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Supplementary Figure legends 10 

Supplementary data Figure 1. Antigen specificity assay of the 20B2 monoclonal antibody 11 

and a phylogeny of H2A isoforms. 12 

a, Synthetic peptides with (GP) or without (NP) O-GlcNAcylation were subjected to ELISA 13 

using 20B2 as a primary antibody. b, WB analysis of mESC whole-cell lysates with 20B2. 14 

There is a 20B2-positive band (left lane). The 20B2 band was vanished by pre-incubation with 15 

GP (1 g/ml) (right lane). c, WB analysis with 20B2 (left lane) and silver stained (right lane) 16 

crude histone extracts of mESCs. d, Purified Flag-tagged recombinant H2A3 produced by 17 

mESC (ES-FLAG H2A3, blue) was subjected to ELISA using 20B2 as a primary antibody. We 18 

used anti-FLAG antibody to normalize H2A3 levels. E. coli recombinant proteins (E. coli-19 

FLAG H2A3, orange) were used for negative control of O-GlcNAc modification. e, Amino acid 20 

sequence-based phylogeny of genes for mouse canonical H2A isoforms. The amino acid at 21 

position 40 (Ser40or Ala40) and the gene cluster numbers are shown in the right margin. 22 

 23 

Supplementary data Figure 2. Mass spectrometry of G37-K74 peptide on H2A. 24 
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Summary of the theoretical values of MS/MS fragments of G37-K74 peptide. The observed ions 25 

in Fig. 2b and 2c are written in red. 26 

 27 

Supplementary data Figure 3. Phylogeny of H2A isoforms of animals. 28 

Phylogenetic relationship of canonical H2A proteins in selected animal species (human, 29 

macaque, cow, horse, rat, mouse, wallaby, platypus, chicken, frog or Xenopus, zebrafish, and 30 

fruit fly). The amino acid at position 40 (Ser40 or Ala40) and the cluster numbers of genes for 31 

respective H2A isoforms are shown in the right margin. 32 

 33 

Supplementary data Figure 4. ChIP-seq analysis of TS and dTS. 34 

a, As the validation of 20B2 for ChIP, mESC chromatin (an equivalent amount of 1 μg genomic 35 

DNA) and 3 μg of 20B2 were used. The 20B2-positive band (IP) was vanished when 20B2 was 36 

pre-incubated with GP （IP+GP, 3 μg GP）, but not with NP (IP+NP, 3 μg GP). Mouse IgG as a 37 

negative control. b, Shearing check of chromatin used in ChIP-seq. There was no long chromatin 38 

in both TS and dTS samples. c, The gene ontology enrichment analysis of biological processes 39 

and KEGG pathway analysis of genes harbouring H2AS40Gc. Top five categories for each 40 

analysis of TS-specific and dTS-specific target genes. d, H2AS40Gc target genes in dTS related 41 

to the Wnt signal pathway (red boxes). 42 

 43 

Supplementary data Figure 5. Schematic model for the acquisition of H2A Ser40 O-44 

GlcNAcylation in the evolutionary process. The emergence of the Ser40 isoform of canonical 45 

H2A and its O-GlcNAcylation occurred at the time of the acquisition of placenta. In the histone 46 

octamer, two H2A molecules interact at the L1 loop of the globular domain where S40 can be 47 

O-GlcNAcylated. H2AS40Gc may produce complexity of the chromatin through the variety of 48 

nucleosomes.  49 

 50 
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Supplementary data Table 1. Primer lists. For construction of 3xFlag-fused H2A3 and H2A3-51 

mutant overexpression vectors a-e, same alphabet indicate that primer is used as the combination. 52 

 53 

Supplementary Information.   Uncropped images with size maker indications 54 

 55 



GP041

NP041

GP537

NP537

GP069

NP069

LLGRVT (GlcNAc) IAQGG

LLGRVTIAQGG

RDAVTYT (GlcNAc) EHAK

RDAVTYTEHAK

RKGNYS (GlcNAc) ERVGA

RKGNYSERVGA

1,000 100 10 1 0.1 0.01 0.001

Peptides (ng/well)

GP041

NP041

GP537

NP537

GP069

NP0694
9
0
 n

m
 O

D

a b c

Crude
Histone

H3
H2A / H2B
H4

25

20

17

11

d

e

1.2

1.0

0.8

0.6

0.4

0.2

0
0 0.5 1.0 1.5

Flag 490 nm OD

2
0
B

2
 4

9
0
 n

m
 O

D

ES-Flag H2A3

E.coli. -Flag H2A3

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-GlcNAcylation 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 g/ml) (right lane). c, 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-GlcNAc modification. e, Amino acid sequence-based phylogeny of genes for mouse 
canonical H2A isoforms. The amino acid at position 40 (Ser40or Ala40) and the gene cluster numbers are shown in the right margin.
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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.



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 (Ser40 or Ala40) 
and the cluster numbers of genes for respective H2A isoforms are shown in the right margin.
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Supplementary data Figure 4. ChIP-seq analysis of TS and dTS. a, As the validation of 20B2 for ChIP, mESC chromatin (an equivalent amount of 1 μg 
genomic DNA) and 3 μg of 20B2 were used. The 20B2-positive band (IP) was vanished when 20B2 was pre-incubated with GP （IP+GP, 3 μg GP）, but not 
with NP (IP+NP, 3 μg 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. c, 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).
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Supplementary data Figure 5. Schematic model for the acquisition of H2A Ser40 O-GlcNAcylation in the evolutionary process. The emergence of the 
Ser40 isoform of canonical H2A and its O-GlcNAcylation 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-GlcNAcylated. H2AS40Gc may produce complexity of the chromatin through the variety 
of nucleosomes. 
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Primer name Sequence

3xFlag_H2A3_F1a AAAGATCATGATATCGATTACAAGGATGACGATGACAAGATGTCTGGTCGTGGCAAGCAGGGCG

3xFlag_H2A3_Ra, c AAGAGCCTTTGGTGTCTGTAAAAGTC

3xFlag_F2c, d CACCATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGATATCGATTACAAGG

3xFlag_Rd 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 a-e, same alphabet indicate 
that primer is used as the combination.
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