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Supplementary Figure legends

Supplementary data Figure 1. Antigen specificity assay of the 20B2 monoclonal antibody
and a phylogeny of H2A isoforms.

a, Synthetic peptides with (GP) or without (NP) O-GIcNAcylation were subjected to ELISA
using 20B2 as a primary antibody. b, WB analysis of mMESC whole-cell lysates with 20B2.
There is a 20B2-positive band (left lane). The 20B2 band was vanished by pre-incubation with
GP (1 pg/ml) (right lane). ¢, WB analysis with 20B2 (left lane) and silver stained (right lane)
crude histone extracts of mESCs. d, Purified Flag-tagged recombinant H2A3 produced by
MESC (ES-FLAG H2A3, blue) was subjected to ELISA using 20B2 as a primary antibody. We
used anti-FLAG antibody to normalize H2A3 levels. E. coli recombinant proteins (E. coli-
FLAG H2A3, orange) were used for negative control of O-GIcNAc modification. e, Amino acid
sequence-based phylogeny of genes for mouse canonical H2A isoforms. The amino acid at

position 40 (Ser*or Ala*’) and the gene cluster numbers are shown in the right margin.

Supplementary data Figure 2. Mass spectrometry of G37-K74 peptide on H2A.
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Summary of the theoretical values of MS/MS fragments of G37-K74 peptide. The observed ions

in Fig. 2b and 2c are written in red.

Supplementary data Figure 3. Phylogeny of H2A isoforms of animals.

Phylogenetic relationship of canonical H2A proteins in selected animal species (human,
macaque, cow, horse, rat, mouse, wallaby, platypus, chicken, frog or Xenopus, zebrafish, and
fruit fly). The amino acid at position 40 (Ser®° or Ala*®) and the cluster numbers of genes for

respective H2A isoforms are shown in the right margin.

Supplementary data Figure 4. ChlP-seq analysis of TS and dTS.
a, As the validation of 20B2 for ChIP, mESC chromatin (an equivalent amount of 1 pug genomic
DNA) and 3 pg of 20B2 were used. The 20B2-positive band (IP) was vanished when 20B2 was

pre-incubated with GP  (IP+GP, 3 ug GP) , but not with NP (IP+NP, 3 pg GP). Mouse IgG as a

negative control. b, Shearing check of chromatin used in ChIP-seq. There was no long chromatin
in both TS and dTS samples. ¢, The gene ontology enrichment analysis of biological processes
and KEGG pathway analysis of genes harbouring H2AS40Gc. Top five categories for each
analysis of TS-specific and dTS-specific target genes. d, H2AS40Gc target genes in dTS related

to the Wnt signal pathway (red boxes).

Supplementary data Figure 5. Schematic model for the acquisition of H2A Ser* O-
GlIcNAcylation in the evolutionary process. The emergence of the Ser* isoform of canonical
H2A and its O-GIcNAcylation occurred at the time of the acquisition of placenta. In the histone
octamer, two H2A molecules interact at the L1 loop of the globular domain where S40 can be
O-GIcNAcylated. H2AS40Gc may produce complexity of the chromatin through the variety of

nucleosomes.
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Supplementary data Figure 1. Antigen specificity assay of the 20B2 monoclonal antibody and a phylogeny of H2A isoforms. a, Synthetic peptides
with (GP) or without (NP) O-GIcNAcylation were subjected to ELISA using 20B2 as a primary antibody. b, WB analysis of mESC whole-cell lysates with
20B2. There is a 20B2-positive band (left lane). The 20B2 band was vanished by pre-incubation with GP (1 pg/ml) (right lane). ¢, WB analysis with 20B2
(left lane) and silver stained (right lane) crude histone extracts of mESCs. d , Purified Flag-tagged recombinant H2A3 produced by mESC (ES-FLAG H2A3,
blue) was subjected to ELISA using 20B2 as a primary antibody. We used anti-FLAG antibody to normalize H2A3 levels. E. coli recombinant proteins (E.
coli-FLAG H2A3, orange) were used for negative control of O-GIcNAc modification. e, Amino acid sequence-based phylogeny of genes for mouse
canonical H2A isoforms. The amino acid at position 40 (Ser“°or Ala*°) and the gene cluster numbers are shown in the right margin.



