNMT3A

Vertebrates

El
i<
fal
=
|
|
&l
G
)
|
<|
|
|
©
&

1

<!
&l
i<
o)
B
<!
=
o)
&l
=|
&
2l
|
&
=
=
ol
o)
El
<
<
&
|
o
5l
ol
o)
&l
&
T

'

:
|

|
|
)
<|
|
|
=|
|
!
|
|
)
&
o)
=|
=|
o
1
B=!
|
|
©
i<l
&l
o
i
g
|

6

PEGSLVWGKLRNFPWWPGITVDEHACGL SENCTIP SGOFCIFWFADRRVSGVONKWMKDFKKHEYEQCEDRTV
g 298 308 31 326 336 346 3%

SVGEVVWAKLGSTRWWPAILIWGSDCGOO
30 430 s

l

&l

ALYV SGVEEAVKLCAKR
363 376
ERPAHAGNTWIFWFGDHEKISETPRDREADETVNYNRY Y SGGGSERRIXK AFE CGVIEATLR ECAAR
58 68 475 ass 195 508
SVGEIIWAKLGSTRWWPAIVIWGTDCGOPRRIPAHPCOTWVENEGDHKXKESELPRDKEVDFVEEESSKESD FAGEREIX MEK R GV EATR EVAV H
1 01 a1 419 329 439 439 469

55
2

I

1 0

& &

2

Invertebrates

I

I
&

5 et

OCtOpuS PVGSVIWGKLSGFKPWPGLVINHEDIKKSSPLTVWVLWPGDYI(ISELPLSI(VTRPDY KVF SVAVTEALEVCAOQR

) e 1ot T 5 i tor 2ot % =

Nematostella vectensis (sea anemone) (I Taa A i RSB IR ATE YRy J - - I T RS R D0 S e S AT - - - SRS VY ER]
Stylophora pistillata (coral

c
LIGOLTWERLKGFDWWPGRVISHIEAQK SMMPAVEGSYWIKWFGD SKL SMLPVVCLRPLSEFKESEHLSRMRISMGLYKKATTDSLEVAAKR]
5 % 102 110 130 130 130
Acropora digitifera (coral G

Hydra vulgaris (Hydrozoan

i

i

I

VHGOLIWGRLKEGYDWWPGLIVSHLEAOKARRPPAP SNHWIKWECGDNKLSLLPFOCLRPFSKEKESLIPSKMREREIGTY K RAVED SLEVAVK R
651 661 671 679 589 ‘69 709 716 7

2

KIGDLVELGKLKGYDWWEGNVV SHRVIRORMMPAANDCHWIRWYGDHKVSEVELONIELLTSESNRYLPSKM
A A AA A A

23

LYLRATKELLEEAARR

=
0]

Amino acid type:
M Acidic M Hydrophobic/Neutral
M Basic M Polar

A Abrogates PWWP-H3K36me3 binding when mutated

Supplementary Figure 3 | PWWP domain conservation across DNMT3 genes. (a) Amino acid
sequence motifs representing the PWWP domain of DNMT3A and DNMT3B orthologues across
jawed vertebrates. Coloured triangles indicate specific positions that are known to abrogate

PWWP binding to H3K36me3 (red), differ between DNMT3A and DNMT3B but are variable in

»



invertebrate DNMT3 PWWP domain (green), and positions in which invertebrate DNMT3 are
similar to DNMT3A. Amino acid letters are colour coded per type as indicated in the legend.
Identity shows the total identity in a multi-sequence alignment including DNMT3A, DNMT3B and
invertebrate DNMT3 sequences. (b) Complete amino acid multi-sequence alignment of the
PWWP (Pro-Trp-Trp-Pro) motif from DNMT3A, DNMT3B, and invertebrate DNMT3 genes.

Alignment visualised using Geneious software.

Differences between mammalian CpH methylation patterns in neural and stem cells are attributed
to the distinct binding affinities of DNMT3A and DNMT3B*6. Stem cell CpH methylation and
DNMT3B are preferentially localised on transcribed gene bodies and enriched in the CAG
trinucleotide context. DNMT3B localisation to gene bodies is mediated by the PWWP domain
binding of H3K36me3®. In contrast, DNMT3A does not show such a preference in human
embryonic stem cells®, despite encoding a conserved PWWP domain that is able to bind
H3K36me2/3 in vitro®. Furthermore, neural CpH methylation is widespread across the genome,
suggesting that DNMT3A does not exclusively bind to gene bodies'. Additionally, invertebrate
CpG methylation is mostly restricted to gene bodies and has been shown to co-localise with
H3K36me3%°, suggesting that DNMT3B might be more similar to the ancestral invertebrate
DNMT3 enzymes. To test this idea, we constructed an alignment of DNMT3 enzymes
(Supplementary Fig. 9). Counterintuitively, we found that the PWWP domains of invertebrate
DNMT3 share higher identity with those of DNMT3A (44%) than DNMT3B (39.2%), highlighting
that DNMT3A has accumulated less changes than DNMT3B. Five of the six mutations in the
PWWP domain that have been shown to abrogate DNMT3A and DNMT3B preference for
H3K36me3'"*488 gre highly conserved between the ohnologues (Fig. 4d), and thus are not likely
to mediate differences in histone tail modification affinity. However, glutamine in position 232
(Q232) of human DNMT3B is not shared with DNMT3A genes, which has a hydrophobic

methionine in that position. Therefore, differences between PWWP domain key amino acid



positions are likely to explain the distinct binding affinities of DNMT3 family enzymes in
vertebrates, likely fostering the specialisation of each ohnologue into distinct binding patterns and
expression domains. Supporting the central role of PWWP in DNMT3 diversification, both
DNMT3L and DNMT3C, a rodent-specific DNMT3B paralogue®’, have lost the PWWP domain,
which likely allowed novel functions for these genes to emerge. A similar process of specialisation
must have occurred at the methyltransferase domain, given the known preference for CAT
trinucleotide of DNMT3B, instead of the CAC that characterises DNMT3A and neural CpH
methylation. In summary, the redundancy of DNMT3 enzymes is a product of the vertebrate
ancestral WGD that was fundamental to allow neofunctionalization of the ohnologues, likely

conferring neural-specific functions to DNMT3A at the origin of vertebrates.



