Supplementary information

Mechanism of EHMT2-mediated genomic imprinting associated with Prader-Willi syndrome
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(a) ChIP—qPCR quantification of H3K9me2 and H3K9ac in brains of E18 mice at basal condition (n=3
per group). (b) Heat map of differentially expressed genes in the comparison of control (Ehmt2";m"* /p>" 7™
EGEPY and Ehmt2 cKO (Nestin-Cre*/+;Ehmt2”;m>"PE*P/n*) forebrain at p10. (c) Correlation of mRNA
expressions between Galnt6, Cdh15, DIkl and EHMT?2 genes. (d) Representative western-blot images for
UBE3A and B-Actin in the forebrains of mice at p10 and Quantification graph of protein levels. (e) Peak
from RNA-sequencing in the region of Ube3a. (f) Enrichment plot for top one data set enriched in gene
ontology analysis shows the profile of the running ES Score and positions of gene set members on the
rank-ordered list. (g) Gene sets significantly enriched (FDR g-val < 0.25) in the Nestin-

Cre*"; Ehmt2”:m "7 £ /5" using the Gene Ontology Cellular Components (left) and Biological Process

(right), order by NES with the number of genes assigned to each gene set.
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Supplementary Fig. 2

(a) Methylation of CGI of PWS-IC overlapped with SNRPN Exon 1 was decreased after treatment with
5-Aza. (b) Representative western blot images for H3K9me?2 and Histone H3. The level of H3K9me2 was
not decreased in human fibroblasts after treatment with 5-Aza (Control, PWS; Prader-Willi Syndrome,

AS; Angelman syndrome).
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Supplementary Fig. 3



(a, b) Principal Component Analysis (PCA) assay showing the separate clustering of different samples
and the clustering of each replicate of the same condition together. (c-e)Genome viewer screenshot
demonstrating EAmt2 catalytic mutant (CM), EAimt2/Ehmt1 double knockout (DKO), Dnmt3a/3b (DKO),
or Dnmtl/3a/3b triple knockout (TKO) contributing to overexpression of imprinted genes, (¢) Dik1, (d)

Cdhl5, (e) Galnt6 regardless of open/closed chromatin status in mouse embryonic stem cells.
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Supplementary Fig. 4

(a) 2D contact map of a region of chromosome 15 showing TADs (yellow) as boxes of enriched contact

frequency and loops (cyan) at 50-Kb resolution. A region of chr15:24,500,000-26,200,000 (Fig. 4a) is



indicated by black bar in 2D contact map. (b) This Juicebox screenshot visualizing a region of 1.1 Mb locus
(chr15:23,400,000-24,400,000) at 5-Kb resolution (Normalization; SCALE). A paternal specific loop is

indicated by arrow (black) in 2D contact map.
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Supplementary Fig. 5

(a) Peaks from chromatin-associated RNA sequencing

SNHG 14 Hitit—-H  SNORD115-8 | SNORD115-48 |

in the region of chr15:24,550,000-25,250,000. (b)

Schematic of crosslinking and immunoprecipitation (CLIP) experiment. Created in BioRender. Qiao, S.

(2025) https://BioRender.com/k51z695
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Supplementary Fig. 6

Peaks from chromatin-associated RNA sequencing in the region of (a) chr15:22,200,000-23,800,000 and

(b) chr15:25,040,000-25,140,000.
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Supplementary Fig. 7

(a) Genome browser screenshot illustrating distribution of chrRNA-seq and bulk RNA-seq reads of
ncRNA transcripts upstream of PWS-C in human fibroblasts derived from PWS and AS patients. The
transcription start site close to the codding exon 1 of SNRPN is defined as a canonical transcription start
site 1(TSS1). ulA (TSS3) and ulB (TSS5) are two oocyte specific transcript start sites previously

reported’'. TSS2 and TSS4 that correspond to CGI-18 and CGI-40 are identified from this study. TSS4 is



preferentially maternal as shown the expression peak in significantly higher in PWS chrRNA than in AS
chrRNA. (b) Native RNA-IP (RIP) with EHMT2 antibody showed the interaction RIP-qPCR with
EHMT?2 antibody after treatment with EHMT2 inhibitor (MS1262) in human fibroblasts. EMHT2 and
maternal ncRNAs of using the primers derived from 286110. Data are presented as mean + SEM (One-
way ANOVA test followed by Dunnett’s multiple comparison test; ‘p < 0.05, *p < 0.01). (c) Allele-
specific ChIP-qPCR with EHMT?2 in genomic loci associated with ncRNA 286110 in human fibroblasts.
(d) RIP-gPCR with EHMT2 antibody after treatment with EHMT2 inhibitor (MS1262) in human
fibroblasts Data are presented as mean + SEM (One-way ANOVA test followed by Dunnett’s multiple

ok

comparison test; p < 0.05, p <0.01, p <0.0001).



