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Supplementary Fig. 1. Overview of the workflow for WGBS and WGS data processing and
differential methylation analyses.
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Supplementary Fig. 2. Comparison of evolutionary conservation scores demonstrate rapid

divergence of CG contexts. We used PhastCons and PhyloP for evolutionary conservation
scores. Specifically, we classified all cytosines into four different cytosine contexts based on the
subsequent base (i.e. CA, CC, CG, and CT). For each cytosine context, we computed a mean
conservation score of 100,000 randomly selected cytosine sites. Then, we repeated this process
1,000 times and compared the mean conservation scores across cytosine contexts. The Y-axis
represents the mean conservation score resulting from the cytosine of 100,000 randomly selected
positions in each context. Each boxplot displays the mean conservation scores of 1,000 trials.
Box represents a range from the first quartile to the third quartile. The line in the box indicates the
median value. The minima and maxima are within 1.5 times the distance between the first and
third quartiles from box.
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Supplementary Fig. 3. Loss of CG sites over evolutionary time. (A) Comparison of the total
number of CpGs in either the human (hg19) or chimpanzee (panTro5) genomes with the total
number of conserved CpGs in genic regions in both genomes or in non-genic regions in both
genomes. (B) Comparison of the total number of CpGs in human (hg19) or macaque (rheMac8)
genomes with the total number of conserved CpGs in genic regions in both genomes or in non-
genic regions in both genomes. (C) Dinucleotide composition of CpGs of rheMac8 in the hg19
genome.
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Supplementary Fig. 4. Comparison of fractional methylation between conserved CG sites and
species-specific CG sites in humans. To illustrate, a subset of 100,000 sites were selected for
each CG group. A one-tailed t-test was conducted to test whether conserved CG sites are biased
toward hypomethylation. Box represents a range from the first quartile to the third quartile. The
line in the box indicates the median value. The minima and maxima are within 1.5 times the
distance between the first and third quartiles from box.
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Supplementary Fig. 5. Distribution of evolutionarily conserved CpGs and variable CpGs in
different functional genomic regions. Fold-enrichment was computed from the occurrences of the
CpGs for each feature compared to random control sets (h=100). Red dashed lines indicate fold-

enrichment values of 1.
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Supplementary Fig. 6. Transcription factor families with differential motif enrichment in
conserved CpGs (gray dots) vs. human-specific-CpGs (variable CpGs, blue dots) in (A) core v11
and (B) full HOCOMOCO v11 databases.
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Supplementary Fig. 7. Hierarchical clustering of CG methylomes for (A) Chimpanzees and (B)
macaques. Names ending in ND represent neuronal (NeuN+) cell samples and names ending in
OD represent oligodendrocyte (OLIG2+) cell samples. (C) An example CG DMR between NeuN+
and OLIG2+ cells spanning the entirety of QKI, a gene involved in oligodendrocyte function. This
gene is consistently hypomethylated in oligodendrocytes compared to neurons in all three
species.

=) =) [alala/a/aaa/a/a/a/a/a/aaaaa/alala/aaaaalalala)
~Z2ZZzzzzzzzZ o OOOOOOOOOOOO\O\\\IIIIIIII\\\II

A B
Cluster Dendrogram Cluster Dendrogram
Chimpanzee samples Macaque samples
o
o _
s | N
o
o
g g -
8 4
. 8- 8
c < <
=l = -
(0] (0]
T g | |f |7 T
N o -
-
o - o -
[a)a) [a)a]
zz 00

ND
ND
ND
ND
ND
ND
ND
ND

oD
oD
oD
oD
oD
oD
oD
oD

NYTOOONOOMN O DNOON

SRR O BRIT eI nSIR2835R %3?88’@‘2&‘?&%R’SQOmommﬁ’%ﬂ’?R%%ﬁS%
RO T NCRO M- MOmOOMNy T MO ~OANND = FO——0 Y 5N O N VOGN -
NOWOONTTOOWOUBIONOCOSF VOGN v—vawv—moc\lmo‘n—v—C\IOv—v—O:O’)(\IO’)vv—CONOvv—
OrmrZOOrr rOrorrOrmr—Z200 T+ Zv—y—OOZOZy—OOy—Zv—ZT_ZOO‘I—Ov—ZOv—ZOZ
ZZ2Z>Z2Z2Z2Z22222Z2Z2Z2Z22Z2>222 > Z> SZ>-Z> >ZZ>-Z>
S5 55555555555555T555 SESSTSTESSSTSTSISSSSSISSTS

hclust (*, "ward.D") hclust (*, "ward.D")

el ) e s S ae

cell-type == NeuN+ == Olig2+ 25 Kbp



Supplementary Fig. 8. (A) Genomic locations of human DMRs show that most DMRs are within
or nearby genes and (B) enriched in promoters and genic regions. Fold enrichment is computed

