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Abstract

Adipose tissue is the main source of energy storage and has a significant impact on
overall metabolic homeostasis. It mainly maintains energy balance in animals through the
synthesis and decomposition of triglycerides. It can maintain energy balance in animals
through the synthesis and decomposition of triglycerides. As a complex enzyme for fat
breakdown, lipoprotein lipase (LPL) plays an important role in the metabolism and
transportation of triglycerides. In agricultural animals, LPL is significantly associated with
important economic traits such as backfat thickness and meat quality in livestock such as
pigs and sheep. LPL can regulate the levels of nutrients required during the development of
adipose and muscle tissues, thereby affecting carcass traits such as eye muscle area, lean
meat percentage, and fat ratio. Therefore, identifying the important regulatory elements of
LPL will provide new targets for pig molecular breeding. In this experiment, the cyclic
chromatin conformation capture sequencing (4C-Seq) technique was used to draw the
interaction map of LPL gene before and after adipogenic differentiation of preadipocytes.
Combined with chromatin immune coprecipitation (CHIP seq) technique, it was found that
the 200 kb intergenic region interacting with the promoter of lipoprotein lipase LPL gene
was related to the expression of lipoprotein lipase LPL gene. The two active enhancer
LPL-E1 and LPL-E2 of LPL gene were identified, revealing that PPARG and RXRA have
a significant impact on the activity of LPL-E1 and LPL-E2. The main results are as
follows:

(1) The three-dimensional chromatin interaction map of LPL gene before and after
3T3-L1 lipogenic differentiation was constructed using 4C seq technology. Pearson
correlation coefficient between technical repetitions of 4C seq library was greater than 0.4.
A total of 51 interaction sites were identified in the pre differentiation library, while 17
interaction sites were identified in the post differentiation library.

(2) Compared to the pre differentiation library, the post differentiation library
exhibited a higher proportion of trans interactions (pre differentiation: 58.4%; post
differentiation: 62.55%). The differences in LPL gene interaction sites before and after

adipogenic differentiation were compared using DESeq2 software. Compared to the pre
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differentiation samples, there were 34 significantly upregulated interaction sites and 2280
significantly downregulated interaction sites in the post differentiation samples, indicating
significant changes in LPL gene interaction before and after differentiation.

(3) Combining the ChilP seq data of histones H3K4mel and H3K27me3 after 3T3-L1
differentiation, eight potential active enhancer (LPL-E1-ES8) of LPL gene were identified in
the 200 kb intergenic region (chr8: 68840513 — 69040028), which showed significant
enrichment of H3K27Ac histones. The activity of eight potential enhancer was evaluated
using the dual Luciferase reporting system. Compared with the control vector, the two
enhancer LPL-E1 and LPL-E2 significantly increased Luciferase activity. Among them,
LPL-EIl increased by 1.74 times (P < 0.01), and LPL-E2 increased by 1.78 times (P <
0.01).

(4) In order to clarify the effect of LPL gene enhancer activity change on adipogenic
differentiation ability of adipose precursor somatic cell cells, three groups (CRISPRi-El,
CRISPRi-E2 and CRISPRi Control) were set up in this study. The results at 7 days after
adipogenic differentiation showed that compared with the control group, the expression of
LPL gene and triglyceride content in 3T3-L1 cells were significantly reduced (P < 0.01).
The RNA Seq results indicate that, the genes downregulated by CRISPRi-El and
CRISPRi-E2 were mainly enriched in functional items such as monocarboxylic acid
metabolism, fatty acid metabolism, adipocyte differentiation, neutral lipid metabolism, and
triglyceride metabolism compared to CRISPRi-Control.

(5) The transcription factor (TF) motif enrichment analysis found that LPL-E1 and
LPL-E2 enhancer showed significant enrichment of PPARG and RXRA motif. Combined
with the public ChilP seq (PPARG, RXRA) dataset, the results showed that PPARG and
RXRA were significantly enriched in the LPL-E1 and LPL-E2 enhancer regions. The
constructed LPL-E1 and LPL-E2 double Luciferase report vector, PPARG and RXRA
overexpression vector and pRL-TK plasmid were co transfected into H293T cells to
measure Luciferase activity. The experimental results on Luciferase report showed that
PPARG and RXRA overexpression could significantly increase the post Luciferase activity
of LPL-E1 and LPL-E2 double fluorescent vector.

This study drew a high-resolution whole genome interaction map of the LPL gene
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before and after adipogenic differentiation; The transcriptional activity of LPL gene
enhancer was identified and evaluated; Clarified the functions of LPL-E1 and LPL-E2 in
adipogenic differentiation; Analyzed the regulatory effects of two important lipogenic
transcription factors (PPARG and RXRA) on the activity of LPL-E1 and LPL-E2. In
conclusion, this study provides a theoretical reference for clarifying the transcriptional

regulation of chromatin interaction on adipogenic differentiation genes.

Keywords: LPL gene; Chromatin interaction; 4C-seq; Enhancer; Transcription factor.
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List of Abbreviations

] PR HSC AR
Abbreviation English terms Chinese terms

3T3-L1 Mouse embryonic fibroblast cells /BRI BT R4 1 2

4C Circle chromosome conformation capture TR Gt AR R A 3R

H293T Human Embryonic Kidney 293T cells NN Ei0)

H293FT Human Embryonic Kidney Fast growing SLEEPNIINERATITER
293 cells

LPL Lipoprotein lipase R 4= HiEpiis

PPARG Peroxisome proliferative activated receptor, i XA B 1434 FE V) I
gamma G My

RXRA a retinoid X receptor, alpha RYEE AR

SDIS Significant differential interaction sites B3 7 AR HAE A S

TFs Transcription factors s Rr

TG Triglyceride Hth =1
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(a) Storage mode (b) Burning mode
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Fig.1 Triglyceride storage and hydrolysis patterns in adipocytes
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\ Parenchymal cell
(myocyte and adipocyte)
Mitochondrion
Storage
Fuel

3 BEE BB M =B 5 P REAHARDT
Fig.3 Overview of the role of lipoprotein lipase in triglyceride metabolism
LPL [FFLE B RBE R B2 A 1943 4F, Paul 25 A\ IS8T 215 ik ST 2 A LU
I R i SR S Y AL TE R IMRE - BEJS, — RBURFFCR I, X R AT 2 s
WIFTIE “TEER TR ” 2 — P wene, B “Pisl BERCKL AR ” RS, LS,
V2t su AR AE LPL E AR AN S I E R, R e 1 i ) i (R 4544
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R REFITRE

LPL 3R+ N2 8p22 Yt AR X Ik, 5 AR AR il 1) 7 5 [l . LPL 7EVF
ZANHAA PG, BRITRIAAS R S B Em. AE. AL 4 REARY LPL
1505 cDNA T ke a7 B AN, G b DX ZE A0 ) BAG AR B 1 f <7 1000

LPL R 9 NN E T (BN 6 kb) 5 10 MMET (B5iBRZ) 30 kb) ZH lel 621,
B AINE TS 188 MEX B A EAME T AL SRR, DL R TP
NEIERRIR R . MRS 1948 AMZ TR MK 3HERIBEX AL, R \AMAM
TImAGTR A1) 446 N FERIS . 55 /NN T 9mfi 5 iR B A R4S 6 10 B 1 S5 A
SE VYA ST TG0 B 22 R AT 3 G I R ke ik P 5 Ay 3, X G 2 RSl e i e 25 78
FUHAR A& X8 28 AR T 9mid U FL 7 81 Gly154-Gly231, & A 5L
R G SE/SHER LN T i (1 7 FUAR X & & B PE 2 5L, DR B AR vl e 5
TR TG JH 2% PR R 1k 45 M el R LA (64 05), W RS 5 0 llg il s £E B A L A R I

LPL 2 it =8 53 f AU i SCRERE AN TR G . LPL A& 2% 5 (19 S 40 M =2,
43 h I ] 5 E 200 B 2 1 AR T T P 3R B 1 DROME L, W R A T UL e 1 E ) v T T R
i H 1 (GPIHBPL) K LPL M40 T iz 4 2 G40 L8 N B 4Hfigee, LPL #iz %
M A B, EJEIR KR CMs #1 VLDL H1 [ TG, 774 FFAs fIH . RS R B S
LPL FIEFNENE, T30 FFAs WU B A1 8 38 B 2 AT Re A A FIVE#E. Bk, LPL 24h
JEI 28 BB AR ANTERE AR BT 75 1 TG 7K SR 1 45 R 070,

LPL 5 [ B AL — BRI S R ity 45 Mk, % 5 W30, 3 e AL TR R AR B R
Ui 5 AE3E, DA BB A G R 3T S M 68 e AR iy 445 A 25 A T AR 1) =K
& (SER132, ASP156 Al HIS241) A7 s AL s i 22 DN LIRS, 1KLL L5 1E I
JRRM &G KRR AR b AR D607 SR B R o Xt B R BT R A G S5k, %
IS G IR R AR AR P R E AR . Wk LPL 2 W AH A M2 BR 1 — SR AR 4y
¥, LPL AXTEJE BRI B — SRR AV BR o A IR] — SRR ) B AR f i B 1 3 S AL Dy e
PR 73,

LPL EZAE NN, FRATanne, &8 UIgn, 2 im0 B 40 i 0o i A o
W e G T 3 Wk . LPL EIX Se i i o B AN R AR B D Re . A T A S, LPL
RTEER AR, NEMEE A T 1 (LMF1) 2 —Rhir T P9 B M b B 45 & 3
FEZEAMZ 5N, LPL BRGSO S it AT =3 S, SR J5 2 R AL SR 74,



LPL 7EFLBE ORI AT VLDL (g 7 73 il i A vp o2 i ANAT D ), BT A LPL £ 3E3R0%
1R BRI RRAE AR5 57 TG AEAE AL, A5 OOl 5 B8 LR AR i 4147
TEJRJZ LA™ 4E LPL /&, LPL R E N J2 T 7% (8], I gpi 4 %€ &5 1 GPIHBP1
BB BN A B2 E, 32855 GPIHBP1 4kS2K LPL 4 & /e B4 v 2 b
75,761, Bfif5, LPL 2 fEFLEESChI A VLDL o 2 He R, I8 A Bl (0 40 i 35 He
PRI B MK TG Hh ) B B E F 7R 45 7 LPL 35 DRI 464 98738 (1) R85 (1 7 28 vy H- v — g afie
HAR S T ARG BUE R . [RIRE, ZNBR LPL PRk i Ok 2 5 350™ 5 (10 s H o = R IR
S EAAE R A G 24 NS EIET0T, 5 LPL k52K 8L, T GPIHBPI $t 4%
B R AT 330 LPL £E A B 8] B AR % S At 2 3 3507 B 11 7L B8 /0> I E vy H il
=FRIMAE. HeAl, LPL B:PR20K 52 B — 263 15 R 3 1) s BE R s (GR 1)

% | LPL BT E TS
Table 1 Regulatory factors of LPL

A AT BR LPL &M% LPL mRNA
Apolipoproteins APOC2 T
Apolipoproteins APOCI !

Apolipoproteins APOC3 !
Apolipoproteins APOAS 1

Angiopotietins Angptl3 !

Angiopotietins Angptl4 !