Supplementary Table 1. guide RNA sequence

gRNA 5 3 target region
#1 CTAGGTCCTCCAACCTCACA chr15:+24848110
#2 GATGGGGCGAGTCTCAGTGA chr15:-24851872
#4 GCTGATAAGACACTCCCAGC chr15:-24848378
#5 GGATTAGCAACATGTAAGGA chr15:+24851548




Supplementary Table 2. primers for PCR and sanger sequencing to check for CRISPR/Cas9

mediated knockout.

GAGGG

Target 5 3 5 3’

region

chr15:24847 | qPC CCATGCCCACTTTTCC | Sang | ACCCTGAGCGCAATCA | gRNA#

610- R TGTC er TACT 1+

24848947 GAAGCCCCTACAACA | seq gRNA#
CCTCT 4

chr15:24851 | qPC GCATGTTTGGGGCTC | Sang | GTGATTCAAGGACTGT | gRNA#

048- R ATAGG er AACCCA 2+

24852372 ACGCACAAAATAACC | seq gRNA#




Supplementary Table 3. Antibodies used in Western-blotting and IP.

Antigen Manufacturer | Species, type Catalog # Application
Mouse WB (1:1000) /
EHMT?2 Invitrogen 435200
monoclonal IP (2 pg)
Rabbit WB (1:1000) /
EHMT2/G9%a Cell signaling 3306
monoclonal IP (2 pg)
Mouse WB  (1:1000)
H3K9me?2 Abcam ab1220
monoclonal /ChIP (2 pg)
Rabbit
H3K9ac Abcam ab32129 ChIP (2 pg)
monoclonal
Rabbit
Histone H3 Invitrogen PA5-16183 WB (1:2000)
polyclonal
Mouse
SUV39H1 Invitrogen MA1-25505 WB (1:1000)
monoclonal
Mouse
HPla Invitrogen MA1-218 WB (1:1000)
monoclonal
Rabbit
UBE3A Proteintech 10344-1-AP WB (1:1000)
polyclonal
Mouse
DNMT1 Invitrogen MAS-16169 WB (1:1000)
monoclonal
Mouse
B-Actin (HRP) : Cell signaling 12262S WB (1:5000)
monoclonal
Rabbit
GAPDH (HRP) : Cell signaling 8884S WB (1:5000)

monoclonal




Supplementary Table 4. The primers used to amplify cDNAs

Gene 5’ Forward 3’ 5’ Reverse: 3’
Mouse

' Snrpn } TTGGTTCTGAGGAGTGATTTGC ! CCTTGAATTCCACCACCTTG
mRNA EEx3-EGFP i AGGTGGTGGAATTCAGTGGA CGGTGGTGCAGATGAACTTC

! Gapdh GGCAAATTCAACGGCACAGT | GGGTCTCGCTCCTGGAAGAT

:Cdh15 {  ATGCAGTCACTCAGCCCTAG |  AGCAGAGCAGAACCCATTGA

EGalnt6 {  GACCCGTTGCTGCTTACCTA GTTGGGAGCGGAGTCACA

 DIk1 GCTTGGTTCCTGAGACTTGC | CACTCTTTGGCTAGACGGGT
Chip EPWS—ICJ ! ATCTACCCCAGGTGTGCTTG AAACAACCCCCTCCTTCACT

{PWS-IC_2 CAAGCCTGGGCCTCATAATA | TATTCACCAGGGCCTTTCAG

EGapdh { AGAGAGGGAGGAGGGGAAATG |  AACAGGGAGGAGCAGAGAGCAC
Human

o {  GATGGTATCCTGTCCGCTCG TCACCCTGATGTACCCACCT

Eb’ i CAGGGTGATTGCAGTTCCGT CCTACCTCCGCCTAAAATCCC

i {  GITGCGTCACTGCCATTGTG |  GGTACGGCTGAAACTCCGAA
chip chr15:2477 '