by occurrences of DMRs in each genomic feature compared to GC matched control region sets
(n=100).
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Supplementary Fig. 9. Genomic windows (200bps each) containing mQTLs are more often
associated with DMRs than genomic windows containing SNPs matched for their minor allele
frequency (MAF) (control) of the same size across different GC contents.
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Supplementary Fig. 10. Genomic locations of human neuron-specific hypomethylated CG DMRs
are enriched in cell-type specific human brain epigenetic marks. Fold enrichment is computed by
observed numbers of DMRs (red dashed line) overlapping with each neuron-specific epigenetic
mark compared to GC matched control region sets (n=100).
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Supplementary Fig. 11. Enhancer enrichment at human-specific hypomethylated CG DMRs. 25
chromatin state-model maps based on 6 chromatin mark ChIP-Seq experiments (H3K4me3,
H3K4me1, H3K36me3, H3K27me3, H3K9me3 and H3K27ac) were obtained from the Roadmap
Epigenomics Project. Each dot represents the enrichment for enhancer-related states (TxReg,
TxEnh&%', TXEnh3', TXEnhW, EnhA1, EnhA2, EnhW1, EnhW2, and EnhAc) compared to 100 sets
of GC-content matched control DMR sets for a given cell-type or tissue. The original 117 cell-type
and tissue-types were grouped into 11 categories shown in the y-axes (total number of cell-
typel/tissues per group is indicated). Empirical P<0.01 for all enrichments.
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Supplementary Fig. 12. (A) Human neuron-hypo CG DMRs are significantly co-localized with
enhancer-promoter (E-P) pairs and ncHARs (red dashed lines). Null distributions were plotted
based on the GC matched control region sets (n=100) that overlap with enhancer-promoter pairs
and ncHARs. (B) Chimpanzee DMRs that overlap with enhancer-promoter pairs and ncHARs
were falling in the distribution based on the GC matched control region sets (n=100) that overlap
with enhancer-promoter pairs and ncHARs.
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Supplementary Fig. 13. (A) Distribution of DNA methylation differences between human and
chimpanzee brain cell-types at human-specific hypomethylated DMRs with and without enriched
TF motifs. P-values for one-sided Wilcoxon signed-ranked test with alternative = greater (TF
n=2439 vs non-TF n=652 for each cell-type). (B) Same as in panel A but separated by the specific
TF enriched (FOXP1n=1996, FOXK1 n=1906, NFIC n=462 and non-TF n=652 for each cell-type).
(C) Distribution of gene expression differences between human and chimpanzee at human-
specific hypomethylated DMRs with and without enriched TF motifs. P-values for one-sided
Wilcoxon signed-ranked test with alternative = greater (NeuN+: TF n=1110 vs non-TF n=7262,
and OLIG2+: TF n=1031 vs non-TF n=6529). (D) Same as in panel C but separated by the specific
TF enriched (NeuN: FOXP1 n=957, FOXK1 n=901, NFIC n=248, non-TF n=7262, and OLIG2:
FOXP1 n=892, FOXK1 n=833, NFIC n=229 and non-TF n=6529). Box represents a range from
the first quartile to the third quartile. The line in the box indicates the median value. The minima
and maxima are within 1.5 times the distance between the first and third quartiles from box.
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Supplementary Fig. 14. Evolutionary lineages and their divergence time among the three
primate species. Human-specific methylation changes are depicted in blue and chimpanzee-
specific methylation changes are shown in grey. Sites in which macaque show methylation
divergence from human and chimpanzee but exhibit no difference between human and
chimpanzee are denoted in green. Numbers of CH sites showing significant methylation
changes on the three evolutionary lineages are plotted.
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Supplementary Fig. 15. Correlation between gene expression and CH methylation in neuronal
cells across all three primate species.

Promoter Gene Body
0.1004 Spearman rho = -0.442 Spearman rho = -0.531
+ 0.006 + 0.0025
= 0.075 0.005 >
" r3z 0.0020
o2 0004 O2
E:) c 0.050+ 0.003 EE) = 0.0015
EE 0.002 EE 0.0010
=] =]
0.001 0.0005
T 0.0251 T
0.000- - i — .
5000 10000 5000 10000
Gene expression rank (low to high) Gene expression rank (low to high)
Promoter Gene Body
Spearman rho = -0.42 Spearman rho = -0.553
2 0.075 2 0.075+
- é ) 0.005 - é 0.0025
0.0020
28 0004 G 9 0,050
E:) N 0.050 0.003 E:) N 0.0015
ES 0002 ES 0.0010
S . S
= 0.025 0.001 £ 0.025 0.0005
o o
0.000- - - 0.000 . .
5000 10000 5000 10000
Gene expression rank (low to high) Gene expression rank (low to high)
Promoter Gene Body
0.08- Spearman rho = -0.434 Spearman rho = -0.54
0.06 1
E 0.06 E
a:) é : 0.006 a:) é 0.003
To 0004 T o 0-041 0.002
€S 0ooo2 EJ 0.001
&} . &) .
S 5] A AL
= 0.02 = 0.021 //.;g,; Ay
=i
0.00-

