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MR S 00 = Z A MR vk ), RIFTEL X
1M (http: //crispr.mit.edu/) % 11HE W] Ash21-1
B — A AN B TR F TR 67 bp B
sgRNA, F: 5-TAGGCTCTCGGTCCTCCGCCGT-
TG-3', R: 5-AAACCAACGGCGGAGGACCGA-
GAG-3". ¥4 gRNA 5L 2| pUCST #hMk I, Zad ik
RS ARANE DL pX330 MM, K TT R TIR
JNE Cas9 gty X, ¥ 34 5 450 5% K 100 mg/L
Cas9 mRNA . 50 mg/L sgRNA IR& 52/ M &
TApr, FoAE BB 2 HE AR IR A D . AR TS gRNA
A SIS E S Y, F: 5-CCCACTTTAA-
GAGCGCCGT-3", R: 5'- TTGCAAGAGGGATC-
AGCGAG-3". A S5 (i T4 /s BRUAT 7 b B2 B
SIS T TR i AR O R 55 45 T ) 5
1.2 mMaAZERER

Heht . AREBCTH A% (Sigma, D9143-5G) %
F70% LFE, W N2 o/L. TAERSST N : 2 ml
WeABW, 500 pl pH 4.5 19 0.1 mol/L BERREN, 2 ml 2
BTk, LI 100 ul 30% i EA LA, AT, PRRCEL
FH B SRAET J €8 15~30 min.

1.3 HE#f&

WAL A 4L UTE 4% PFA W 4C R 2 b e, &0
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HETIE, SR, RO IRAKS R 21 4L 40 A%
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R 41 20 B A 25 s 2R R/, A =
RIPA & W AN EE B 570 78 70 24, RIPA 246
W A8 . 50 mmol/L Tris-HCL, 1% i & IH B2 44 ,
1% Triton X-100, 0.1% SDS, 5 mmol/L EDTA,
1 mmol/L Na,VO,, 5~10 mmol/L NaF. #|H BCA %
F BT B AR & (B sk, P0012S) U 2K
FUBTARE , FRRAE SR 38 2 Rl R v B . ik B ok
10%. JEBE 1.5 mm () SDS-PAGE it H . #H [FAFH
SRR, 120 VHLYK 1.5~2 h, 200 mA %% PVDF Ji
2h, 5%MiREA- 1= RE 1 h, In—Pr4CiEE L
W, PBSTYE3 ), Ml Pia i d 2 h. PBST Uk
35, I 5 W Pierce ECL substrate (Thermo
Fisher Scientific, #34080) , 7F Quantity One
software (Bio-Rad Laboratories) ¥ #% [ W 5 Jf
g,
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(Gibco, 10828-028) . 1xGlutaMAX (Gibco,
35050061) . 1xNEAA (Gibco, 11140050) . 1x
Penicillin-Streptomycin  (Gibco, 15140122) . 1x
beta 2- #i i £ B¥ (Invitrogen, 21985-023) .
CHIR99021 (LC Laboratories, C-6556) . LIF
(Millipore,  ESG1107) PD0325901  (LC
Laboratories, P-9688) . 537 1 A5, J W&k
Wik, HREEERY (Gibeo, 12605-010) jifk
B S, R TE TR R L,
QLR SRR IR A K E 3~4 d i, J10.25% JEE il
(Gibco, 25200072) JHALMEAAIMISIEAR, 25
B 2~3 dfE1%.
1.6 WREFS

S Z TSR ik 2, NG T 40
(mESCs) selEiH AL R gn LS5, 4% 8 5 000 4~/ml
F14) 535 38 2 ol 6 200 B B0 119 10 om 355 3% NI v B 07 455
F5, BEFREEK 5% KSR/N2B27, 4rM: 5% KSR,
DMEM/F12 (Gibco, 11330032) .
Medium (Gibco, 21103049) . 1xGlutaMAX, 1x
NEAA . 1xPenicillin-Streptomycin, 0.1 mmol/L 8-
i HE 2l . B27 supplement (Gibco, 17504044) |
N2 (Gibco, 17502048) . By7H:7% S d I AU IA
BRIy, A E Ui gR, 5 15% FBS

Neurobasal
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(Millipore, ES-009-B) ) DMEM basic Jlfj B 1% 5%
48 hi, PRI ERE ks .
1.7 HSBR¥ESLIE