: ! AGGAAATGCGCCATTGTTCG |  TCCTAGCAGACGCCATAAGC

£3057-3406 5 :

EGAPDH { GCATCACCCGGAGGAGAAATCGG GTCACGTGTCGCAGAGGAGC
Methyl Specific :SNRPN Exl ! TGCGGTAAATAAGTACGTTTGC ' TACGTCAAACATCTCCGACG

'SNRPN { CCACCAGGCATTAGAGGTCCAC | GCAGAATGAGGGAACAAAAAGCTC

SNORD116 i TGGATCGATGATGAGTCC TGGACCTCAGTTCCGATGAGA
mRNA HIPW CTGTGGTCTCTTGGACACCC i GCGGAAGGAAGACTGTGTCA

B-actin ! AGAGCTACGAGCTGCCTGAC AGCACTGTGTTGGCGTACAG

' ENSG00000280118

» } CTAAGGAATGCATTTGTTGTGC | TTTACCAAGCTGACAACATTTTAAC
RIp/CLIP/CIP o )

tENSG00000280118

i(exl —ex3)

CGCGGAAACTTTAACCTGCGT

GCCCGTACTGGATCTGGAGG




Supplementary Table 5. Hi-C QC data

(%89'L¥ / %8Y'L€) £98'820'L (Ap0Z <) 2buey Buol
(%768 / %EO'L) L2626 @A02-9S
(%168 / %S0'L) €55'€61 @3S-dg00S
(%5601 / %19°8) L1Z'9€Z :d8005 >
(@I >) abuey uoys
(%ES9L / %L1'09) #95'LG9’L :[EWOSOWOIYD-RIU]|
(%85'L / %96'S) SLF'EIL :[EWOSOWOIYD-1au]|
0251 :@2uabiaAuo) Y-O-|-]
%52 - %ST - %ST - %S¢ (4-0-1-1% 2dAL Jied
%05 - %05 (9buey buol) seig g
(%LL¥8 / %EL'99) 6EO'SLE'L S1PRWOD D-IH
(%68'SL / %67CL) LEGTYE :PIOYSAIYL DAVIN MOog
V/N :Speay juswbey-enu|
899'€6€'0L x@1eWs] Auxa|dwod Aesqn
(%056 ‘%8L01) ZE8'092 :s21ed1dng |30
(%29°8L '%2T68) 9/6'L51'2 :@nbun |10l
08'02¢€ ‘9ZIs Jasul mmm;w><
V/N U3sald 41O uonebr
(%2’ LL) ¥2r'80€ :suawubie aiow 4o €
(%05°6Y) 6YL'8S€E'L (2V19728LY ‘G2 1Y) siudwubije g
(%29'8€) 6S0'090'L :(8V) swuawubije z
(%21'88) 808'8L1'2 :siuawubije 2
hnwovw.ov mmmN_. HUmQQmECJ speal yioq 10 auQ
(%¥9°0) €EG'LL :puNO} BISWIYD ON
G9/'v/'2 :Siled peay ﬁwu:ms_umm
puj paiied :2dAy pesy
(0€<DdVIN) 84-SMd

(%6205 / %7S'6€) 982'S80'L (AMl0Z <) 9buey Buol
(%66 / %8E'L) 719202 ‘@H02-94S
(%2v'6 / %L¥'L) LOE'E0T @3S-dd00S
(%LELL / %68'8) 090772 ‘d800S >
0z >) abuey 1oys
(%1708 / %22€9) LZE'SEL'L |ewOSOWOIYD-_1U|
(%858 / %SL'9) ¥6L'G8L :|eWOSOWOIYD-Ia)u]|
0251 :@uabisauod Y-0-I-1
%52 - %ST - %SC - %S¢ (4-0-1-1% odAL Jred
%05 - %05 (39buey buol) seig ¢
(%0068 / %.6'69) L25'026'L 1S122IU0D D-1H
(%00°LL / %59'8) SS+'2ET PIOYSAIYL DAVIN Mo|ag
V/N :speay Wawbely-enu|
899'€6£'01 xe3eWNsT Axa|dwod Aieiqn
(%056 ‘%8L01) 2€8'09C ‘sa1ed11dnQ [e10L
(%29°8L “%ce68) 9L6'L51'Z :anbwun |10
08'0¢¢€ 9zZIs Jasul wmm‘_®><
V/N 3uasaid JlI0N uonebn
(%2’ L L) ¥2'80€ sawubije aiow Jo ¢
(%05'6Y) 6YL'8SE'L (2V1872aLY ‘G2 LY) swudwubije g
(%29'8€) 650090’ *
(%21°88) 808'8L¥'Z Suawu
?&V@g mmmN_‘ ”UwQ&mEEj speal y3oq 10 auQ
(%790) €ES'L :pUNO} BIBWIYD ON
S9/'ir/'e Sied peay _owucw:_uwm
pu3 palied :2dA} peay
(0<DdYI) 84-SMd