Angiopotietins Angptl8 ! !
Hormones Dexamethasone 1
Hormones PGE2 !
Hormones Cortisol ! !
Hormones Insulin 1 1

1.2 1E5a1

1.2.1 E5aFr—ARFFE

o RS AT R A5 BAE AR R A A R ARG 10 . 8 B b 7 51U
WL BN IE R AL —/NER 7> (<2%) , HRER> 780 1 K2R TE DNA Joft.
IX LA T PP H A0 5 45 G 1) S AR B R — 3, 4 o R R 2EL 2 1 o R 5 S AT s LA
Ftpfrr ek, LT 4EMAE R B A R A i s thoe i AR . XIS DNA ot
BFERE T W9R T DB T ML T ARSI 9 1M S 3l 1 7R e 2] o
HIFE R o B sleaihr rl B YR 37 1) 55 S e s X 5~ A RNA SR &8 1T (RNAPID
AT T S IR 7 T R S PRI HERF JR 3, T S 8 YR T B  HE S P 0 2 o o 38



ST AT DA TSR R BT R L R Bl . R sN & b, IR 222V e e e s L 1
IR T2, 10 p300. Mediator AT BRG1U821, AR4EEATHIEI 3 5 45 A &
Wi, 58] LLAH 3 9 %5 FORAS  Hp i/ 1] CBAZH R B H3 Y K4 FE{L (H3K4me D)
RbrE) , P (A A H3 L) H3K4mel fl K27 i = HF 34k (H3K27me3) A
bR ANEYE (LA A H3 B H3K4mel A1 K27 K 2Bk (H3K27ac) Fbg i )s385,
BN 745 A ML AR IE O A THE) 72 B 4 i S B np 2 1) 4 56 DRI 2 3 i 1 11 03
B/ UL TR 20 38 T S il 292 100 518,
122 #EaF-BaFEE

VR 2T C AW S I3 58 -8 3 A0 TR A 2 S B R Rk R @ ar i), (R Jev:
PG SE I R - B TR AR R ORI R RS R A R . ©F A BETIER, #Esk
R 4215 R B I 3 5 1 A0S Bl Z (AN ) B F A% 3 T 157) . Blobel SEIG 2 88152 B,
SIS /N B-ERE T (Hbb) JA 35 FA m 2 il X 38 5 7 2 [A] ) 42 fih 5 35 Hbb J&
PRI PR SR B SR, RIS AE AN AZAE SR BEHE SIS IR 1 GATAL MBS N 2 nitt, X
TURFE 5 1 R B 1 3 9 H AR B 301 1015 5 90 B 0] LIS S AL R st o il R
il Yo £ 7 P AR (A4 dCas9 il & B 1 30 ) 215 SR 4R A 1 B, mT L@ /Ny 1
(315l e 75 G100 — RARAE JLAE 25 F] beals, LAWY I 77 QBT e € 5 3A 5 5 5 B R
o DR G (0T A B 28 AT RE SRS R (1) 3D JERIZHIAE, AR ST 8455 7 A1 S 3 12 1A
G RS B
1.3 4C-seq £ xE &M 1EE T

BT YA RIEIR (3C) HITTIELL R SR A = AU AR,
B TR R R A A5 5 e R A SRR R . B EIETIXEET L, AWHAL Tk 1 3
SR AESRFMHORGE 3T (TADs) (1 5E BRI 285 5t 3 o e e 1 42 e €0 o R 18 42 it 40
BRI RIEOD . FETF 3C MBAMHE T FF A 5 1 75 40 1% Hh 25 (81302 3 (1) DNA J7 471
AHK, SR 1 FH PR I 9 VIR AT DNA ZEMRERIAZ G H BEIK AT 7 (“3C BEAR™)
B, XSS BOl AT BB A, FERIAT E B AR . IR A A R
HBE AR (A . E 4C-Seq ™Y, 5 FH BRI Y DIEEASEE 3C BEAR, SRS TESE
CAVERSP BRI HMG . BTk, R SIS B BT BRI U  BL CRLRCD
BEAT I PCR, DAY HEILERAKfE (“Hi3R) o 4C-seq 515 BT HI, XFETE
PCR J5 ¥ ¥/~ (AN 3C BRAH ) FL& 1 Mlumina LA R (PS/P7) W7 3&E
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Foas, DR TG Bt — 25 BSR4 DR o 7E Tlumina 055, X SRMIREAT % 58 A
SEHE . WX, 4C-seq AT LATEZMHTASE] 100 J5 AT reads A F A =2
PR MBI« 4C-seq BIARN ) VZ, CUSRIIH T 1R 5 1 A 45 il et i A0S %61,
DA K B A AR G €0 T P 0 ) B R 2L DX B ) SR 2, A s ) v R 3 107

1.4 fIEEFINRERN 504

G5 DI Re I 20 BURFE 5T 7 2 R AE SRS 5 JE H (A lacZ GFP BRPOGEE) Rik
R385 /N JA B0 L o B A e S 51 1 81, R AE AR B P MU o B PR P K o il
VISTA Enhancer Browser! "%V, & K & /N AT AT 751, X85 F17E /N UK B IR

A5 115 RIRSH S FHLIR ) lacZ ik, SRS IR LM R REE T, EA7E
JFAE R 2 AN I 9T T B8 CER A B AT T8 6 o 5 R A B T B L 5 3
BRI IF HIR 2 Bl ARG,

FER ALK G2 b, IR B R IE ) Cas9 (dCas9) AHMHITE (CRISPRID
BE (CRISPRa) 2 [ 45 #4380 8] 1 il A48 5 1 Th e 1T AN L3 58 17 471 19
BT B, K dCas9 AN Krippel AHSSHE (KraB) 4438 18] (Rl & 2 A
L i) N SR R JRa % 1] [X 3% 58 T S BUM R 7 H3K9me3 Hi3EAL, FFRRIKB-EkE&E 9 (HBB)
FL[R k001, CRISPR ¥4 2 RS LSD1 (dCas9-LsD1) #E[a] /M, esCs
(VU 22 BE PR MR R 9 T 5 802 B E R 2%, RIATE SR #2 0 b 1 97 48R AR
SF YA A AR R0, dCas9-KraBCrisPri 77 v E S A4 58 K B FE R 41X
Sk DASR S SE R YR 4% 7 77, 83 ¥E 1) DNasei 8 BUBA A5 O3 B0E i 78 KB IE /I 1 X 45k
Hh G AR -4 BTG PTRE Y dCas9 iR A7 s 103,

Biltn, K dCas9-KRAB #E [ A K562 4Hfu 1 MYC ZEF fE, RIL T LR e
[ MYC 3381, HH7E dCas9-KRAB #EJa] I H3K27ac 1) (5 FHZ FEICHEREE MYC %
LI EAR. 25T Hi-C A1 Chia-Pet 24 (WMHHZERR > 1.8Mb) , BT -L/Mxig
ST MYC A3 FAREAER, fEEE T BURL AR 28 B e s e s, IR el
(PR B2k S B MY C EIE IR0, dCas9-KRAB $8 55 -4 [ 38 5 Th BE 1L BUM 45
F, IXUEEEREUR I R AR O B AR N A 14 e, 5140 RNA-FISH209 Bl #
AN ST 00S), A, AR p300 ZLBEE R B i M 55 4 B 1 08 1 W] S e 3
PRI0O0T, e R K] 261 DX 38 F- 4l ) CRISPRa ¥ UG IR 1~ VP64 17 55 31| FHl 5o A Ot
B Gl A7 s R R Y BE R 20 DX Sk (GRS 100kb) R B 387 76 BT AR 40 i b 4k
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RIRARZS, (EAE LR T 40 AR BRUO7) . BT CRISPR W5 A ESE IR A 7 B4R
ARG 5L D 2 R T8 7, RV S At R P e T AR /R R e n] R AN,
R =1 S it 2. SR [ P 5% P A B AN TR e 108,
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2.1 EEE=

R A AL 7 RV B 2 — KN, 8% 7 R e RO 3R 2B 7 b 4 e Jee
BREE, JRITTURR R EERLTIRE —, BB S B R, R0 A5
AR o FRT, M ik DAL i B AR i o e 3 i 5% 5 R S B g O 1R PR
ROTEEFBZ . BT RS SAE R TR, Bl TR & Sk, 25
PERAIRNE, & EREARAR S . 435 A8 S8 G T A0 o JEE o H8E [ f I A 5% B B [T 14
BESR T R R DR A SRIE HE MRS E S R B T VEIR

NE W2 BA & B B A AR 7y ARG R AR R, 2 5 2 MR B
‘B AR AU A7 1) 2 A8 5, B T =6 1 & BORT 73 i 4E RF SR Y ) RE T
7. LPL /&5 8 AR R AR h 1 oc i 2 —, £ H i =We A Pl = ok B
TERY. WIRARE 55 X LPL SEN e Scifds, JFEt— bt Thaeiait . Winhtt Ay
BN, KB BTt 20 1 IR A R S L, BEDIIR AT FTDh BE 2k R IR AL
il B ARG R S (AT FU LAt

22 FEMRRAR

(1) Zel o AT S % 3T3-L1 B R IT At LPL )4 JE R 20 B AR 3

(2) M E)E 1 3T3-L wTHE T AN o LPL 3% R B AR A £ 1) 22 525

(3) G396 HFPPAL V5 72 38 T IR O Vs 1

(4) HH] CRISPRi H3ARBEAT LY 5 5 ) D) BELRAIE ;

(5) PRI TR 58 - 18 15 FEIE LR (1 43 T L
2.3 HIRAENEX

AT FEIEHL 3T3-L1 Hi AR T A A SEg st G, I =AESER AL T 70 B LPL B K (1)
R DX 3 B A it 4 5 R 2H % £ 07 2 )R A AR SR LPL R PR ik i 45
(RIsEmR, %558 LPL SRR M EERE o, IRA/R LPL FEH W77 AL A B
T8~ LPL FEO AR DT A s, #E i R sh Pk e iR SR vl AT 1 2%
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B=ZE MRERE

3.1 SEEGHR
3.1.1 SCIG4MAR

H293T A1 3T3-L1 40 & ey ob E Rl 2B g e ARG S, T Ja GO Rk
BRI AR, 203FT AN ATCC A, FITIRLENDI % 02855
3.1.2 E#RFAER

PAR Se A T8 B B T R R 8 A B R

(1) TransStbl3 Chemically Competent Cell 4 H & X &AW A 7], JaH 1187
BEFE S JTURL 50 FE

(2) DH50 Chemically Competent Cell 1 H BRI A=Y AR, 582 T 305k
AN 3K R A e

(30 H HFEE J5 37 ANVE AL 7 1 1 51 3 PG T 156 P B X D 3R A 15 A &
4t pGL3-Basic 1 pRL-TK 4 H Promega A 7

(4) FHF 02518 9% 7 1931k pLV hU6-sgRNA hUbC-dCas9-KRAB-T2a-Puro
psPAX2 A1 pVSV-G 1INV R EE SR 2 B B i 7T = 3 it

(5) AT RIEHEF T AA& pEGFP-N1 VU)1AY K= SR 24 B s i
T R A
3.1.3 EEMUFEE

COBEREMES : 2.5~10 pL.20~200 pL+ 100~1000 pL, Eppendorf 7 & , Germany;

(2) H-FRF: ISO9001; BL610, Sartorias A #, Germany;

(3) IR 0HL: Legend Micro21R centrifuge, Thermo A ], USA;

(4) PCR ¥ 141X Bio-Rad A 7], USA;