/N BRI 1 20 PR AL B SR 4B L fS . DMEM
basic 55 35 5 FEZE 10915/200 pl. 23 FI7E 6 I #4  Hfie
PERR SRAC A W6 VA (57 5 G %o B RN S 4H IR i T
i, 485, HBEEAATE/NRIFEL .
1.8 ELHEHEEEPCR

R 43X 00 & HE T O s, JH RNAzol 2 i i
(MRC, RN190-200) %4 i 40 i 5% 20 21 J5 £ HL

mRNA, £ NanoDrop (malcom) MEHE LI,
% JH PrimeScript RT Reagent Kit &7 & (TaKaRa,
RRO37A) MIERVELPR, LIKZY 500 ng mRNA Fyf
M S S i cDNA, RO sk 58 e, B 10 4%
PCR 1A % Jy: 2 ul ¢cDNA ££ 5y . 5 ul 2x gPCR
MasterMix (abm, MasterMix-S) . 0.4 pl 5| ¥ .

2.6 ul % & 1 7K . 7E Light Cycler 480 instrument
(Roche) g Bl & AFEG I CH{EZ G, AR
2R BRI AR R GA . SIS LR 1.

Table 1 Primers for real-time quantitative PCR

Genes Primer sequences (5'— 3")

Ash2l-1 F: GAGGACCGAGAGACAGAGCC; R: AGTTTGCATCCCCACTTTCG
Ash2l-2 F: ATGAAGGAGGAGGCCAGGAC; R: CCGCCTGGGTATCCATCAC

Hbb-y F: CAATGTTGAAGAGGTTGGTGGTG; R: GGACAAGTTCCCAAAGCTGTCA
Hbb-bhl1 F: ATGGACAACCTCAAGGAGACCT; R: TGGCAAAATGAGTAGAAAGGACA
Hbb-b1 F: ACATAGTTGTGTTGACTCACAACCC; R: AACTTCATCGGAGTTCACCTTTC
Hbb-b2 F: AGTCTGTTGTGTTGACTTGCAACTT; R: TTCATCGGGGTTCACCTTTG
Colla2 F: GTAACTTCGTGCCTAGCAACA; R: CCTTTGTCAGAATACTGAGCAGC
Sox18 F: CGTTTCCCAATCCTCTGTC; R: CCAAAGGTCGGCGGTAG

Pdgfrb F: CACCAGCGAGGTTTCAC; R: GTCCACTTCCCTGTCCC

Gja4 F: ATCTCCCTGGTGCTCAAC; R: GTCCCTTCGTGCCTTTA

KIfl F: CAAGTGGTGGCGGTCTG: R: GGGTCCTCCGATTTCAG

Tall F: GCAGCAGAATGTGAATGGG:; R: ATGGCAAGGCGGAGGA

Plxndl F: CGGCTCAGTGATGTGG; R: CTCCTCTGAAACGGTGTAT

Eng F: ACACTGACGACCATCTTG: R: AGCCTGACGGGAAACT

Ramp?2 F: TTTGATTAGCAGGCATTAC; R: AAGGGATTTGGGAAGC

Angptl6 F: CTGGGCCGTCGTGTAGTAG:; R: CAGTCCTCTAGGAGTATCAGCAG
Rhag F: AGCCTGGAAGTTGCTATGATTG; R: ACTTGAGGTGTTACCCTGCTG
Ankl F: ACTGGACTGGGATAAACA; R: CGTGACCTCCTCTTGC

Dmtn F: TGTTGGGCTACAAGGAT; R: GGAGGGAATAGGTAAAGTG

Collal F: GCTCCTCTTAGGGGCCACT; R: CCACGTCTCACCATTGGGG

1.9 HREWRE

WS, FH PBS PE—UK S A 4% PFA, 1k
% A5 FE E 15 min, FH 0.5% Triton-X100 $7 fL
30 min, 1% BSA 7EZ I A<AFE M 1 h, IIA—4T
FEACKMFIFE . 5 = R PBSYE3 i, A
P PR FAT THEF 2 h, TEVOCRMET
pUEZS S ELTE

S bl R — B M 7 S . ASH2L HiU iR
(Cell signaling technology, #5019). H3K4m3 $iiAk
(Millipore, #04-745) . SOX2 Jif& (Cell signaling
technology, #4900) . NANOG ¥t /& (Abcam,
ab80892) . OCT4 #it & (Santa, sc8628). P-actin