(%SE8Y / %S LE) €05'050'L (A0Z<) dbuey Buol
(%188 / %¢8'9) €0¥'L6L @302-9%S
(%816 / %LL'L) S67'66L @35-d900S
(%LLLL / %59'8) €29'27T :d800S >
(@0 >) abuey uoys
(%05'LL / %E009) #20'789'L :[eWOSOWOIYD-.IU]|
(%912 / %S5'S) 255551 “[eWOSOWOIYd-1au|
/81 :92uabidAu0) Y-0-|-]
%52 - %ST - %ST - %SC (4-0O-1-1% 2dAL Jied
%05 - %05 (9buey buol) seig g
(%9978 / %8559) 9L5'6€8'L [S1€WOD D-IH
(%¥ESL / %88'LL) ILE'EEE :PIOYSAIYL DAVIN MOog
V/N :speay swbely-ei)
081'022'6 :xd¥ewns3 Axajdwo) Aleign
(%1801 %LETL) LP0'SOE s21e21|dn@ |e10L
(%9¥'LL '%69'L8) 268'27LL'Z :@nbiun [e1oL
0Z'2EE 9ZIS Jasul mmm\_w\,{
V/N U3sad J1IOW uonebr
(%£L£01) ¥¥1'20€ :s3uswubije a1ow 4o ¢
(%95°LY) ¥SLYEE'L (2v1972aLY ‘GevLY) siuawubie g
(%LL°0%) S8L'EVL'L (g™V) sawubije
(%¥€88) 6€6'LL'T 'siuawublje g
nnwomw.ov N@QmN HUmQQmCL_CJ speal Yy10q 10 auQ
(%680) 290'SZ :pUNO} BISWIYD ON
S1's08'2 :siled peay ﬁwucmj_umm
puj paiied :2dAy pesy
(0E<DdVIN) 84-SY

(%5605 / %LY'6E) #9L'L0L'L (AM0Z <) 9buey Buol
(%926 / %LL'L) ¥91'L0T @3402-925
(%296 / %S L) 066'802 ‘85 -d900S
(%¥S'LL / %¥6'8) ¥99'052 :d800S >
a0z >) abuey 1oys
(%LE'18 / %BEO'EY) TBE'LIL'L :|ELOSOWOIYD-.IU]|
(%01'8 / %82'9) G909/ L :|eWOSOWOIYD-4a)u]|
/81 :2uabidAu0) Y-O-|-1
%52 - %ST - %SC - %S¢ (4-0-1-1% odAL Jred
%05 - %05 (9buey buol) seig ¢
(%1768 / %0E69) Lr0'7r6'L S1283U0D D
(%ES0L / %9L'8) S#8'82T PIOYSAIYL DAVIN MO|ag
V/N :speay Wawbely-enu|
081'022'6 x@1ewiis3 Auxe|dwod Aesqn
(%1801 "%LETL) LF0'SOE ‘so18211dNQ [e10L
(%97 LL "%69'28) 268'2LL'Z :onbun [e10L
02'2€EE 9ZIs Jasul wmm‘_®><
V/N 3uasald JlIoN uonebn
(%L£1°01) ¥¥1'20€ :suawubije ajow 1o ¢
(%95°LY) ¥SLYEE'L (ev1872aLY ‘g2vLY) swudwubije g
(%LL0%) S8L'EPL'L (g™V) swawubije g
(%€88) 6€6'LLY'T swuawublje g
Ao&mwdv Nwo‘mm ”_uwun_mr::: speal yioq 10 auQ
(%680) 290'SZ :PUNO} BIBWIYD ON
S1'S08'C :Ssiled peay UWucw:_uwm
pu3 palied :2dAy peay
(0<bdv)sauI"g4-SY