(5) #Bai/k &4: Milli-Q, Millipore A7, USA;

(6) PR PCRAL: CFX96, USA:

(7) B RAE53HT R4E: Universal Hood 111, FE§AR{¥¢, Bio-Rad A ], USA;

(8) HZBRER A4 #T1X: Healthcare Bio-Science, USA;

(9) NanoDrop2000 #7773 6E 11: Thermo Fisher Scientific A 7], USA;

13



(10) Y%A #: Thermo A, USA;

(11) CO2¥577#48: 371 B Thermo AH], USA;

(12) P EMEE: 1X53, Olympus A, Japan;

(13) -80°CYK4#: Thermo ], USA;

(14> HIVKHL. -20°CUKAR . MR AF & 37 CHBVEIR TEAE . TR Z8RKE
By IR EBIE ARG HIKA KUK TEIR KBRS N E
3.1.4 EERF

(1) Ja2FILiE. DMEM f=ifE. PBS. XHUATEE [ B-EDTA W H Gibco 27l ;

(2) PCR I TAM TEA R A F &

(3) 2XPhanta Max Master Mix Dye Plus. HiScript III 1st Strand cDNA Synthesis
Kit (+gDNA wiper) ¥ Fi{7%. ChamQ Universal SYBR qPCR Master Mix ¢t %€
X7, FastPure Gel DNA Extraction Mini Kit %% [FUitiA 7 & . VAHTS DNA Clean
Beads J¥ H TEMERE A A 5

(4) i ook MR & R/ A/ 2H 2B R 2H DNA SR BGE & GO AL
AISPRIN/AGIE

(5) PR#IPENVIEE (Dpnll. Kpnl - HF. HindIII-HF 1 BsmBI-v2) . T4 DNA %
M. T4 DNA ERAZM (10x) T H NEB 2 5

(6) WAREAT M=K (TG) HgiIE sl & B E A A

(7) E.Z.N.A.® Endo-Free Plasmid Mini Kit IT J& PN & 2 /> & 5 AL 3 B0 &
E.Z.N.A.® Endo-Free Plasmid Midi Kit J& A # & & BURL e U FI & . EZN.A® Gel
Extraction Kit ¥] i [5] 3R 71 & A1 E.ZN.A.® Cycle Pure Kit 2fi {4, [A] i i 7] & 4 H
Omega Bio-tek 2\ 7 ;

(8) Trelief® SoSoo Cloning Kit Ver.2 [ 5 2H i 7l & A 2xT5 Super PCR Mix

(Colony) Jt HZRLEY) A

(9) DNA ZiAb MR 4 i) & B RERH AT

(10) WS AN Y7 & . DAPI 4443 (DAPI Staining Solution) . DEPC
7K (DNase. RNase free) - 4% 2 5 H & B 2 W H 2 = R A F ;s

(11) gnfu %42k Lipofectamine 3000 I H Invitrogen 2 7 ;

(12) Jh4 O JetaikFl &, Nile Red JE 2 400 H R EEEMAF;

14



(13) ABIERE . 0.22 um JEZSAN 0.45 um JELLI [ 2R 70 A4 Rl 2 A 7

(14) JREZ . HZEKF (DEXD | 3-7 T - 1-FEEIES (IBMX) | MEIRE
=¥ E Sigma A#;

(15) 185 753 52 e PRadtrar il - ) 3 177 B0 24 ) s

(16) 12 FLE TR, 6 FLESFRM. 10 e B4R 1L, 6 cm HFFEML. 3.5 cm BRI,
T25 B53% M. T75 B398 M. T175 B53%W H Corning A ] ;

(17) 96 FLiZEHM . 96 fLH . Dual-Glo Luciferase assay system X7 46
A& H Promega A F
3.1.5 BRRFIEH

(1) 43R (10 mL) : 500 uL fJ IM Tris pH 7.5 (50 mM Tris) + 300 pL
f¥) 5 M NaCl (150 mM NaCl) . 100 pL f#J 0.5M EDTA (5mM EDTA) . 250 uL ] 20%
NP-40 (0.5%NP-40) . 100 pL fJ Triton X-100 (1%TX-100) . 200 pL [ 50x 2K A
I o

(2)10 mg/mL & H B K 77K : 100 mg 25 HE K ¥ T 10 mL MIILQ 7K, 1.5 mL
4385, -20°CIRAT

(3) ZFRHFRHRBM: 10 mg ) Amp FET 10 mLMILQ /KH, i H— kit
JERBRTE, 433 1.5 mL [ EP &, -20°CIRAT;

(4) 75% B : 75 mL [ITG/K LGB 25 mL [RRZE K s

(5) LB WifkE: 73 (300 mL) : FREX 3 g NaCl, 3 g RE AR 1.5 g BERRR
Yvs gk, EAZE 300mL, 121°C 20 min =5 K@#, fFiRERFESER)E 4C
TRAF

(6) LB [lfAE9%3 (100 mL) : FREL 1gNaCl, 1 g fEEAME, 0.5 g BEHRH
VIR 1.5 g ek i T#aikd, A% 100 mL, 121°C 20 min &5 KHE, 1100 pL
PUAEREEINCTR, B EIEERE 5B DS O, BT 4CHRE.

(7)) APIGEREFR5: DMEM (EBE) +10%FBS (IBA-IMIE) , 4 CLRAF

(8)3T3-L1 /3 k8% 753, : DMEM G H#)+10 % FBS (i 4 1ML Dinsulin (10 pg/mL),
4°CLRAF s

(9) JUMIFEAFH: T0%DMEM (Eif) +20%FBS (RZFIME ) +10%[ DMSO

(CZHAEARD
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(10) JHEZL O fBAF: 0.5 g JM4Z O #poK+100 mL F N EE, 60 CHfRdyE, 4°C
RAT -
3.1.6 & R 3 i A Y (E B E Wk

(1) NCBI: http://www.ncbi.nlm.nih.gov, ZRECH FIFEE FPH . 751 LA A1 5] P15
it

(2) UCSC Genome Browser: http://genome.ucsc.edu, J&7EE MR 58 7R 15
BTl 2 51 e AL s

(3) GeneCards: http://www.genecards.org/, &K ThHEFIAH AW 545 BHITERE

(4) http://www.addgene.org/vector-database/, FHUEARAH FAE B

(5) Cistrome Data Browser: http://cistrome.org/db/#/, EHANFIEH A F-H s ;

(6) EBI: https://www.ebi.ac.uk/, ~FFH#E T EEERE;

(7) https://primer3.ut.ee/, i 38 H B B 70514905

(8) AnimalTFDB: http://bioinfo.life.hust.edu.cn/AnimalTFDB/, #1 JASPAR:

http://jaspar.genereg.net/, T % 3 K45 547 5

(9) Tefor: http://crispor.tefor.net/, ¥ il sgRNA;

(10) https://wge.stemcell.sanger.ac.uk/, Tl sgRNA i #ERLK .
3.1.7 AL FSHESH

(1) M 3T3-L1 40 52U RNA, AN AR E=NMEWFEE, ke
M= BT R RNA FEAOE B 2200 A ml AT e, Ml s S . SR ik &tk
Ja, A MG & T Rl E N, W5 EKN PE150.

(2) el e 45 R B A AR 40 UG Bl SO AR AE, 280 WriteFQ #EAT 71
S R ) I e A N IR 46 Wy F7 3] Raw Data, X JRIGFHIHEAT L UE, HBR¥E k544
Reads (Reads H#z3ki5 4R E KT Sbp. X T Xl /77, 45— i 52 B4 3k i5 4%,
M 23 P Y] Reads) 5 2 FR1KT & H Reads (Reads H i =1H Q < 19 HUBHIE L0
LI 50% LA b, WX, A5 i ARG R Reads, 4> 253 Reads) ; 2
B N HBIRT 5%010 Reads Of FXUmMIAE, 453 N HLHIRT 5%, W&k
v Reads) o A5 2| E R M Clean Reads, FHEAT FE 01T,

(3) =i reads J8it TopHat v.2.1.0 #% LEXF /N 25 FE K4 (http://genome-
asia.ucsc.edu/;GRCm38/mm10), %N library-type=fr-firststrand (F R S HONERINE ) -
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HEXHE AR PV 2 AT 1A T xR, AW FUAT LUK 7 45 2 1Y reads
Xf BB R S LR b, JE o ir a2 T FIR U 45 R . mRNA ) TPM {EiE S K
allisto (version 0.43.0) BHATE&E, EOHWNMEYFELEHHEA TPM > 0.5 ) mR
NA AR IEH R

(4) 22 59 JE IR I S v /AN [R) R DR AR 20 9 ) — 2L 2 e 11 22 S S DRE B Cuffdiff (p
art of Cufflinks) %5€. Cufflinks/Cuffquant/Cuffdiff [{]Z%H library-type=fr-firststran
d,-u,-b/-G. A T P2 1A mRNA [ EEARR LA, pajd /hT 0.05 Hfold change| >
2 g 75 55 A DR R 1 2 A
3.1.8 EREREEESH

(1) GO Ljfigs . ThRe BB B irah h SEER AL S, £
FOEFER b B2 B AR GO Thaesk H, M4 Hh 78 7 Rk B F 5 IR L8 AR 1) Ty e . 3
FE . FRHTEL MetaScape Chttp://metascape.org/gp/index.html) X % 414 1) 5 A i
G BRI AT DO R AR b, HE T RERIAMA 1 (gene ontology, GO) IMIhAEE 4,

53T 2hHE (molecular function) 4L/ 7 (cellular components) F14= 43 #2
(biological processes) ;X TXLLThFEE &L /M, LLFDR < 0.05 JBIME, Wi/ELs%
1 GO term & SUATE 2 5t R IE IR B35 F 41 GO term. J@id GO HhAE R &M E
B WTREA T 75 S Bk B BT A 1 2 BEAE W) T e

(2) KEGG Pathway 73 #r: {0 s # R M E R A AR HE £ 15 T8k

(https://www.genome.jp/kegg/) « TEAEDRN, A[FFEAE B AAT (8 LAY # DI RE,

2T Pathway HI7 A Bh Tt —20 TR AN ¥ D)8, FDR < 0.05 [f] Pathway
5B SUNTE 22 73R IE R R Hh 235 5 4R 1) Pathway
3.2 KWHE
3.2.1 #fff RNA 2B

AHEFAL R DU S BRGT AH RNA #EAT 3L

(1) BRI g s 77

(2) oA 3 mL PBS ¥ 3 # 5 .

(3) JMA 1m L Trizol 2, WATIRS), (RIEIMUAEE 70, =iRFE 5 min.

(4) JA 200 pL &A4fj/mL Trizol, b FREIZIEUR 15s, FEFHFE 5 min.

(5) 4°CF 12,000 g B0 15 min, EWSHNZFE, W EZE KA,
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(6) ¥ EiBEWERE2HN 1.5 mL &0 H, A 500 pL 7 A EE/mL Trizol, %
MRS e, EEFHE 10 min.

(7) 4°CF 12,000 g B5.0> 10 min, ] WEJKHE G RNA JTiE. 7 BiE, IA 1mL
TR B 75% £ BE/mL Trizol, 4°CF 12,000 g 50> 5 min, ¥EERIUE.