Pifk (Sigma -Aldrich, A2228) .
110 CUT&RUN

23 Z iSOk 2, ES.5 1% B B T 1k A
PANA S, B 10 000 440 i FH PBS Pk —ii 5, il
A 60 ul 75 P 2% v (20 mmol/L HEPES-KOH,
pH 7.5; 150 mmol/L NaCl; 0.5 mmol/L
Spermidine) A1 10~20 pl 454 2% Wik (20 mmol/L
HEPES-KOH, pH 7.9; 10 mmol/L KCl; 1 mmol/L
CaCl,; 1 mmol/L MnCl,) &R J] T FE ALK,
FEIRIEE 10 min. A 50 pl FiiAZE ik (H3K4me
3, 1:100) (H3K4me3 HiiA H i Ao K2 5 % i
) HE, 4ACHREE . TR EHE RS o
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WG VEMIE , fINA 50 ul %44 pA-MNase [ £ 22 v
WH R, 4°CHFE 3 h P83 M5 7KE 2 min, fiA
2 pl 100 mmol/L CaCl,, K "% & 20 min. fil A
100 pl 2% 1E 22 v (340 mmol/L NaCl; 20 mmol/L
EDTA, pH 8.0; 4 mmol/L EGTA, pH 8.0;
50 mg/L RNase A; 100 mg/L i ## 5 (glycogen) ;
0.005% EHi 1 (digitonin) )2 kI . 37°CIEE
20 min, PARERCH Bt . AEAE S OITACT ul 20% 1Y
SDS. 2 pl & 11 K 1 10 ng % /& RNA (Qiagen,
1068337) 1k, 56°CIZIV 45 min. FHZE M-S -5
CmE (25: 24 1) FIZ 4l fk DNA. 4ifb J5 19
DNA ] KAPA Hyper Prep Kit (KAPA biosystems,
KK8502) # Tru-seq /% .

CUT&RUN 3CJER IR 7 3545 554k, )
BHE X 2 mmo 2 % LR 4 .l i 43 100 bp
HIHE ) rpkm (B0 B0 647 AT ARLAL . 7245 spike-in BR
HEAL ST, kG pig o A 2R B2 2 ng/L 1Y
P £ DNA {E by spike-in. 45 21 (1430 77 B4k [ B EE X
S /N BRI BE L P2 . AN [ i 22 ) ) P B X 81
B} R 2111 reads ZUORIRE & 20 K06 1T B8 th 007
TR B A0 LS BSOS [ 3 i 15 5 25 S A T im o Ak
30T
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7% 5 F 1 UiF 67 bp £ B Y gRNA (& 1a) . ¥
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FI/NEERORAE Y, DUPEE S R 7 A — SR A N R
R 4T AR 2 A R AR, BT S
Y1, FPCRY ¥4t 2 K EEAR R 0 2ty , Hip—
%526 bp (BfARY), 5—2%479 bp (ABR7) ([
1b) . ME R Iz G bR/ NPT LUER B HATH,
HRZE B2 SRS A B A A bR a1, 2
BEAS TR RS0 IV i 32k DR R B0 Ash21-1 45 R 53 1)
/NERFEE9.5~E10.5 B &A= T35, E9.5 4l MRk
JR /N T EPAERURRG, O ERATY & F 5w 2
I FH S5 5 5 H: PCR A8 B B AR X HE P A
RIS Ash21-1 5 B E9.S IR Ash2l-1 33k, 45
WEBIFE 4l A SR R IG H Ash21-1 RES Bl A R Rl
br (Bl lc, d) . B, 25888 Ash2l-2 ") mRNA
IKVAE Ash21-1 265 0 R IE h 81— e #R 2 E
P (Kl le) . XEELE TR Ash2l-1 555 w5 /N B
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Fig. 1 Generation of Ash2l-1 gene knockout mice

(a) Schematic representation of the knockout targeting strategy, the targeting region located in exon 1. (b) Genomic PCR analysis of wild-type (WT)

and heterozygosis (HE). (c) RT-qPCR analysis of Ash2/-1 expression in wild-type and knockout (KO) E9.5 embryos. (d) Knockout efficiency was
detected by Western blot (ASH2L-1:80 ku; ASH2L-2:65 ku) in E9.5 embryos. (¢) RT-qPCR analysis of A4sh2[-2 expression in WT and KO E9.5

embryos.
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22 Ash2I-IEAEPERENNDERKRSBHHIEN
BT HINERIIGEGE R, 43 SO [ s
RN A TIREE , AR Ash21-1 Bk 2R B I
S T RSN SR I A RS S s i kA
TEIEH /NEE9.5 IRJIG (1 5P 2 4 - w] DL 21 ]
IR HAE B AN, HTE Ash21-1 FL5R 1) 51 B
B LM ME (K 2a) . AR E A
(o-dianisidine) A7 ML H&E ALK, 458 %