MS/MS fragmentation of GNYSERVGAGAPVYLAAVLEYLTAEILELAGNAARDNE

b b++ Res 'S Y+ b b++ Res v y++ Y+
58.029 29518 1 Gly 38 - 58.029 29518 1 Gly 38 -
172.072 86.54 2 Asm 37 3922.04 1961.52 172.072 86.54 2 Asn 37 412511 206306 1375.71
335136 16B.071 3 Tyr 36 380799 159045 335136 188.071 3 Tyr 36 4011.07 200604 13377
422168 211587 4  Ser 35 364493 182297 625.247 313.127 4 H:;F:-.ﬂ\t 35 3848.01 152451 128334
551.21 276.109 5 Glu 34 3557.9 1779.45 754.29 377.645 5 Glu 34 3557.9 177945 1186.64
707.311 354.159 6 Arg 33 3428.85 1714.53 910.391 455.699 6 Arg 33 3428.85 171453 114362
806.38 403.693 7 Wal 32 327275 1836.88 1005.456 505.233 7 Val 32 327275 163688 109159
863.401 432204 8 Gy 31 3173.69 1587.35 1066.48 533.744 8 Gy 31 3173.69 1587.35 1058.57
934438 467.723 9 Ala 30 311666 1558.84] 1137.52 569.262 9 Ala 30 3116.66 1558.84 103956
991.46 495234 10 Gy 29 304563 1523.32 118454 587773 10 Gly 29 304563 152332 101588
10625 531.752 11 Ala 28 298861 145481 1265.58 £33.292 11 Al 28 2988.61 149481 996873
115855 5B0.278 12 Pro 27 291757 1459.29 1362.63 6B1.818 12 Pro 27 2917.57 145925 973194
125862 £29.813 13 val 26 282052 1410.7g 14517 731.352 13 Val 26 282052 141076 940.843
142168 711.344 4 Tyr 25 272145 1361.23 1624.76 812.884 14 Tyr 25 272145 136123 907.82
153477 767.886 15 lew 24 255838 12797 173785 B869.424 15 lew 24 2558.38 12797 B53.466
1605.8 803.405 16  Ala 23 24453 1223.15 1808.88 904.945) 16 Ala 23 24453 122315 B15.771
1676.84 838923 17 Ala 22 237426 1187.64] 187592 940463 17 Ala 22 237426 118764 792092
177551 888.458 18 val 21 2303.23 1152.12 1978.99 989.997) s  val 21 2303.23 1152.12 768.413
1888.99 345 19 lew 20 220416 1102.58 2092.07 1046.54 18 leu 20 220416 110258 73539
2018.04 1009.52 20 Glu 19 2091.07 1046.04) 2221.11 1111.06| 20 Glu 19 2091.07 10456.04 697.696
21811 1091.05 21 Tyr 1B 1562.03 981.518 238418 119255 21 Tyr 18 1562.03 9B81518 654681
179418 11476 22 lew 17 1798.57 B99.987 2497.26 1249.13 22 lew 17 1798.57 B99.987 600.327
239523 1198.12 23 Thr 16 168588 843.445 259831 129566 23 Thr 186 1685.88 843445 562632
246627 1233.64 24 Ala 15 1584 84 792.92] 266935 1335.18 24 Al 15 158484 792921 52895
258531 1298.16 25 Glu 14 1513.8 757.402 279839  1359.7 25 Glu 14 15138 757402 505.271
2708.39 1354.7 26 lle 13 1384.76 ©692.88]) 2911.47 1456.24 26 lle 13 133476 692.881 462.256
282148 1411.24 27 lew 12 127167 636.335] 302456 1512.78 27 lew 12 127167 636.339 424562
2950.52 1475.76 28 Glu 11 1158.5% 579.797 3153.6  1577.3] 28 Gl 11 1158.59 579.797 386.867
30636 1532.31 29  lew 10 1023.54 515.276 326668 1633.85 29 leu 10 102354 515276 343853
3134.64 1567.82 30 Ala 9 516.46 458.734) 3337.72 1669.36) 30 Al 9 51645 458.734 306.158
319166 1586.34 31 Gy B8 845423 423215 339474 1697.88 31 Gy B 245423 423215 282479
3305.71 1653.36 32 Asn 7 788401 394.704 3508.79  1754.9 32 Asn 7 788.401 354.704 263.472
3376.74 16B8.88 33 Ala 6 674.35% 337.683 3579.82 1790.42 33 Al 6 674.359 337.683 225.458
3447.78 1724.39 34 Ala 5 603.321 302.164 3650.86 1825.93 34 Al 5 603.321 302.164 201.779
360388 1B02.44 35 Arg 4 532.284 266.646 3806.96 1903.95 35 Arg 4 532.284 266.646 178.1
371851 1B55.96 36 Asp 3 376.183 18E.595) 3921599 19615 36 Asp 3 376.183 1BB555 126.066
383295 1916.98 37 Asm 2 261.156 131.082 4036.03 2018.52 37 Asn 2 261.156 131082 87724
- 38 Lys 1 147.113 74.08 38 Lys 1 147.113 74.06