(8) 3% biF, 4CTBEIEL, REWTIRE O,
TEREF TAE G T8 RNA UTUEZ) 3 min, JIAIE & RNase-free Z/KIRFT I # RNA JTUE -

(9) Hu/b& RNA ¥ W 4573 T Nanodrop ¥ I 52 % 3 I M I8 HEL VKRG RNA
JifE, PR RNA EHT-80°CIRAT
322 RERMEE
3.2.2.1 EF4H DNA kK&

%52 2 £ RNase Free [ 200 pL 5508 L] 2 FRIE K 2 DNA FREETR, H#

AR FRRWFTIRS) . 42°C M 2 min.

2 EBRILHH DNA AR &
Table 2 gDNA wiper reaction system

4oy (iR
Rnase-free ddH,O 8 uL
SxgDNA wiper MIX 2 ulL

Total RNA 1 uL (1000 ng)

3.2.2.2 BCH)E3E—5% cDNA & 1K
LB BAR RN 3 457, BCHIZE—5E cDNA & U N, HR 7R
WRITIR AT . 37°C /M 15 min, 85°C /M 5sec, HEATE 5% cDNA &R N .. F=¥)na]

SERIHF qPCR SN, BRALE- 200(%7(?0
%3 5 cDNA &Nk &

Table 3 First-strand synthesis reaction system

4oy fi
F—BHRA R 10 uL
10xRT Mix 2 ulL
HiScript III Enzyme Mix 2 ulL
Oligo (dT) 20VN 1 ulL
Random hexamers 1 ulL

RNase - free ddH>O 4 uL
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3223 WHEE
1356 —%5% cDNA & B H N 20 uL RNase-free ddH.O, %38 4 78 75¢ 6 € =M AT

AT IREL R bR

# 4 RT-qPCR J MK £
Table 4 RT-qPCR reaction system

W4y i &
2x ChamQ Universal SYBR qPCR Master Mix 10 pL

Primerl (10 uM) 0.4 pL
Primer2 (10 uM) 0.4 pL
TemplateDNA/cDNA 1 uL
ddH-O 8.2 uL
RT-qPCR AR 40T .
Stagel A e Reps:1 95°C 30 sec
Stage2 PEIR s 7 Reps:40 95°C 3-10 sec
60°C 10-30 sec
95°C 15 sec
Stage2 R 2R Reps:1 60°C 60 sec
95°C 15 sec

3224 EEHIESH

S 22Tk, UL Gapdh AE NS B, DA I 66 8] o) S e 5 | A )
HRIEMZESE . HESFEMT 270000 ARiEiR 22 UL SEIR 0 5 X 2 (R i 22 k. LPL
FEPRIAE 3T3-L1 kil e Kbk AA BEMER, P<0.05 NEREZE, P<00lH
e AT E
3.2.2.5 RAEESIPIHRITTRERK

WG E B 51 WEE T NCBI #¥s Pe R SRHUK R R 7 71 AT AE 2R it, IR FH NCBI

Primer Blast 374 LU, BB SIWIE AL TAEY ARG, HHRE BRI 5.
# 5 RT-qPCR 514
Table 5 The primer for RT-qPCR

519 51 (5-3") P (bp)
LPL F: GGGAGTTTGGCTCCAGAGTTT 115
R: TGTGTCTTCAGGGGTCCTTAG
Gapdh F: CAGGTTGTCTCCTGCGACTT 133

R: CCCTGTTGCTGTAGCCGTAT
TE: FON RS0, RN NG,
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3.2.3 ZeME L BRAIA{L

ZREYI N 4R, H3E Omega Bio-tek /A7 E.ZN.A.® Cycle Pure Kit Zi4k (5]
WA EEAE WA, X4 PE{L pGL3-basic #EAT AL [, SR A 73 66 B vl 2 ot ki
OD fHAIK L, T — 1 AU 2 e Ve & .

3.2.4 4C-seq B

3.2.4.1 4HREAZEL
N T ARAIE DNA P25, i 500-1000 J3 40N} 4C B EAT #1145

(DEIRF T, PBS H R4 A0 200 %35 B0 2108 N1 id/mL (5 mL =& 1x107
AN .

(2) FWEMHT, MAZEE (5mL) 4% (LR 2%WE , BiENES,
B TR E 10 min.

(3) A 1L.5mL B4 1M HER (REKREN0.13M) , KETHERIK
R AZERN, UK EREE 10 min.

(4) 4°C 500 g #5:0» S min, FHEBRATE L.

(5) H 1 mL #il#1) PBS E&UTIE, JFHE#F] 1.5 mL 1) EP B, 4C 500 g &
L» 5min, FHEFRFTE L&
3.2.4.2 YHREZLHE

4C-Seq il % H R 4 R 2L D IR AN R

(1> H 1 mL B & 0 v 10 40 Ml R A i R 2 B UTIE . VK B E 20 min.

(2) HyE MR R e ¥ 3 ul 4005 3 uL I EER-IE e Y (0 300R & 75 i
WEEI T b, AEB . BB TSR EAE N, AR R, AR
ZEMLAE, 4Ii%Z/DNA 2 /5.

(3) 4°CHMEF 500 g B0 5 min, HERBRITE L.

(4) Btz ELRET 1 mLPBS 1, 4C 500 g &0 Smin, XA LG,

(5) H 440 pL 19 Milli-Q 7K B E T .

(6) I 60 uL 10xREbuffer.

(7 K EPEET 37C, A 15uL 1 10%SDS.

(8) fE 900 r/min &K 37°C, WE 1h.

(9) BN 75 uL [ 20% TritonX-100, 900 r/min & J8¥ 37°C, #E 1 h.
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(10> B 5 puL FEanfEN “ RIS o
3.2.4.3 FIXREIMERYIEEEGY)
4C-Seq ST & ¥ 58— IR BR ] 12 P D) G R D) 2 BR U 1
(1) JEA 200 URE (HindIID) , 900 r/min &J&¥%, 37CHFH 4 h.
(2) JEA 200 URE (HindIID) ,900 r/min &8, 37CHE LK (12-16h) .
(3) BB 200 URE (HindIIl) , 900 r/min &J&¥%, 37CHFHE 4 h.
(4) &S5 pL FEmfEA “THAXTRR” .
(5) FIWrH AR
a. A 5 pLProtK (10 mg/mL) , &8 65C, #HE 1 h.
b. 1E 0.6 % IR A hE e 1A 20 pL.
3.2.4.4 F—REGE
4C SCREH & 58— IRBRE S BRI T -
(1) &JEW 65°C, WFE 20 min, K IFFRHITERZER A I
(2) WEFEARFE R —4 50 mL 5O E
(3) B 700 pL 10xi%EF buffer.
(4) Milli-Q 7/Khi% 7 mL.
(5) S 8.25 uL EF:EE (NEB) , 16 CiHRIFE-
(6) HL 100 uL HIFESAEN “HERXTHR” o
(7 FIWTERRCE:
a. A 5puL ProtK (10mg/mL) , &JE 65C, WH 1h.
b. E 0.6 % FIBEIaBE Btk _EAF 20 pl.
c. MAERFERI, M7 5. WAEEREAL, IMA—LEE
ATP, HEDIE.
3.2.4.5 KBk
A0 5 R i AT 238 Bk
(1) B 30 uL ) Prot K (10mg/mL) , /Ki¥4w 65°C, I ExEL.
(2) A 30 uL ) RNAse A (10mg/mL) , 7Ki%4% 37°C, W E 45 min.
(3) A 7mL KM-F 05, RIRA.
(4) %6 370 t/min E50» 15 min.
(5) BARMEFE B — A 50 mL B0, FFam:



a. 35 mL /K LB
b. 8 mL ] Milli-Q 7K
c. 1 mL ) 3M NaAc pH=5.3
d. 7 uL B HBEJR 20 mg/mL
(6) WRAEIFAE-BOCHEHE, HEIFE & 72,
(7) 4°C 9000 r/min &> 20 min.
(8) B Lif, O 10 mL A1 70% L1
(9) 4°C 3750 r/min &> 15 min.
(10> FrE BiE, iR T
(11) K#H4R 37°C, KPTIEH T 150 uL /) 10 mM Tris-HCl pH=7.5 .
(12) kBT T~ — B U S AR £E-20°C.
3.2.4.6 8RR RYIEEER ]
5 IR BRI A D) B D) P SR
(1) 7E 150 uL3C7FEfh . 0
a. 50 uL 10xCsp6I buffer.
b. 5 uL (10U/ uL) Csp6l
c. Milli-Q 7Kfi % 500 pL.
(2) &JEH37°C, TWHFE-
(3) HUS5 pL FEAEN “THARTHR” o
(4) ST 2
a. TE00% 3 19 5 uL BRSO 95 pL 10 mM Tris-HC1 pH=7.5.
b. £ 0.6% M EENEEEER FAE 20 uL.
c. WHH I ELF, T F . WREHAR, HEF 246 5.
(5) 65°C FIFE 25 min KiFRHIPEZIR A VIS .
3.2.4.7 EIRERE
B IRERES IR T
(1D BREMFEE SO0mL B0 H, A
a. 1.4 mL10 X #$% buffer
b. 16.5 uL EH (NEB)
c. Milli-Q 7K % 14 mL
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(2) 16°CRHEIFE -
3.2.4.8 4C ##mAYLL{L
RN BB 4C B T4k
(1) B2 J5ihn:
a. Il 460 uL [¥J 3M NaAc PH =5.3
b. 7 uL FHME R 1 mg/mL
c. 35 mL /K LB
(2) REIFE-80CHFE, HEEIFEM BRI
(3) 4°CZEF 9000 r/min 2.L» 20 min.
(4) BrZELiE, N 15 mL A1 70% L0 .
(5) 20°C 3750 t/min &> 15 min.
(6) Brdk big, =R T,
(7) W48 37°C, BUTIEAE T 150 pL f 10 mM Tris-HC1 pH=7.5 1.
(8) F QIAquick PCR 4 AL i G0 A S b AT 24 o A AR i 3 FH = A4
AMEF RS S 10 uL DNA. A 50 uL 7 10 mM Tris-HCI pH = 7.5 & AT
(9) {%H NanoDrop 73366 BETHAf & £ 5 R
(10) BFf St A7 T-20°CEk 4k 42 30E 47 K — 2.
3.2.4.9 MRX514
BT VP RS PCR 514081 e A7 IR, DAR & L eR IR IR 4C R 7 &

ML AR 2 AR 6.
% 6 4C BT PCR SRk &
Table 6 The 4C template PCR reaction system

4oy &
10xPCR buffer I 2.5 ulL
dNTP (10 mM) 0.5 uL
reading primer (10 pM) 2 uL
non-reading primer (10 uM) 2ul
Expand Long Template Polymerase mix 0.35 uL
4C template 200 ng

ddH>0O To 25 uL
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PCR R M FE/F U F:

IR TEA L 5 B[]
AR 4 1 94°C 2 min
ARk 30 94°C 10 sec
Bk 60°C 1 min
ZEAH 68°C 3 min
A7) G ZiE A 1 72°C 5 min
RAT 4°C ©

£ 1.5% BB RE B _EFE 10 nLPCR 79 4 2R 51 W0 AR W 25 W B i 2 5% (“ B
BT A “ARTEA” D BT UL 4C-seq SRR D) o
3.2.4.10 MFXENEZ

I ST AR A P R U

(1 BT, R TP R A& R P17 58— 20 PCR M.