(2)

KO

(©) PECAM-1 Hoechest

B, TE Ash2i-1 8 B 5P B R - KA 21 4 M i) A7
T, HRLT M S cE I B> (El2b) . hit—2
W In B L F, FRATHUES.S /Y Ul # 217 V) A
FEYe . HE Ye (o 45 5 R Ash21-1 vl i o 84 1
AN HESEGEL (F2b), P2 hRiC s F PECAM-
SRAARL @%%MW”%%%ﬁWﬁ%Lm
MELEAEWRE SR (K2c) . XUess T A Ash2l-1

255 G0 BB Y I AT R I I

Merge

Fig. 2 Vascular and hematopoiesis defects in Ash2l-17" E9.5 yolk sacs

(a) Morphology of wild-type(WT) and knockout (KO) yolk sac at E9.5. (b) O-dianisidine staining of hemoglobin in erythrocytes and HE staining of

E9.5 yolk sacs. (¢) Immunostaining with endothelial specific marker PECAM-1.

23 Asm2l-1AEmMEMREN X EHAXEE
RiX

T IR ARG R B I R s R, R AR
I S2: T A 3 I & AR B ET R 27 AR RIS X T R
FRE/N R O B AT I )T, DASRT Ash21-1 P84
10178 5 38 LAY 23 F-BILAR] . SRy 1 0 R DR B = A 1)
WHsg, BEEEIEZS B A WIS 22 53 19 E8.5 U

W, QG REMIEE LR, TR SR AL T 4y
Br. EX IR L, mmu&ﬁ%%ﬁ ARMLNE-E
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e ([&3a) .1 RN 22 508 L E LA
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Pdgfib. Epha2. Gja4) , 12 4~ I & 4 B % A
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Ramp2. Eng. Mmpl4. Angptlo. Tall. SoxI8§.
Epha2) , 4 > 21 4 B B 24 56 I (Kifl. Tall .
Epb42. Hba-x), 744k F 3N (Hba-al

Hba-a2, Dmtn, Ankl. Bpgm. Klfl . Rhag), 51
M 21 % (3 N (Hba-x. Hba-al. Hba-a2. Hbb-
bhl. Hbb-y) (K 3b, c) . 3LH5¢GE it PCR i —
ABGIE T ) REE R AR IE 8 SR e B e v i 3
ik (1®3d) . Hbb-bh1 Fl Hbb-y 32 IR 4R £1 40 i 55 5+
PERIBMFE, X AR T IR VAR /N BRI i
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Fig. 3 RNA-seq analysis of E8.5 Ash2l-1"" yolk sac
(a) Gene ontology analysis of top Ash2[-1 null up-regulated genes (~log,,(P-value)=1). (b) Gene ontology analysis of top Asi2/-1 null down-regulated

genes. (c¢) Differential expression of select top downregulated genes from different functional categories. (d) RT-qPCR analysis of some down-

regulated genes expression.

2.4 Ash2l-1""/NERRERR T4AREHY I 5T

/NERIRIGE T4 (mouse embryonic stem cells,
mESCs) HA AIEH . Zmsrib Ll & TeRIE R
FRIE, DGR ARSI R IIG % & Ao ARG 1)

A PSS G B Y B35 BRI, A 7 X IR
(WT) FIsZ84H (1#-KO f12#-KO) mESCs. #&7}
MRICHHEOKR, HA3.5 cm BEFE LA 80
R0, XA A RE ) 4B A T8, 5%
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REAHAH L, Ash2l-17109 mESCs A= 5 B Vs A7 B i AR 2 (E4b, ¢) . Ash2l-1" mESCs BB PERERA B 1

b (El4a) . SERFDOEE 7 PCR 5 R o G 4%
Y 7R Ash2l-1" mESCs K Oct4. Nanog F1 Sox2 HY)
mRNA FIE [ 57 238 -5 15 X R AH oA I i 22

@ 00}

N =N )
=) S S
T T
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[\o}
(=}

(==}
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00 um °
@00 .
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R AT REXT mESCs f9/E K o AN 22 HEPEBCA 2
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Fig. 4 Pluripotency characterization of Ash2l-1 '~ mESCs
(a) Growth rates of mESCs from day 0 to day 4. (b) RT-qPCR of Oc#4, Sox2 and Nanog in mESCs. (¢) Immunostaining with Hoechest, OCT4, SOX2

and NANOG in mESCs. (d) Alkaline phosphatase assay of mESCs.

