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mouse embryonic stem cells (MESCs). H3K4me3 is catalyzed mainly by the mixed lineage leukemia (MLL) methyl-trans-
ferase complex. ASH2L, a core subunit of the MLL complex, participates in regulating the open state of chromatin in
mESCs. There are two isoforms of the ASH2L protein: ASH2L-1 (80 kDa), which only exists in mouse embryonic fibro-
blasts and ASH2L-2 (65 kDa), which is the predominant isoform in mESCs. The roles of Ash2l-1 and Ash2I-2 in mESCs
have not yet been elucidated. In this study, we established Ash2I-17~ and Ash2I-27~ knockout mESCs using CRISPR/Cas9.
Alkaline phosphatase (AP) staining, immunofluorescence staining, and gRT-PCR showed that there were no obvious dif-
ferences on the expression level of AP and pluripotent transcription factors (Nanog, Oct4, sox2 and Klf4) among Ash2l-17-
MESCs, Ash2I-27~ mESCs and wild type (WT) mESCs. However, analysis of embryoid body (EB) differentiation showed

~ EBs was significantly lower

that the expression level of Snai2 (ectoderm gene) and Gata4 (endoderm gene) in Ash2l-1
than that in WT EBs (P<0.01). Western blotting assay revealed that the expression of ASH2L-2 was significantly increased
(P<0.01) in Ash2I-17"~ mESCs and vice versa. However, there were no obvious differences on the genomic H3K4me3 level
among Ash2l-17~ mESCs, Ash2l-2”7~ mESCs and WT mESCs. These results indicate that there exist compensation ef-
fects between Ash2l-1 and Ash2l-2. Bioinformatic analysis predicted that there were three and 16 potential binding sites for
pluripotency transcription factors located in the promoter of Ash2l-1 and Ash2l-2, respectively. Theses transcription factors
may mediate the compensation effect between Ash2l-1 and Ash2l-2. Collectively, these results indicate that the compensa-
tion effects between Ash2l-1 and Ash2l-2 may be involved in the maintenance of mESCs pluripotency and the regulation of

genomic H3K4me3.
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spacer adjacent motif) 5’ gRNA Western blotting H3K4me3
Cas9 DNA 10° 500 pL
DNA 0.5% NP-40 10 min 4 5000 g
DNA (23] 5 min 0.2 mol/L 4
CRISPR/Cas9 4 20000¢ 5 min 1.5 mol/L
[16-18] Tris(pH 8.8)
ASH2L  mESCs 2 20~35 g SDS-PAGE
ASH2L-1  ASH2L-2 ASH2L-2 (5% ASH2L  10% H3K4me3 15%
Ash2l-1  Ash2l-2 ) 80V 30 min 120V
mESCs 1 h 30 min PVDF
CRISPR/Cas9 Ash2l-17~ (15 V45 min) 4
Ash2I-27~ mESCs Ash2l ASH2L (Cell Signaling ) 1
mESCs Ash2I-1 2000 GAPDH ( )
Ash2l-2  mESCs 1 5000 H3K4me3 (Active Motif )
1 1000 H3(Sino biological
1 ) 1 1000 TBST
3 10 min (
1.1 mESCs 5 1 5000) (
1 5000) 1h
3 mESCs T2 TBST 3 10 min ECL
Matthew Lorincz C57BL/6 X Image J 3
CBA) J1( ATCC GAPDH H3
129S4/SvJae)  E14TG2a(
129/0la) mESCs DMEM
(HyClone ) 15% (Gibco ) 100x 13 gRNA/Cas9 FT#EE K g+ 22
GlutaMAX(Gibco ) 100xNEAA(Gibco ) UCSC  (http://genome.ucsc.edu/)  Ash2l-1
100x / (Hyclone ) 1000 U/mL Ash2l-2 Optimized CRISPR Design
LIF(Millipore ) 1000xB-Mercaptoetanol(Gibco (http://crispr.mit.edu) Ash2l-1-CpG
) 37 5% CO; Ash2l-2-RLTR12B  gRNA 1 hPuro2-
0.1% 37 2h 24 h  hU6-gRNA-CBh-hCas9 (Matthew Lorincz
80% 0.25% ) gRNA  Cas9
(WIV) DNA gRNA PCR 96
1.2 Western blotting #i] ASH2L #1 H3K4me3 $min 96 ?0 s 50 30s 72 3min 3
. 72  5min 10°C DNA
HIRIA (TIANGEN ) Sap I (NEB
Western blotting ASH2L ) XbaI(NEB ) gRNA
5~10x10° PBS
2 10° 100 uL  RIPA (TIANGEN
20 min 4 1400¢g 15 min ) Nde I (NEB ) Sapl