5000 10000 5000 10000
Gene expression rank (low to high) Gene expression rank (low to high)



Supplementary Fig. 16. Correlation coefficient between different methylation contexts and
between methylation and gene expression in human NeuN+.
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Supplementary Fig. 17. Relationship between CH gene body methylation (relative difference
between species, X-axis) and CG promoter methylation (relative difference between species, Y-
axis) in different gene types. DEG: differentially expressed gene list from Berto et al. 2019.
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Supplementary Fig. 18. (A) Gene expression in human and macaque for CH DMR genes over
developmental time points (Human CH DMR genes, n = 450 and Chimpanzee CH DMR genes,
n =144). Macaque samples were age-matched to human developmental time points (PCW: Post
conception week; M: Month; Yr: Year). Same as in panel A but (B) using CG DMR genes (hypo;
Human DMR genes, n = 742 and Chimpanzee DMR genes, n = 201) and (C) using CG DMR
genes (hyper; Human DMR genes, n = 223 and Chimpanzee DMR genes, n = 627). Box
represents a range from the first quartile to the third quartile. The line in the box indicates the
median value. The minima and maxima are within 1.5 times the distance between the first and
third quartiles from box.
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Supplementary Fig. 19. Gene expression of lineage-specific CH DMR genes (Human CH DMR
genes, n = 590 and Chimpanzee CH DMR genes, n =159) in neuronal (NeuN+) cell samples and
oligodendrocyte (OLIG2+) cell samples. Statistical significance was calculated using two-sided
Mann-Whitney U-test. Box represents a range from the first quartile to the third quartile. The line
in the box indicates the median value. The minima and maxima are within 1.5 times the distance
between the first and third quartiles from box.
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Supplementary Fig. 20. CH methylation of single cell methylomes. (A) Boxplots display average
methylation differences between human CH DMR genes (n = 674) and Chimpanzee CH DMR
genes (n = 173) of neuronal cells for neuronal subtypes. (B) As a control, we randomly selected
the same number of genes. Box represents a range from the first quartile to the third quartile. The
line in the box indicates the median value. The minima and maxima are within 1.5 times the
distance between the first and third quartiles from box.
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subsets and the red lines indicate the observed values for human-derived NeuN+ Hypo DMRs.
(C) and (D) Similar analyses for subsampling of human hyper CH DMRs to match the number
and length distribution of chimpanzee hyper CH DMRs. Boxplots show the human hyper CH DMR
subsets, red lines indicate observed chimpanzee hyper DMRs and blue lines indicate observed

human hyper DMRs (full set). Box represents a range from the first quartile to the third quartile.
The line in the box indicates the median value. The minima and maxima are within 1.5 times the

Supplementary Fig. 21. (A) and (B) Enrichment and P-values for schizophrenia heritability at
100 subsets of conserved NeuN+ Hypo DMRs that match the number and length of human-
derived NeuN+ Hypo DMRs. Boxplots show the results of 100 conserved NeuN+ Hypo DMR
distance between the first and third quartiles from box.
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Supplementary Fig. 22. Proportions of differentially methylated loci (DML) in 5-
hydroxymethylcytosines and 5-methylcytosines. We examined the cytosines that are orthologous
across the three species. The proportions of DML at hmC loci (4.2%) and mC loci (4.2%)

showed no difference.
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Supplementary Fig. 23. Representative FANS plot of neurons and oligodendrocytes. (A) Single
nuclei were isolated by size and granularity. (B) For neuron (NeuN+) and oligodendrocyte
(OLIG2+) sorting, Alexa 488 conjugated NeuN antibody and Alexa 555 conjugated OLIG2
antibody were used, respectively. “-/-” denotes neither NeuN+ nor OLIG2+ nuclei. (C) An example
of nuclei population of a chimpanzee sample. Figures modified from Berto et al. 2019.
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Supplementary Fig. 24. Multidimensional scaling plot (MDS) of SNPs shared among the 11
chimpanzees (whole-genome sequencing data; black diamonds) and bonobo and chimpanzees
from De Manuel et al. for chromosome 20 using 75,575 common SNPs. (A) MDS of bonobo and
chimpanzees. (B) MDS of chimpanzee individuals only.
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