£ 7 WA PCR RN AA R
Table 7 Step1 PCR reaction system

4oy i HI &
10xPCR buffer I 5uL
dNTP (10 mM) 1 uL
reading primer (10 pM) 2 uL
non-reading primer (10 uM) 2 uL
Expand Long Template Polymerase mix 0.7 uL
4C templat 200 ng
ddH>O to 25 pul
PCR J B AR U0 R«
SR B E BE A 8]
AL Pk 1 94°C 2 min
A1 16 94°C 10 sec
B 60°C 1 min
JE A 68°C 3 min
e HE fif 1 72°C 5 min
{147 4°C o

(2) 8% F 200 ng 4C BEHFAT 4 X PCR N, PG 4C CEMFE . A
Ja&IF 44 PCR ™), U 50 pL #EAT 464 .
(3) X5 —4 50 uL PCR /=¥)f# F 8x AMPure XP #4744
a. ffF AMPureXP Zk -1, RT “FHfFIVES],
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b. ¥SAN 40 uL AMPureXP WEEREIFE S A, JiEdm iR 21 3¢ HIBE

c. ZILWEE 5 min.

A FRERE TROASE, AENOEEE, B L.

e. AN 200 uL 80% .1 .
f FrmEERE, B2 b,
. BRI 200 pL 80% £ .
Bk b, BREERINGE R

= o]

i 08 T 720

o BB WE RGBSR, BRI LR

k. X FHFEM 30 s.

1. KBk E £ T 50 uL 10mM Tris-HC1 pH=7.5 H1

m. % & 600 r/min, Y& 10 min.
n. FEEIE, BEES R LR
o. ¥ 45 pL 1y EIE R — AT 1) 1.5 mL EP &,

(4) MHAEH— D ZJa ks 2itt PCR ¥ it
e, AEFIEA S, SEA T T R 0 OB AL R e gt

£ 8 0 PCR RV AR
Table 8 Step2 PCR reaction system

175 —+F PCR. fEILEE 2 PCR

175 — 8 PCR W »

4oy i H &=
10 x PCR buffer | 5uL
dNTP (10 mM) 1 uL
reading primer (10 pM) 2 uL
non-reading primer (10 pM) 2 ul
Expand Long Template Polymerase mix 0.7 uL
4C templat 200 ng
ddH->0 to 50 uL
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PCR X W27 40 F

IR TBINEL mE At ja)
THAR 4 1 94°C 2 min
AR 30 94°C 10 sec
1Bk 60°C 1 min
ZEAH 68°C 3 min
AL f 1 68°C 5 min
PRAT 4°C ©

(5) 18 Qiagen i &4li4L PCR 4.
(6) 4] NanoDrop 73 66 FE T € #F i IR BE o IRIE A260/A280 HIWR I LEAE
75 1.8 F12.0 28], F£H A260/230 (WY ELE > 2.0,
(7) 4C-seq SLER] LIFA##E-20°C, B H Mlumina /5l &8l 7 55 BRI .
3.2.5 BEiFABEIEMIE R F IR A
3.2.5.1 BIREFEEY
Jf KpnI-HF A YIEENH B 488044 pGL3-basic #EATVIE], FEF8 37°CHEY), B4

AN 9.
%9 BV R Btk 5

Table 9 Enzyme cleavage reaction system

4y &
JRRIDNA 20 pg
Kpnl-HF 5uL
10xCutSmart buffer 5uL
H>O To 50 uL

3.2.5.2 et RRIaiiL

ZBFU) A BREAA , KRS 0 #% /A F] FastPure Gel DNA ExtractionMini Kit 4/ i)t
WA, WML pGL3-basic FEAT AL . SR 4066 B THI & iR OD (BRI,
N 2 (v Y5 H 2 B E
3.2.5.3 B C57BL/6) (MNREEFE

MR AR bR A F] S 2H 2R 2H DNA S BUAGR S W45, $2HL C57BL/6) /)
B IR VL ZH AU AT 2H DNA . K H 230 606 BE vl € 2 K1 41 DNA ) OD B AR EE, N
N BV I R Y B E
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3254 HIEER B FRBEEIERFREFASIY

MR¥E NCBI £ 2 LPL 2R ppI AR A A B, SREH s aa A s i
2000bp 4% 5 2 46 7 s N I 500 bp it 2500 bp B BN H G 3 F X k. FIH
NCBIPrimer-BLAST ¥ 1t — &1 5'Bk L 3'F BB JE 8+ 5| A E S PE I 5 1 5140

T 88 B 37 ARGk BN RS P 08 7 v B I8 AR 10.
10 AFE P BUR 80T AR IR R 0 5 51 )

Table 10 PCR primers for candidate active enhancers

ElEZ| Fe3) (5'-3') PV (bp)

Lpl-E1-1 F: CAGCCCACAGAGCTTCCTTT 970
R: GTATGAACTGTGCCCAGGCT

Lpl-E1-2 F: CGGGTCTCACATTGATGCCA 1076
R: ACAGTCCCTTTGATCCAGCG

Lpl-E2-1 F: CTGCCTCCTTGCTACTGCAT 1003
R: AGGCCTATACCACAAAGGTTGG

Lpl-E2-2 F: AAAACCACCTCCTTCTGGGC 1151
R: GGTAGGTAGGCAAGGATTCCA

Lpl-E3-1 F: CAGGTTACTGCAGGGCAGAT 1543
R: AAGCTTGCTCCATTCCCCAG

Lpl-E3-2 F: GTTACTGCAGGGCAGATAGCA 1178
R: TGGGTTGGCCCTACATACAG

Lpl-E4-1 F: CACCAGAGCTCTCCTGCAAA 778
R: GACATGTTTGTGGGCGTGAG

Lpl-E4-2 F: CCAAGGCTCTTGCGTGAAAC 807
R: TTCATGAGCCCTGAAAGGCA

Lpl-E5-1 F: CAGCAAAAGCTGTGCTCCTG 467
R: ACATCATCAGCCTGCTTCCC

Lpl-E5-2 F: GCAAAAGCTGTGCTCCTGTC 472
R: CCTGAGCACATCATCAGCCT

Lpl-E6-1 F: GCCCAACATACAGCAAGGACTA 1017
R: ACCAGCTGCCTGGTGCATAATAA

Lpl-E6-2 F: CACGACTCTCCTTACAGACTGC 1083
R: TTACCAGCTGCCTGGTGCATAAT

Lpl-E7-1 F: GACCTTCTCTTCTGGGCAGG 976
R: ATTGGCAACCCTCTTGCCTT

Lpl-E7-2 F: TTTTGCCTCTCCCCATGTGC 943
R: AACTCACTGTTGCCCAGGTG

Lpl-E8-1 F: AGCTCCGGTCTTGTTTTTCCA 554
R: AACTCAGCGTTGGAAGGAGG

Lpl-E8-2 F: GCTCCGGTCTTGTTTTTCCAG 530
R: GGCTGACATTCTTGGGCAGT

E: FOALRSI, ROATH 51,
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3.2.5.5 I MEIERT

KM IE PCR, FHTE AT PR3 5 1 5 0% H 0 X Sskadb AT 4 1, AR ¥R 11 #E4T PCR

SN o
# 11 PCR JR itk %
Table 11 The PCR reaction system
Hoyr &
2x Phanta Max Master Mix 25 ulL
WS (10 pM) 2ul
LI (10 M) 2uL
HiHR DNA x ul
ddH,0 to 50 uL
PCR XM AEFUIF
R TEIREL mE i [8]
TiAR P 1 95°C 30 sec
A 95°C 15 sec
Bk 35 60°C 15 sec
S 72°C 30 sec/kb
ARG A fif 1 72°C 5 min
RAE 4°C o

3.2.5.6 IRASTEEERSER K S EERR EIUR

PCR " 4505, P 1.5%35 688, 78 120V B S6F T, HLUk 30 min.

B HLIK R, EAMT P YIS A H i DNA F BCEIB IR PR, BN 1.5 mL EP
B, HRIE Omega Bio-tek A 7] E.Z.N.A®Gel Extraction Kit ¥ % [B] SR 71 & 1A 15 1
F5, XF B DNA F BodE A7 R aik . SRS 66 TN E SOk OD EANKRE, AT

— o R R 2 N E
3.2.5.7 M EES BRI R ERER

A [FR B2 5"k 1A B v Bodi 42 2 267 pGL3-Basic #4k F:
F 12 [FJREH RN AR R

Table 12 The Homologous recombination reaction system

Hoy i &
RN 1 uL

H B 1 uL
2xS0S00 Mix 2L
ddH,0 to 10 pL
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3.2.5.8 EREFEEK
K EHE = B2 S, SPBRINT :

(1) HEHZWNAT 5 min, HL 100 pL B2 MoKt A B DNA, i
J&, VK EERE 15-25 min.

(2) 42°CIKIBFAI 45 s, IMRFEFL BIKIEH, ##HE 2 min.

(3) MELERIAN 1 mL AEHAERKITCE LB AR IR, R G 37°C,
220 r/min & 75 30-60 min.

(4) =i 1500 r/min, &0 3 min, Bk 600 uL FiE, WRITIRS], WL 100 uL
WS SR A B AR PUAE RN E R LB #5372 L, 37°CRIFFAE IEE 30 min J5, 7
=W GRS PR LS
3259 BRBEURETE

110 pL /M Sk BREL LB [ kB 7208 F IR IR MR s b s, — MRk AL
AN s, 10 uL ddHL0 FRBE NI PCR HIARAR, MRHEZR 13 #E47 PCR MK &R

Fe i o

% 13 BiY% PCR VA4 &
Table 13 The clony PCR reaction system

e &

2xT5 Super PCR Mix (Colony) 10 uL
WS (10 pM) 1 uL
RIS (10 uM) 1 uL
FER DNA 1l
ddH>O to 20 puL

PCR X W AE /740 F
IR TEINEL i s []
TiAE P 1 98°C 2 min
AR 98°C 15 sec
Bk 35 60°C 15 sec
JEAH 72°C 30 sec/kb
AV JEC ZiE i 1 72°C 5 min
RAF 4°C ©

PCR ¥R )G, P M4 1.5%5 068, 120V K, 30 min #E47 HLIK. HERHE
VKJETEBEE BRAG R S H RRE S K 38 B IR 2% BRI AR B VB AR 2 AT 7% 10 mL
WRREFREE (% 100 mg/L Amp) () 15 mL B0, T 37°CIEIEREIK (220 r/min)
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BEF% 12 he B 1 mL BVROA A TAEY) TR 2 w3847 sanger W7, 07 45 SR 0 1R ) T 9
T TRLHR L o
3.2.5.10 TREFER/NDEFRARZN
M a5 RN IG, BRIE TG S0 TR 10 BH 1 5 BE B, MR 4% OMEGA 2 #]
Endo-free Plasmid Mini Kit II #/E T}, #EATEAFUR L AR/ RPEMIE. KA
JGEETHINE BURL OD (AR, NN — B E SN E € & .
3.2.6 MRSEEARHRREE R K EMENE
3.2.6.1 H293T 4HREE 75\ IEFFAEHR
H293T MR T E5 IR A D BN R
(1) WA 293T 4ilR A7 E 3N\ PE TEH, BT 37°C/Kitin h ik
Sezl), ff 2 TR AE
OB WA B R 24 3 mL DMEM 5845538 15 mL B0 W,
BFEWITIRA], 1200 t/min, &0 3 min.
(3) 3 EiFE, A 2 mLDMEM 7E4 R I8, SO AT Hil B4 il e, R
CAVRS i 8
(4) ¥ HEJG MM 2 60 mm 4HMIREFRIL, AN EARFRBANE SmL, i
N 37°CHEFRAE N HE 7
(5) FIREE R AEKAF DL, BN S, HHHTEET) DMEM 56 455
FEW o
(6) FFgufIKF] 60-70%H}, (EAEIREAZEIN 96 FLEAMR, BT 37°CHi 774
MR, 24h R,
3.2.6.2 Lipo3000 % H293T 4HAE
I H Promega A 7 ) Lipo3000 2 M % Y ik 771 & 4« H293T Zife, PR T -
(1) B E 70~80%31 £ L I A 54 G
(2) $2EAT 1 h BUH 96 FLAHMIE TR, B4 90 pL Hri 5 415 77l
(3) #2117 30 min BCHIHE 5 A AN B WA %
(4) 18 Lipofectamine™3000 a7t B i HE 4786 4.
3.2.6.3 Dual-Glo®E N REBO N RGIRIEL TR
fd F I E Promega 2 7 [t Dual-Glo® Luciferase assay system X2 ¢ 75 &
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EAMTOCTRE, BRI