BCA ( )
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&1 #E Ash2l-1-CpG B0 Ash2l-2-RLTR12B &) gRNAs K552
Table 1 Sequences of gRNAs targeting Ash2l-1-CpG islands and Ash2I-2-RLTR12B
(53" PAM Tm( ) GC(%)
Ash2l-1-CpG  -5-gRNA-1 ACTTTGAGTCCGCCGCTTTA AGG 58 50
Ash2l-1-CpG  -5-gRNA-2 AAAACGCCTGCTCATAGTCG TGG 57 50
Ash2l-1-CpG  -3'-gRNA-1 TGCACTGGGCTAACGACGGG AGG 63 65
Ash2l-1-CpG  -3'-gRNA-2 GACAAATGTGTTCGCGGCCC AGG 61 60
Ash2l-2-RLTR12B-5'gRNA-1 CTAATTACTGCGACAGTTGC AGG 53 45
Ash2l-2-RLTR12B-5'-gRNA-2 GAGAACCGCGATAGCAGTCC AGG 59 60
Ash2l-2-RLTR12B-3'-gRNA-1 AAATGCGTGTGCGCGCGCTG GGG 67 65
Ash21-2-RLTR12B-3'-gRNA-2 TGCCAGCAAACCCGAGGATC TGG 61 60
N : . 1 2 3
1.4 BYREFASHTHIE
809 bp
TT2 50% gRNA/Cas9 1 2 500 bp
4 ( 2 Lipofect- 509 bp 3
amine 3000(Invitrogen ) TT2 24h
(2 pg/mL) mESCs % 2 gRNA/Cas9 i ikpuss &
48 h MESCs Table 2 Ig;r;s::ctlon combinations of gRNA/Cas9
80% gRNA/Cas9
DNA PCR DNA Ash2l-1-CpG 1 5gRNA-1/Casd  3'-gRNA-1/Caso
PCR ( 3) 2 5-gRNA-1/Cas9  3'-gRNA-2/Cas9
PCR 3 5-gRNA-2/Cas9 3-gRNA-1/Cas9
Ash2I-2-RLTR12B PCR 4 5-gRNA-2/Cas9  3'-gRNA-2/Cas9
2.2 C 1 2 3 Ash2l-2-RLTR12B 1 5-gRNA-1/Cas9  3'-gRNA-1/Cas9
1F+1R 2F+2R 1F+2R 2 5-gRNA-1/Cas9  3'-gRNA-2/Cas9
1 2 3 3 5-gRNA-2/Cas9  3'-gRNA-1/Cas9
500 bp 509 bp 2120 bp 4 5-gRNA-2/Cas9  3'-gRNA-2/Cas9
&3 PCREZEIMFIER
Table 3 Primer sequences for PCR validation
(5—3") ™m( ) GC(%)
Ash2l-1-CpG -1 F: AGTGTCTCCGGTACCTTCCT 58 55
R: GTGTGAGCCAAGAGCGTTTC 58 55
Ash2l-1-CpG -2 F: CCTTACCCACTTTCGGCCTC 59 60
R: TGCTCCGCACAGTGTAAAGG 59 55
Ash2l-1-CpG -3 F: CCCACACTGCAACTCCACTTCTCCCAACTGCCGCCCAT 75 61
R: CCACCCACAACTACCTCGGGCTCTCTGGAATCAGACCT 72 58
Ash2l-2-RLTR12B-1 F: GTCCCCCACTGACATGGTTT 58 55
R: TCAAGGGCTGCGAATTGTCT 58 50
Ash2l-2-RLTR12B-2 F: CCTTAGACCTTGCTTGGTGACA 58 50
R: AGCAAGAATGGCTCATGGTAGA 57 45
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2120bp 809 bp
Ash2l-1-CpG PCR
2.2 E 1 2
1F+1R  2F+2R CpG GC
3 1F+2R
1F 2R
3F 3R 3
2.2 E 1 2 3
500 bp 538 bp 1505 bp
1 2
3 701 bp
1 2
500bp 538 bp 3
1505 bp 701 bp
15 BRERRSERBETE
gRNA/Cas9
96
80% 24
96
DNA DNA PCR
PCR pGEM-T Easy (Promega