Supplementary data Figure 2. Mass spectrometry of G37-K74 peptide on H2A . Summary of the theoretical values of MS/MS fragments of G37-K74
peptide. The observed ions in Fig. 2b and 2c are written in red.
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Supplementary data Figure 3. Phylogeny of H2A isoforms of animals. Phylogenetic relationship of canonical H2A proteins in selected animal species
(human, macaque, cow, horse, rat, mouse, wallaby, platypus, chicken, frog or Xenopus, zebrafish, and fruit fly). The amino acid at position 40 (Ser*® or Ala*°)
and the cluster numbers of genes for respective H2A isoforms are shown in the right margin.
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Supplementary data Figure 4. ChlP-seq analysis of TS and dTS. a, As the validation of 20B2 for ChIP, mESC chromatin (an equivalent amount of 1 pg
genomic DNA) and 3 pg of 20B2 were used. The 20B2-positive band (IP) was vanished when 20B2 was pre-incubated with GP (IP+GP, 3 ug GP), but not
with NP (IP+NP, 3 ug GP). Mouse IgG as a negative control. b, Shearing check of chromatin used in ChlP-seq. There was no long chromatin in both TS and
dTS samples. ¢, The gene ontology enrichment analysis of biological processes and KEGG pathway analysis of genes harbouring H2AS40Gc. Top five
categories for each analysis of TS-specific and dTS-specific target genes. d, H2AS40Gc target genes in dTS related to the Wnt signal pathway (red boxes).




11 11
Zebrafish Mammary gland
F'S;(ht icali sac Chorio-allantoic
tropicalis placenta placenta
Platypus Wallaby Mouse

oS Cow
Amphibian » \\// 3 Macaque Human
Bird ||Monotrematal | Marsupialia Eutheria -

Mammalia
H2AA40
H2AS40

O-GlcNAcylated

Genome-wide complexity of chromatin

Supplementary data Figure 5. Schematic model for the acquisition of H2A Ser® O-GIcNAcylation in the evolutionary process. The emergence of the
Ser isoform of canonical H2A and its O-GIcNAcylation occurred at the time of the acquisition of placenta. In the histone octamer, two H2A molecules
interact at the L1 loop of the globular domain where S40 can be O-GIcNAcylated. H2AS40Gc may produce complexity of the chromatin through the variety
of nucleosomes.



Primer name Sequence

3xFlag_H2A3_F12 AAAGATCATGATATCGATTACAAGGATGACGATGACAAGATGTCTGGTCGTGGCAAGCAGGGCG
3xFlag_H2A3_R> ¢ AAGAGCCTTTGGTGTCTGTAAAAGTC

3xFlag_F2¢ d CACCATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGATATCGATTACAAGG
3xFlag_R¢ CTACTTGTCATCGTCATC

H2A3-S40A_Fe AATTATTCGGAGCGGGTGGGCGCTGGT

H2A3-S40A Re CCGCTCCGAATAATTACCCTTACGGAG

Supplementary data Table 1. Primer lists. For construction of 3xFlag-fused H2A3 and H2A3-mutant overexpression vectors ¢, same alphabet indicate
that primer is used as the combination.



Supplementary Information. Uncropped images with size maker indications

Fig.1a Fig.1c RN i "
2082 » : o-H2A 2082 .‘.q. '
25—' w '
2/ g 20—! e i
20— - -t : — 17 i i i -
= 17— = :
25— 7; — S e s TN R ; i E
20— e 20— i =
i e il 17 — i}
1= 11—
S oH2B oH3
252 =" ! =
255 - B 20 = — : —— l——— =
2082 20— - i S a7 '
u-i” i e S R : “
Rl - - - 11
o-H4
25
o 20 —; .
! i
17 _i i E -—
1 b e
Fig.1d Fig. 2a
20 a-H2A o-H2B. g
2% _
2 .. N
e W 5 :
.
o-H3 o-He o-H2BS112Gc
- 25
2% = 20
20 = R 2
v .
ir 11




Supplementary Information.

Uncropped images with size maker indications

Fig. 2cHRESStt s aneta o5 Fig. 2d
. 2082
: ' 2082
25 _, ; '
© 20— o |
i 5. e
e
20— i
17&& - Pe— ; —
W= T
o-H2A
25_- 1l
2 s -
17 )
Gl s g

Fig. 2e

2082

2082

o-H2A

"
1L
)




Supplementary Information. Uncropped images with size maker indications
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Supplementary Information. Uncropped images with size maker indications
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