(1) M I 57 Fh X HE 55 376 W LB DA ) 96 FLAR o PR 06 ZUF0 BT FH 4 28 '
KA (luminometer) FEZ (WIAECIT A o NIRBUREL R, EFATE 2 DT
K 5 % (10 4 0 T 147 3 30

(2) 1 96 FLBEEFL oA 5 FL N 85 9% 22 A& U 25 ) Dual-Glo® Luciferase
Reagent, VB%5), #4 75 pL AN BIEEFRAE 75 pL 53 R 40 v

(3) Z/D%AF 10 min, RTS8, SRE 1R OG ARG I 5 K B k.

(4) [ EALHF A S VIUER: 77 3R B AH S5 1) Dual-Glo® Stop & Glo® Reagent,
R s 2 Bk, IARRFHAR—8A 96 FLER N 75 uL.

(5) Z/D%FF 10 min, SRJGWEE SR B OG- PRI &0 B 1% 5
K HED A

(6) FHEIRIATEIE ST 747
327 1EREERS ML
3.2.7.1 ¥R ERKIEE]

Fl BsmBI-v2 P VIEEXTE 283K pLV hU6-sgRNA hUbC-dCas9-KRAB-T2a-Puro

BEATVIE], FEFr oy 55°CHEY), MEDIk R W& 14,
% 14 WU RRAR R

Table 14 Enzyme cleavage reaction system

4oy fi

JFiki DNA 30 pug
BsmBI-v2 4 uL (10U/uL)
10x3.1 buffer 10 uL

ddH,O to 100 pL

3.2.7.2 M EBTRIZE
LIS R L FURL, AR 4 Omega Bio-tek /4 F E.Z.N.A.® Cycle Pure Kit i
FIGIERAETFN, AT BRI 24K . SR 73 66 FE vl € kL OD (AR, N

TP BEE R,
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3.2.7.3 Oligo sgRNA i&it

RYE sgRNA BeitPiuli, Wit PRl m) vl VR o 7 1) sgRNA L& 15,
R 15 HEFAIE5E T sgRNA 751
Table 15 primer sequence for optimal sgRNA

514 Fey) (5-3")

Lpl-E1-gl F: CACCGTATCTACCTACAAAGCAGAG
R: AAACCTCTGCTTTGTAGGTAGATAC
Lpl-E1-g2 F: CACCGAGATATTTAATGTCCCGTA

R: AAACTACGGGACATTAAATATCTC
Lpl-E1-g3 F: CACCGTGGATAGAGTCAGAAGACC
R: AAACGGTCTTCTGACTCTATCCAC

Lpl-E2-gl F: CACCGTCTCCAAACACCATCACGT
R: AAACACGTGATGGTGTTTGGAGAC
Lpl-E2-g2 F: CACCGAGTGCTGAAGCCCAACGTGA

R: AAACTCACGTTGGGCTTCAGCACTC
Lpl-E2-g3 F: CACCGATAGGCCTATAAATCCCAGT
R: AAACACTGGGATTTATAGGCCTATC

TE: PRSI, RA NS,
3.2.7.4 Oligo sgRNA RA

A2 16 AT Oligo sgRNA 1B K J v 44 R Ll -
£ 16 FI1PB KR MAK F

Table 16 Oligonucleotides annealing reaction system

4oy i H &=
Nuclease-Free Water 3uL
Annealing Buffer for DNA Oligos (5x) 2 uL
DNA oligo A (10 pM) 2.5ul
DNA oligo B (10 uMD 2.5uL

PCR NV FE/F 1R -

A IR T I} 1]
A 95°C 2 min
iBK 8 s FF#0.1°C, P& %25°C 90 min

RAF 4°C ©
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3.2.7.5 gRNA F1 dCas9-KRAB-T2a-Puro ¢ L & {AEEE
x 17 EERPAE R

Table 17 Ligation reaction system

4oy fi
Solution I SuL
Oligo sgRNA 4 uL (10U/uL)
25t dCas9-KRAB-T2a-Puro #/k 290 ng
ddH>O to 10 pL
e JRANR

(1) ¥ PR EAK DNA 546 A\ DNA J7 B & il 2 BUAFR Y 10 pL 1) DNA 7]

(2) [r]_i& DNA & IIANEEARFL (10 L) ) Solutionl, 78737 A] .

(3) 16°C XM 30 min.

(4) FEFALZ /T R S IIN 1 ul 1 Solution 11,

(5) RN AT EAEH TAE AL . ¥ 10 pL B SSBIIAF] 100 pL stbl3 &S24
Mt
3.2.7.6 EME

stbl3 B2 A A M e AU ANIR D RN T

(1) £ 100 pL stbl3 J& 32 A4 M E T UK P if -

(2) NN 1 ul B Solution 111,

(3) ¥EEEPINNE stbl3 RZ RN, Fapsg B,

(4) PKH3CE 30 min.

(5) 42°CIKIBHIH 45 s.

(6) LEVEERS Z KA 2 min.

(7> I 500 pL 37°C il i B e HitE ik LB 337K .

(8) 37°C 220 r/min 75 1 h,

(9) 5000 r/min 250> 1 min, WF& 300 uL E3F, B 300 pL _HiEHBWRIT EEH
PR 100 L W40 B & 2 HiAE R E K LB #5952k b, 37°CHFR4H 1EE 30 min
JG, PR ETRCT R R R R R R
3277 BRENREE

FI A /SR BRI LB [ A 55 78R b T4 T 1 B s f o, — MR HRE AN
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FLFE R 10 pL ddH.O #iBEAE A PCR LR, HRHEK 13 HE1T PCR R B4 RAFIFE
FF#EAT. PCRYIGEE G, W4 1.5%3 5, 120 V L%, 30 min #H4T HLVK. #E
JR LK G FE B IR AR R G0 R AR BRGSO BG Y E 0 A1 1 R0 R B VRS AR A AR T
100 mL B AAE; 774 (15 100 mg/L Amp) 1] 300 mL #E/E i, T 37° CHEIRFER (220
r/min) $57% 12 he B 1 mL BIE A TAEY TR A RIEAT sanger W7, WP 45 R0
B VR T JTRL S HL
3.2.7.8 TAHREFEFAIRE

SWMFERNNIGE, PR ST ZER M P W, 45 OMEGA A Al
Endo-Free Plasmid Midi Kit #4F 0, BEAT EA R R P EAhiR . R0
FEVHIE kL OD HANREE, N R — PR LE SN E E & .
3.2.7.9 WAEGESEERALSR

i P 25 2 R A W) R R A0S 440 2 ik 70 e e 293F T 4, D YRUT R -

(1) HH—% 293FT 41T T25 M5 72, MUl & Bk 3] 80% /0 47 1,
PR 10 om 405 IR A BTG BA S 80% /LA, WHALIFEERN T T175 41
MRS IR, 0 25 mL BRI e R 7788 37TCRIFRS,  50-60 %Il A FEI k47 #

(2) BYeHt QhZ2W) , BEHFEASTHERN 15 mL AR R

(3) HX 95 pg FrL 4L iikl DNA (3 FTRLSE 95 ng, S ARFRA B 200 pl)
JMAZE] 1.6 mL CaCIl2 ¥R H, WATIRE.

(4) #f 1.6 mL BBS VA & TR e, HAT#gRE, # DNA-CaCl2
Z RN BBS R

(5) ¥ DNA-CaCI2-BBS J& &4, e 30s, =IEIFE 20-30 min, ME A&7
AT TTRE . R B SR E, Wi 15 s, REWEIEREREINE] T175 £33 MAE
frE, BRI IRAEEE TR

(6) AR 246 R ABERRES X T A E4H K B A, )5 6-12 h (AN T 4
h) BB SRANFEFMATBERES U &7, St 15 mL B OO IR, dRE% 5%

(7) #3005 24 h, WEE 15 mL _B3E0E 50 mL #5048, 4°CHRAE; FERI0 30 mL
TCR BT TR L RE7

(8) 5 48 h, W4E 30 mL il E 50 mL &0, 4°CHRAE; FEIN 30 mL
TCR BT TR AR R 7
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(9) #3572 h, YdE 30 mL _EiETRE S0 mL B0 8, 4°CARA7 ok A RS .

3.2.7.10 1R EKYE
R R E R P R

(1) HEIEE 2R TR, A AFTIA MilliQ /K (¥4 PBS) , /KETA
IR, 4°C 4000 g &0 10 mino PR RSEREVRAAMSI L, RIATAAVBAA, I BAAHT,
TR 7 EA AR UK BT

(2) HER A . MRIBAMIRES, 73ISR S 24 h (15mL)  48h (30 mL).
72h (30 mL) ZHff BiEWR. WS EE LG, (FH 0.45 um JELE I IEEH 50 mL B0
EEH.

(3) Bk EREEAEY 14 mL.

(4) K I )5 R 2 F 100 kD (100000 NMWL) & HHTHEIE R L, 4°C,
4000 g B> 25 min.

(5) WAEfG, DNHEKE . EHRIGRIRG, BAMREE R AT RETEIK FHfE.
BIRIE DS HE GEtdo BNBIESOENE, WITRAMKREIUE, &
5 T AR U 30 RS () VA T AN R B, A G B R R A . EEAEA B BAR R R, B
O VL RV EUE IR AR TG AR A

(6) A5 FH 1295 B 0 B 2L AT I R I E T B, SRJG 70 %%, -80°CHRAFE, KL
5 FH R PTJ8C 4°C AR A7 5

(7) o g I MilliQ 7K, /KESEATME, BiIEEAT, 4°CIRIE.
3.2.7.11 NS REHEE

A5 FH U 1 T8 L A ) P 1 i 88 28 Dl R TG I 1 o 18 7 T EE EAT AN, 2D R
LU

(D FTHFQEBERNR, SFBEEY 22 G b,

(2) MITEB WAL 20 pL 2540 )5 B B8, TINEAE G E T FIA 50 pl
SRURIE

(3) 1k 10-15 min Ji5 BT #5455
3.2.7.12 IR B RRNEMZAIFAE

T AP A R A 251, ASIRIA0 0 200 R R0 AR R 52 AN ], R 55 2 1
PRI MR FEAFAE 25 57 o PUAE ZR (M I3 RE 07t 7T A8 R S ) e A 26 b3 s R [ — s o s A
JEZ L 2 R T AN ] o AR R B R Bl A A s R S a0 45 R . an

35



A IR IR, AN REFR /0 R SEBIVE R Yo, 3 B P IR R W SRR IR
K - Pt B 2 R SERH PR Y A, S SRIR ORI T o N T ARIE SR B0 45 R A 1
ASTIE I TE A [R1 A FEE ik P A B3 20 3T3-L1 20 A K AMHIIE I, DAIAA 58 S R 7 ik
WRE, N e FE P AL BRI AT S48

HAR SR R UNT -

(1) Dayl: ¥ 60 mm 43577 ML AR 4 BEIA F] 70-80%H) 3T3-L1 i, HfhE|
6 FLAR A, 37°CHN i &L .