)
1.6  FIEHEEAES (alkaline phosphatase, AP)3 &

mMESCs Ash2l-17~  Ash2l-27~ mESCs
PBS 2 4%
20 min PBS 3 AP
AP 5 mg
TR(Sigma ) 2mg o- (Sigma
) 5mL 0.1 mol/L Tris-HCI(pH9.0)
10~20 min PBS

Fast Red

17 ERAFZERNSEMAEERETF
HIRIE

mESCs Ash2l-17"~
PBS 2 4%
20 min PBS 3 0.25% Triton-X
30 min PBS 3 1% BSA

Ash2l-27~ mESCs

1h 4 (Oct4 1:200 Santa Cruz
Sox2 1:200 Santa Cruz Nanog 1:200
Abcam ) PBS 3 (Alexa Fluor

488 donkey anti-mouse IgG(H+L) 1:500 Life Tec-
hnologies Alexa Fluor 596 donkey anti-rabbit
IgG(H+L) 1:500 Life Technologies )
1 h PBS 2 DAPI(1:1000 Roche
) 2 min PBS 2

1.8  #LBE{& (embryoid body, EB)HYJ1Z 55 0

gRT-PCR
MESCs Ash2l-17~  Ash2l-27"mESCs
80% 0.25%(W/V)
140 g 5 min
LIF mESCs
(2x10° /mL) 8d
EB 0.1%
8d PBS 1 Rz
RNA(TIANGEN )
(TransGen ) RNA cDNA
gRT-PCR
PCR 2ul cDNA 12.5uL  Trans-
Start Tip Green gPCR SuperMix(TransGen )
0.3 umol/L 25 pL
Gapdh 27t
3 +

One-Way ANOVA
1.9 BIFREREFESASHTN

JASPAR
Ash2l-1-CpG

(http://jaspar.genereg.net/)
Ash2]-2-RLTR12B

DAVID (https://

david.ncifcrf.gov/) KEGG(Kyoto Encyclopedia

of Genes and Genomes)