2.5 Ash2l-17"/NREERR TR 2L

R ANFE SRR (embryoid bodys, EBs) HJ
DIMSHURIG &2 7, A4S IR 01 0 L 2T 40 A i)
TR 2200 R T i — B WFGE Ash21-1 76 145 FN 1 i,
RESBPEZNER], 55K B AR 2 1)
mESCs [ EBs 70k . B VR 3: 5 A, 5%) 2 AR
o, Ash2l-17EBsERIE R/, FF HIH EBs K/h2=
BIEOMEE (K Sa) . AENGEERE S48 h)5, EBs i
Gt B0 LA R Bk 3l b B A R L 2
98%, i Ash2l-1" ksl EL i BA kb (56%) (]
5b) . FHSEET 9% 2 B PCR B A 43 5146 0 i 21 4%

F . 240 B LA & A dHOCSE R ik, 45
RN, T Ash2l-1 §L % ¥ EBs sofEr, X SE LA
FIZER B B T I B TR (- Se) .

) FH S B 988 S22 Ash21-1 B R 5% %) mESCs
S, SRR T Ash2l-1 Bk, S
WML S MEEHBZ /N (E5, e .
Ash2I-I" WG G U1 HE Qe 25 0 v, AR B
SMRZE . HIRZE . NIRZRIEH ST, (HEH R
KRB ZL AN M B AR D (& 5) .

DA b 25 B — YR HH Ash2i-1 (1) B2k 7T BE 521
TS LT ARG KA
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Fig. 5 Vascular and hematopoietic defects in Ash2/-17- EBs and teratoma
(a) EBs ball morphology observation on day 5. (b) The number of beating clones per 50 EBs on day 7. (¢) RT-qPCR of beating EBs. (d) Wild-type

versus Ash2l-17" teratomas in nude mice after 4 weeks. (¢) Weight of teratomas. (f) HE staining of paraffin sections of teratomas.
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Fig. 6 The effect of Ash2I-1 knockout on ES8.5 yolk sac H3K4me3
(a) Western blot of H3K4me3 in E8.5 yolk sac(YS), mESCs and EBs. (b) The heatmaps showing the H3K4me3 enrichment of genome-wide

transcriptional start sites (TSS) in WT and KO yolk sacs, 2 ng/Lyeast DNA termination buffer as Spike-in. (¢) Curve graphs showing H3K4me3 for

global genes. (d) Snapshots showing the enrichment of H3K4me3 at genes promoter region of Gja4, Tall, Collal, Angptl6, Rhag, Hba-x.
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Ash2l-1 is Essential in The Early Hematopoietic Development of
Mouse Yolk Sac’

WANG Xiao-Qing"?, LU Xu-Kun?, XIANG Yun-Long?, LI Lei"**"™
(VSchool of Life Sciences, University of Science and Technology of China, Hefei 230026, China;
IState Key Laboratory of Stem Cell and Reproductive Biology, Institute of Zoology, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract Ash2l promotes H3K4 trimethylation levels through methyltransferase MLL/SET1 complex, which is
essential for mouse embryonic development. Ash2/ have two isoforms (Ash2Il-1 and Ash2l-2) through alternative
promoter usage in mouse. However, the mechanism of this gene in mouse embryonic development and the
function of different isoforms remain unknown. In this study, we used CRISPR/Cas9 technology to specifically
disrupt Ash2l-1 in mice and investigated the role of Ash2/-1 in mouse early embryonic development. Disruption of
Ash2l-1 resulted in embryonic lethality at E9.5-10.5. Particularly, E9.5 Ash2l-1-deficient embryos exhibited
severe growth defects, including developmental defects of yolk sac. Gene expression profiling showed that Ash2[-
1 deficiency affected the expression of specific genes involved in erythropoiesis and vascular formation.
CUT&RUN analysis showed that H3K4me3 levels of the promoter of some specific genes involved in
erythropoiesis and vascular formation was down-regulated. Taken together, these results indicate that Ash2[-1
regulates gene expression through H3K4me3 and plays an essential role in the early hematopoiesis of mouse yolk

sacs.

Key words Ash2l, H3K4me3, early embryonic development, yolk sac, early hematopoiesis, MLL/SET1
complex
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