(2) Day2: ERFFRAJS MM P EH S ARREEWER (0. 1. 1.5, 2.
2.5\ 3ug/mL) [FEEIRIERE TR L, TE 4R IR AL S TE A0 M 3% R A TR 4k SR R

(3) Day3: HHTEEME R LIPURIER T40M, —f 2 d AT BARSE 99% KR
1% pac ZERIANAL, AT DAZE DNRERS B 3R 5 16 1-2 d tn] LAEAT WA ARAE VG R, AT
B 22 RSB IE H 4 ) 2 B AR B

(4) Day4: FHHEERITHIES; IR, JEWRAMMAATER . RN A KRS,
%) 2-3 d EHUE B R IR AL . B H AR, WERAAEAREE, i EPiE R
FRE T UG 4-6 d WA BORGEARRE LB BT R S A0 I 25 WD i IR B . 2472 1 2 i
I e A AR T, TR BE (R BT A 3R AT 1R DAy Rt 24 AR
3.2.7.13 18mERE 3T3-L1 4HAE

i P R 408 i (A5 L 3T3-L1 4R, bR

(1) 1875 8 1 JE -

a. JRPZHMIRT, A-80°CUKFT - HLH 185 7 B T oK & B AR .
b. f#H 5 mL ES SRR, A 0.45 pm ISR (IRE AR e

PR 15 mL BLOE, WET 4CkKFEh&H.
(2) 18 B R4 i -

a. BRIRAS RPN B R R 12 FLHR,  PRIEEE R B BRI A v A
BT 30%-50%2 1. AN 37T, CO2 K S%MEFFEAE 15 971

b. BEFRAATHE A, TR T SR A KRS SRR G R s i
WEBLF, WIFUESER . HA | FLAMEEAT AR v 4, ARIEA I , R Gean i
() MOI {195 0 52 TS PR S A4

c. A 12h )5, WE LS HRERRLEE TR, FFAMIN— B i i 576 4
R IR, dRSE 37°CHEFR.
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d. /&G 24 h J5, BERPTA IR, EHOGTEE N SRR, AkEE 3T C R,
e. JEYL)5 48 h, XJ T Puromycin PUikZE R M8, # b 2 pg/mL R EENERS
BRI E 2RI, ikt e T 3T3-L1 4Hfftk.

(3) R FRIA L MR I I -

a. 3T3-L1 ALY 48 h 5, K 2 pg/mL < FZ RIS B3 3 (K7 B 58 ARG IR T,
BEAARERAL, IF U E R YRR R0 3T3-L1 4RSI AL, An N B E N
WIS EE R o

b. fEfE 2-3d, HHLS AR R TR

c. Pk 4dJ5, XTHEZH 3T3-L1 AMAERIZ 100%50T, AbHR H A7 % (140N
FIEPUES BRI K A . SRS AR S5 H 1 HEAT 22 o0t I B0 P o e 200 ) 5 i

d. Framff el LR E AR KT, WS B2 3R IR BE I TS B HE 7R . R 3R
TE LIRSS, 2-3 d IS A RS R R TR TR

328 BRESETHENESEE

3.2.8.1 I FRIAHIAEGY]
F HindIII-HF N ) B & 284544 pEGFP-N1 #EAT V1%, FEF N 37CHREY), BEY)
R IR 18,

3

J

* 18 FRYVI MWK &R

Table 18 Enzyme cleavage reaction system

4oy &
ikl DNA 20 pg
HindIII - HF 5uL
10xCutSmart buffer S5 uL
ddH>O to 50 uL

3.2.8.2 et BRkIai{L

ZBFU) R BRIk, ARE % ME#% A 7] FastPure Gel DNA Extraction Mini Kit #1F
Ui, X MEAE pEGFP-N1 ZEAT A4k [T o SR FH 3 60 B8 1H e ok OD B AR B
NN 2 [ E 2 B E
3.2.8.3 R AR 575 EIRE CSTBL/6) /MRALAILELE RNA HREER
3.2.8.4 1% REF CDS

M4 Ensemble #04 22 1 i 5 73 AL TR AE G % s R -F CDS X I 3 B AL R 2L A7
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F| | NCBIPrimer-BLAST %1t 514 #a 5% K1 CDS X, 5I¥)F 7 W& 19,

19 HxH T CDS X 154
Table 19 PCR primers for transcription factors CDS regions

519 5] (5-3")
Pparg-Clone F: CAAAACACCAGTGTGAATTACAGC

R: CGGGTGGGACTTTCCTGCTA
RXRA-Clone F: TTGACGCAAATGGGCGGTAG
R: GAACTTCAGGGTCAGCTTGC
Ve P B, R AT,
3.29 Hil=Fs&&ENE

AT FUAR I ) S 2 i B e = A 0 X7 5 0k 200 oy = s R AT

(D) fEFHB R ASRGE A R 920, PBS Woegna i vk, i Al 4 Al L3
Rk

(2) FELBIEE 1x108ANGRMLINA 0.1 ml 2@, JRAIG SR E 10 205,

(3) BUER FEREZR 1.5 ml B0 F, 70°C ik 10 4354

(4) W4ml 5 Rl 5 1 mlidH R2IBE, 520 TR, ILECHLH B ORAF
U R OB I 5 %

(5) ¥ 4 mM HilbRAE A5 LERRE N 1000, 5004 2504 125, 62.5. 31.25. 15.625.
7.8125 pmol/L;

(6> HL 10 uL AL S 5 90 pL TARMIR S, M 96 LI, &FAMFEM 3 AN E
2, WEAMER 37°C RN 15 4.

(7) A F B AAE B (AR K 550 nm R E A OD {H.
3.2.10 JHZL O %t

AT A P 2R3 5 A 2 m] AL O R GO Al B AT e £

(1) FRMRAE R IR LG RS IR, PBS ¥t 2-3 IKJ5. 12 FLIREAS LA
A 1 mL 4%% SR 2w, (E=06 T [ 5E 15 min.

(2) W ARRRE 2L, H 60% 5 INELMEE 2 ¥k, LI 800 uL JH4T O %t
B TR, =il N 44 15 min.

(3) H PBS ¥EZ4WK, BT Wi T MEmE.
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BT RS0

4.1 LPL EFEERBESURTERRIERIZEFEE

BRI, BN /N, LPL % B3R IATE 75 BK R IR T BR /R Rk ok 61 5
TG AL, OFOIE. FENRARITAZ. ATFF T T 3T3-L1 40k 1-7 K
(1) RT-qPCR %48 AT 42 8], BA® 1 LPL (£ 0TG5 ¥ 3T3-L1 40 & mRNA 4
SRR, BRSNS, REEZD I, L RERIEE (K 4.

A B
1.54
Undifferentiation Differentiation-7-days LA

- kK
5 4o- T
(%]
o
&
o Hx
2 w0
£ 0.51
® oee
<
=z
o T
€ o0l

RIPUANR AL

4 (A) 3T3-L1 @M R#E T fE B s (B) 3T3-L1 9kBi/E LPL EF ) mRNA kK
EF o

Fig.4 (A) 3T3-L1 cell line before and after adipogenic differentiation; (B) Relative mRNA expression of

LPL gene before and after 3T3-L1 differentiation.

4.1.1 4C-seq X FEHE

AT R AR e 3 EEAE K LPL SR i SR AR, R
WEFL T LPL B 5 3l A 3% R e S R 4 47 23 (Viewpoint, VP) , £ 3T3-L1
M AT 4C-seq SES . MAFEARPANMEYFEE, AN 3T3-L1 401/ LPL
BERILMIEE T 4 A 4C-seq SCEE AW T SCE—IL3RAG T K2 0.6 JE 5% LUk 21 5L R 20
1 reads, “PYIEEASCPEA 1500 4% reads, HH3L 1040 /5456 3% reads, “FIIEIC
A 260 Ji26H5 % reads. K% 18%—68%(1) total reads 73 A7 VP Jetifk . “cis/all >
40%” /& VT Al 4C-seq B BT R — AN E BTG bR, AN 4 4> 4C-seq BIREN G
“cis/all > 40%" X —Fr#E (R 20) o LK, BWFGH T cis Fetfk A IMb bin 22
REORER DA PN AR S Ay s ih =l i) SR A = REet /K 3= =l i
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Pearson tHVE REL, R EIRATH 4 4 4C-seq LU 2H ¥ Pearson A% REII KT 0.4

(E5) , XK 4C-seq LI & KT A ER G ER, WTHTIRE0HT.
F 20 A 4C-seq SCERI R
Table 20 Detailed quality metrics of each 4C data

nMapped cis/over capt100
vpname nReads nMapped . .

Cis all ratio Kb
Lpl 3T3-L1 1 21,391,146 17,482,160 13,512,823 0.751328746  94.11
Lpl 3T3-L1 2 19,697,641 16,363,479 12,944,997 0.750062156  94.48

Lpl 3T3-L1-AD 1 13,115,671 12,404,620 11,877,591 0.648875231 23.8
Lpl 3T3-L1-AD 2 14,224,592 13,607,034 13,066,592 0.627740428  37.42

LPL_L1 LPL_L1_AD

R=0.66,p<2.2e-16

R=0.95, p<2.2e-16

2 4 6 8 10 0 2 4 6
L1_1 L1_AD_1

K5 AW R 2 18I BRI RE . 2B 3T3-L1 704k, A Koy 3T3-L1 ke
Fig.5 Pearson correlation between biological replicates. The left image shows undifferentiatial 3T3-L1

cell, the right image shows differentiatial 3T3-L1 cell.

4.1.2 LPL £RF £ ERFH B (EEERLZE

NT %) 3T3-L1 H LPL &R ) 4 JE R 240 AR TR , A FUEAT 13Cseq 2T %5 58
S FERHBAEAL T (B 6) o ST SRR JE s/ 200 M A% 1N I LA = A ) v 2 A
ST AT REMELAEAL i, AT RARER T ARG REE A4 2 IR B 53 40 8 i) B AR a o 1E
PNV EE Y, JH 8%42%M BARA St v 4 0E, X R 1 4z A gL
R R EAEME M (K20 o [HEAEERE, A% 0 2% E N AR
7 KSR VP I 1 Mb LA, XK 4C-seq A RKEIIE SIS, LI
RS0 B AR PPy 4830 2 DX A5k S Bl R SR (PSR R, JF BAE VP I AE
Em S B B R S B AEA . Rk, ARHIF 7T 5 82 25 BT cis Yt R o 1 BLAE
B, IXEERT R S e R B AL
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K 6 LPL FE[R 4= 5L R 20 B AF K
WIREE R T LPL 78 3T3-L1 iR RNAMBEH . gk 2EEHES, BB L7 fs
RRRR A gm S . £ Sea: T oL A Bk

Fig.6 Genome-wide interaction profiles of LPL
Circos plots showing genome-wide interaction of LPL gene during 3T3-L1 differentiation. Chro
mosomes are shown in a circular orientation. The numbers and letters above the circle indicate

the chromosomes’ names. Results are expressed as mean = SD (n = 3). *p < 0.05.