2.1 mESCs # ASH2L-1 1 ASH2L-2 fy3Rix

Western blotting 3 mESCs(TT2 J1
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80— E— - - : w | ASH2L-1 g
65| — — H ASH2L-2 § ]
= )
gL« BB __JCNENIs] Hel Bl Nl
TT2 J1 El4 MEF
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Q91X20 ASH2L-1 | IPHD I WH I SPRY I I
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Fig. 1 Expression of ASH2L-1 and ASH2L -2
A, B Western blotting ASH2L-1  ASH2L-2 C ASH2L-1 ASH2L-2
E14) (mouse embryonic fibro- 2-RLTR12B PCR 2C
blast MEF) ASH2L Western blotting 2D mESCs 12
ASH2L MESCs 2 3 500 bp 509 bp
ASH2L-1(80 kDa) ASH2L-2(65 kDa) 2120 bp
ASH2L-2 MEF ASH2L-1 A B A 1 2
( 1 A B) ASH2L mESCs 3
ASH2L-1 ASH2L-2 809 bp B 1 2
ASH2L-2 NCBI 500 bp 509 bp 3
ASH2L-1 623 ASH2L-2 2120 bp 809 bp
534 ASH2L-1 N Ash2l-1-CpG 4
ASH2L-2 89 ASH2L-2 gRNA/Cas9 Ash2I-1-
PHD WH  SPRY ( 1C) CpG  PCR 2E
22 gRNA/Cas9 $THBE (AR R T Kt F mEses . 4 2 3
Py, 500 bp 538 bp 1505 bp
UCSC ASH2L-1  CpG C D C 1 2
ASH2L-2 3 701 bp
RLTR12B D 1 2
gRNA 500bp 538 bp 3
( 2 A B hPuro2-hU6-gRNA-CBh- 1505 bp 701 bp
hCas9 gRNA/Cas9
Ash2l-2-RLTR12B Ash2l-1-CpG 48
3 gRNA/Cas9 Ash2l- 26
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A Chr.8:26959009 26958990 26958308 26958289 26958272 26957870 26957697 26957678 26957578 26957559
SRNA- TR12B(403 bp - - oRNA-
66 CCGCG ATAB 61 T TTACTGCGACAGTTE TGLCOGTGTOCHCEGCHCTE TEOCAGEC CCCBABBATO

100 110 100 110 100 110 100 110

B Chr.8:26951518 26951499 26951371 26951352 26951293 26950797 26950746 26950727 26950714 26950695
SRNA- CpG 4 (497 bp) —ZRNA- %
C6CCTOCTCATAGTCE ACTTTEAGTCCOCCOCTTT TGCACTG GG CTAACOACEGE 6 ACAAATGTGTTCHCGGCCC

S NTI TR Y .nll'l “ .|_J’|." D
AAAAARA s AR AaMAAAAN ﬁtwﬁ- Ty

90 100 90 100 90 00 110 100 110
C gRNA gRNA E IF—s gRNA gRNA
lF—’l 2F— | ]F—vl 2F— |
T T B B E
«—IR «— 2R «IR 2R
«—3R
TT2 HEA B TT2 FREC FEMED
D (3742 (Ash2l-27") (Ash21-2'") F (CEr A 1Y) (Ash2l-17") (Ash2I-1'")
b IF 2F 1IF IF 2F 1F 1F 2F 1IF bp b M2 1IF 2F 3F 1F 2F 3F 1F 2F 3F b
P Ml |{R 2R 2R IR 2R 2R IR 2R 2R p ! IR 2R 3R IR 2R 3R IR 2R 3R ©OP
2000~ =2120 2000-
o
1000-
750~ 809 e
=701
500— 500—
B2 gRNAMFMPRELTE
Fig. 2 Sanger sequencing of gRNAs and colonies identification
A B Ash2l-1-CpG Ash2I-2-RLTR12B gRNA C Ash2l-2 PCR
D Ash2l-2 M1  AL10000 Plus DNA Marker 1 (LF+1R)( ) 500 bp 2
(2F+2R)( ) 509 bp 3 (1F+2R)( ) 2120 bp 3 (1F+2R)(
) 809 bp E Ash2l-1 PCR F Ash2l-1 M2  Trans2K plus2 DNA marker
1 (1IF+1R)( ) 500 bp 2 (2F+2R)( ) 538 bp 3
(3F+3R)( ) 1505 bp 3 (3F+3R)( ) 701 bp
14 29.2%
2.3 Ash2l-177#1 Ash2l-27"mESCs B 4 &
8 16.7%
Ash2l-2-RLTR12B 32 Ash2l-17=  Ash2l-27-mESCs PCR
22
7 21.9% Ash2I-2-RLTR12B PCR
3 9.4% 2C 3A

4 MESCs 1 2 3



244

2 i Hereditas (Beijing) 2018 40

3= 4 CRISPR/Cas9 tH& 3 f¢A& 4 HIRKRBR M ZE

Table 4 Knockout efficiency of CRISPR/Cas9 combination 3 and 4

(+1+) (+1-) )
Ash2l-1-CpG 48 26(54.1%) 14(29.2%) 8(16.7%)
Ash21-2-RLTR12B 32 22(68.7%) 7(21.9%) 3 (9.4%)
A TT2 TaRET TLEE19 TT2 TLkE4 FEIE20
(BPHERY) (Ash21-277)  (Ash21-27) (EPHERY) (Ash2l-177)  (Ash2l-17)
bo M2 IF 2F 1F 1F 2F 1F 1F 2F 1F M2 1F 2F 3F 1F 2F 3F 1F 2F 3F
P IR 2R 2R IR 2R 2R IR 2R 2R bp IR 2R 3R IR 2R 3R IR 2R 3R bp

-2120

~1505
809 ~701
C v D[AM aM
TT2(HF A1) 5'.NN..AAATGCGTGTGCGCGCGCTGGGG..NN..NN..GAGAACCGCGATAGCAGTCCAGG...NN.....3'
SERET(Ash21-27) 5'.NN..AAATGCGTGTGCGCGCG.....coorrrmrrrrrersarsons FEBR(1312 BP).ceerrcevecerneecninenes TCCAGG..NN....3’
VERE19(Ash21-27) 5'..NN...AAATGCGTGTGCGCGCG...vvvvvvererreeeeeeeeeesenes BHBR(1312 5D TCCAGG...NN....3'
y PAM PAM
D TT2(#F4:5Y) 5"..NN...GACAAATGTGTTCGCGGCCCAGG..NN...NN..AAAACGCCTGCTCATAGTCGTGG...NN......3'
VElEA(Ash2I-17) 5'.NN...GACAAATGTGTTCGCGG....oveoeerererrrersererend T R(B04 BP).cvvenreverrerenerenns AGTCGTGG...NN.....3'
TERE20(Ash21-17) 5'.NN..GACAAATGTGTTCGCGG.....ccooeeereeerrerreree BEPR(804 BP).ccreeree e . AGTCGTGG...NN...... 3
3 Ash2l-17°F0 Ash2l-2"" mESCs K% &
Fig. 3 Identification of Ash2l-17" and Ash2I-2""mESCs
A 7 19  Ash2l-2 1 (LF+1R)( ) 500bp 2 (2F+2R)(
) 509 bp 3 (LF+2R)( ) 2120 bp 3 (1F+2R)( )
809bp B 4 20 Ash2l-1 1 (IF+1R)( ) 500 bp 2 (2F+2R)(
) 538bp 3 (3F+3R)( ) 1505bp 3 (3F+3R)( )
701bp C,D 719 4 20
500 bp 509 bp 2120 bp CpG ( 3D) CRISPR/
7 19 12 Cas9 Ash2l-17~  Ash2l-27~mESCs
: 809bp 2.4 Ash2l-17%0 Ash2I-2" mESCs a4 E
Ash2]-1-CpG PCR mMESCs  Ash2l-17~ mESCs( 4
2E 3B 20)  Ash2l-27-mESCs( 7 19)
mESCs 1 2 3
500 bp 538 bp 1505 bp ( 4A) gRT-PCR
4 20 12 5 Oct4 Sox2 Nanog
3 701 bp ( 4 BC)EB
EB Ash2l-17" EB Snai2(
7 19 ) Gata4( )
4 20 Ash2l|-2-RLTR12B  Ash2l-1-CpG (P<0.01) MixI1( )
Ash2l-27~ EB Snai2 Mixll  Gatad
PAM 3~5 7 ( 4D)
19 1312 bp Ash2]-2-RLTR12B( Ash2l-17~ mESCs
3C) 4 20 804 bp  Ash2l-1-
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A TT2 TIRET TIREL9 TiRE4 TIRE20
(BFAERY) (Ash21-27) (Ash2l-277) (Ash21-17) (Ash2i-17°)
| Y g RN
~§“. B .,‘ | B " | FRRREROT L &
' > 100pm o 4 100 o B 1%:11
B a7 JLRELD TifE4d 20
(Ash21-27) _ (4sh21-27) (Ash21-17") (Ash2i-177)

¥

Oct4

Sﬂx2_g

DAPI

Nanog

DAPI

50 pum

2.5+ m BFAETUTT2
c ST
m— 19
2.0 TElE4
* — i i 20 .

ik it
XS Fas
> &

0.5 - L -

Oct4 Sox2 Nanog Ki4 Snai2 Mixli Gatad

4 Ash2l-17°F0 Ash2l-2"mESCs %R L E LR

Fig. 4 Pluripotency characterization of Ash2l-17~and Ash2l-2”~mESCs

A TT2 7 19 4 20 AP ( 100 pm) B Oct4 Sox2 Nanog ( 50 um DAPI
) C gRT-PCR Oct4 Sox2 Nanog KIf4 D gRT-PCR Snai2 Mixll  Gatad wx P<0.01
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2.5 Ash2l-1F1 Ash21-2 2 [ %Mk iz Ash2l-17" mESCs  ASH2L-1 ASH2L-2
(P<0.01)( 5 B C) Ash2l-17-
qRT/'PCR MESCs Ash2l-27"mESCs ~ H3K4me3
Ash2l-27" mESCs  Ash2l-2  mRNA ( 5 D E) Ash2l-1  Ash2l-2
Ash2l-1 (P<0.01) Ash2l-17""mESCs
Ash2l-1 mMRNA Ash2l-2 JASPAR 826
(P<0.05)( 5A) Western blotting 1008 Ash2l-1-CpG Ash2l-2-
mESCs Ash2l-2"mESCs  ASH2L-2 RLTR12B KEGG Ash2l-1-
ASH2L-1 (P<0.01) CpG 3 (HAND1 SMAD2
A " B
6 - —_l_ mm Ash2l-1 TT2 T WRE19 g4 FifE20
x O Ash2l-2 Dy (YR (Ash21-27") (Ash21-27)(Ash2l-17") (Ash2l-17") MEF
A 80— —  — s | ASH2L-1
ore
E 65— | —— . e— ASH2L-2
‘.i—'
24
ﬂ ﬂ - GD S GNP G s (GAPDH
0_A.I’—| T T T T
TT2 JefE7 BERE19 JEfE4 TERE20
¢ - m— ASH2L-1 T2 T FERE1S  GEfE4  SEE20
I = ASH2L-2 kDa (BFHRY) (Ash2l-27) (Ash2l-27)  (Ash2l-17) (Ash2l-17)
— ¥
17- me3
25 — _
=201 - ;
®o3 - . A
=
. I I
1 F AT A2 R (5 S
o_J,H , , . ﬂ (_ipGE‘:;EﬁJHz‘slﬁﬁ [ HANDI, SMAD2, SMAD3
e A (Chr.8:26950797-26951293)
ASH2L-1 — ’
E 134 - H3K4me3 ~
G P T AR Z Re AR Sl i
=0 HANDI, SMAD2, SMAD3,
P SMAD4, MEIS1, POU5F1, SOX2,
ﬁ RLTRI12BHIJF B F KLF4, HESX1, ESX1, STAT3, ID2,
Eos5 (Chr.8:26957870-26958272) ID4, OTX1, TCF3, NEUROG
m ASH2L-2 —
0

TT2 JERE7 JEREI9 FiRE4 FiRE20

5 Ash2l-1 F1 Ash2I-2 z 8] B &M= 3 R

Fig. 5 The compensation effect between Ash2l-1 and Ash2l-2

A gRT-PCR Ash2l-1  Ash2l-2  mRNA

D,E Western blotting
Ash2l-2-RLTR12B

Ash2]-1-CpG

*

P<0.05 **
H3K4me3

P<0.01 B, C Western blotting

ASH2L-1
F.G

ASH2L-2
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SMAD?3) (  5F) (Oct4 Nanog Sox2  KIf4)
Ash2I-2-RLTR12B 16 Ash2l-1 Ash2]-2
(HAND1 SMAD2 SMAD3 SMAD4 MEIS1 H3K4me3 wan [ RNAI
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