% 21 3T3-L1 7L 5 4C-seq 70 M 45 R
Table 21 Summary of metrics in 4C-seq analysis in 3T3-L1

HE M #H &
20 & =Y  HAEALT X = EAE A7 A , &R (Y= ,
AR g AR g AL
o 1 16,592 707 (42.6%) 9,519 (57.4%)
I3 ALHT 2,653 2437(91.9%) 216(8.1%)
2 21,021 8,54 (40.6%) 12,481 (59.4%)
1 496 199 (40.1%) 297 (59.9%
S fE 229 ) 131(57.2%) (59.9%) 98(42.8%)
2 1,173 408 (34.8%) 765 (65.2%)

413 LPL EE£ERBEENSNES ST

NTHEFE LPL HERITE 3T3-L1 40T G T RN ZE R, AR cis e 4t 1
Mb bin Z W EAEAL 5N X0 JE 1) 3T3-L1 HEAT T IR K bt KT
SRR HORE LPL 75 3T3-L1 704k sl e 20 (Bl 7A), R T LPL 7 3T3-L1 /46T a1
HAEN BB EAA R R EER . A, WARRA BN SN FEREUEY, LPLTE
3T3-L1 SMGHT G A 6% 4R (R4 TARAL U35 1 (B 7B) , T B8 ZARTER 2 /4L
G 22 R M EAEAL R, RBA T 3T3-L1 AT S I EARRL U A s 22 . S T B4
W R TP EAE AR, AT T8 DESeq2 70 55 5E 1 3T3-L1 KB & %
SABHAE AL A (Significant differential interaction sites, SDIS) , H: qfH <0.01. fE4>
AR E Y 3T3-L1 4iffafa), %€ $) 2314 4> SDISs (& 7C. D) , LPL [#) SDISs /s AH
HAE AL B R T 40%.
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A B D

Color Key
A
0 1 ——

Undifferention
sig
LPL_sk51_1 \\ -down  .no  .up
A 15 :
LPL_&R&1_2 78 \
(3% 3
LPL_$34£2_2 Y S
g 10
LPL_4r{k2 1 < o a
Differention =
C g5
Gene Total mteractlon S_lgnlflca_ntly filfferent_lal Up in 3T3-L1 | Down in 3T3-L1
sites interaction sites (ratio)
LPL 2884 2314 (80%) 34 (1%) 2280 (79%) 0

10 20

-10 0
log2(Fold change)

Kl 7 LPL 4= 5E R A BAEAL 5 2 57 0 #r

(A) 3T3-L1 04GR LPL ZEP HAR SRR fHEH] cis Gt a4 1 Mb bin Z A EAEAL
ANHGRAT R, OhrEm BRI RE.  (B) 4B E/R T LPL JERAE 3T3-L1 b Je 4t
AR R A EARA GcE: (O XN A E S vl 5 5 0E i BAF AL i 34T 2 57
43HTs (D) LPL FE R 53 2 55 HARAL s B K B kil B o SDIS Y ERIME A 265 log2Fold Change >
1 F1 padj <0.05. LI 4R B AN A (1 BARAL s o

Fig.7 Differential analysis of LPL genome-wide interaction sites

(A) Heatmap of LPL gene interaction clustering before and after 3T3-L1 differentiation. The color code
indicates the degree of correlation (blue, low correlation; red, high correlation). Generate clustering
using the Pearson correlation coefficient of the number of interaction sites per 1 Mb bin in the cis
chromosome; (B) Venn diagram shows the number of common and specific genome wide interaction
sites of LPL gene before and after 3T3-L1 differentiation; (C) Perform differential analysis on the
interaction sites that can be repeatedly identified in two biological replicates; (D) Volcano map of LPL
gene significant differential interaction sites. The thresholds for SDIS in the volcanic map are absolute

log2Fold Change > 1 and padj < 0.05. Red and blue indicate significantly different interaction sites.

4.2 200 kb E A 8] [X1ZTH| s & A EsEE LPL EERIRIA
4.2.1 B S FRIFIE AR T IR

AT % R R LPL SR e a8 T, AR IO 4C-seq 5 OV & %
[¥)/A 3£ ChIP-seq 1 capture Hi-C 33 AR SE & . ik [ AT 4C-seq I HL 5 £ H3K27ac
WE T A, FETFEhi%k % capture Hi-C IR K(E S PO T 5) MLE N LPL FEHEE

I 9T, (RN HERR Q22 R 8 T AN Gt A ) X 4k ASHIE FEAE 0L SR 1) 3T3-L1
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R e H 8 A LPL ZEF VB a1 (B 8A) o ARdmbdynfhid & fEhp 2 (a3
P S R SEE, IREMA R B IR AT R R R IA . BRI 7@ UCSC 2
#H (http://genome-asia.ucsc.edu/) PPl I 7EIE I 3R 7 21 7E 60 FrEHESh A 2 (B 1)
RSy G55 KN, LPL BRI 8 NGNS ot 7 # & A /b —Fh Ry F (3R 22),
FW] T IR RV AE TS PR G 5T = BE RIS

22 VAL TE IG5k IR AR R ZH AR AR AT OR S TG R 20 M

Table 22 The genomic ordinates and conserved element analysis of candidate active enhancers.

gy  EEA BB ERAUE BRI/ RSPt
Lpl-El chr8 69,010,131 69,012,406 2,275 Yes
Lpl-E2 chr8 69,011,606 69,013,880 2,274 Yes
Lpl-E3 chr8 68,848,570 68,850,220 1,650 Yes
Lpl-E4 chr8 68,852,042 68,853,854 1,812 Yes
Lpl-E5 chr8 68,993,260 68,993,620 360 Yes
Lpl-E6 chr8 68,995,080 68,996,030 950 Yes
Lpl-E7 chr8 68,997,380 68,997,818 438 Yes
Lpl-E8 chr8 69,023,005 69,024,883 1,878 Yes

SETTWE AR B, B Tl TE A FRAORSE Y, XSS E AT DR TR 2

ZH T 1) Dy g T AARI00 1091021 SRR A B UCSC 4k PR 4H 30 Y 2R AE 60 R HESh A sk AT

REFICR T (B 8B) , X Ee4s RR B BUE 1S MES s 7 R B IS5 . Al

()&, 3T3-L1 40k LPL B[R] (¥ 78 75 3% 14 38 58 7 #0407 T 200 kb 1 = ] A [X 35

(chr8:68,840,513-69,040,028) . %X IH L7x H H3K27ac Al H3K4mel 418 (&1

s, 5 LPL EFEEZ T RN ZATAE (B 8A) « AWFFMELR| LPL JH3)
T5 3T3-L1 4HHE R 05 200 kb J5 [l 8] [X 355 2 A1 47 76 58 i 560 4 1) ELAE
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K 8 4fi# ChIP-seq FIZH A FAFRICTERE LPL W TEIE 58 .

(A) Fahiked¥% 3T3-L1 w1 LPL (VG VERS 58T o LPL J& Bl i) 3 DR AL X S ML I, & 48 T H3K27ac

() . H3Kdmel CHréa) F1H3K27me3 (&) 5 4C MEAEHE (F) ) ChiP-seq K
W, MZEFA KA LPL-E3. LPL-E4, LPL-E5. LPL-E6. LPL-E7. LPL-El. LPL-E2. LPL-ES;

(B> LPL-El 5 LPL-E2 ¥ £ if k37 98 7 69 f& 57 1% 2> #r . UCSC Z= B 4 o %

(http://genome-asia.ucsc.edu/;GRCm38/mm10) 7R 1 Frde b b B 5 5 14 1 5 1 0 PR < [X 45 ( 22
ki) o AKPRILLEKER 60 FEHESN KRR . LRIl phastCons TG HJ LOD 73
HOR VPG .
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Fig.8 Combining ChIP-seq and Histone modification to annotate LPL genes candidate enhancer.
(A) Manual selection of putative active enhancers of LPL in 3T3-L1. View of a genomic region around
LPL integrating ChIP-seq profiles for H3K27ac (gray) ,H3K4mel (pink) and H3K27me3 (green) with
4C interaction profile (blue) ,from left to right, it is LPL-E3, LPL-E4, LPL-E5, LPL-E6, LPL-E7,
LPL-E1, LPL-E2, and LPL-E8 in sequence; (B) Conservation analysis of putative active enhancers of
LPL-E1 . LPL-E2. UCSC genome browser (http://genome-asia.ucsc.edu/; GRCm38/mm10) shows
conserved regions (black boxes) of putative active enhancers in selected species. Horizontal red bars
indicate conservative elements in 60 vertebrates. Elements conservation is measured as the LOD score

of phastCons elements.
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1 IFBEAT sanger W FERAE (& 9B) o A4 fa 198 £ 175 P3G 5 1 XU Dl R R o 44
5 pRL-TK ki 4% 4L 2 H293T 4 DAvPAL v8 7E 38 5+ v 1 o LPL = 2E4E IR
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PRI AR 2326 FH 1 X0 D't 2 g 08 FH (P 4 A % H293T 4 Al A Ay s it G130,

BRI GHd IR 25 R oR, S EARMEL, LPL-E1 Al LPL-E2 JE/R tH .35 1
Mt RS (P<0.01) , HurEAHT (B19C) o Hrr, LPL-E1 X95% 1.74 fi%,
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Fig.9 Luciferase activity of LPL enhancer reconstruct

(A) pGL3-basic vector digest overnight; (B) LPL promoter fragments sanger sequencing andsequence
alignment analysis results; (C) The relative promoter activity of different LPL enhancer regions
wasevaluated by luciferase reporter assay in 293T cells. The pGL3-promoter was used as a control;
Values are shown as means + s.d. of three independent experiments. * P <0.05, ** P < 0.01, *** P <

0.001.
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(A) pLV hU6-sgRNA hUbC-dCas9-KRAB-T2a-Puro 12 & i BB ARV % (B) #ia LPL
T PRI 5 T 1) sgRNA Oligo 1Bk %552 (C) B[] LPL 7§ PEMG 5 T sgRNA & 8231 /K sanger Wl 7
HoxFgs s (D) MERA B M R A . o, T1: 6.25X 107 TU/mL; T2: 1.25X 1067
TU/mL; T3: 6.25X10°TU/mL; T4: 1.25X10>*TU/mL; T5: 1.25X10*°TU/mL.

Fig.10 dCas9-KRAB system lentiviral packaging of the LPL activity enhancer

(A) pLV hU6-sgRNA hUbC-dCas9-KRAB-T2a-Puro vector digest overnight; (B) Annealing forsgRNA
oligos. (C) LPL sgRNA oligos constructs sanger sequencing and sequence alignment analysisresults; (D)
Determine the concentration titer of each lentivirus. T1: 6.25X 107 TU/mL; T2: 1.25X 107 TU/mL;

T3: 6.25X 107 TU/mL; T4: 1.25X 10> TU/mL; T5: 1.25X 10*° TU/mL.
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Fig.11 3T3-L1 infection with lentivirus
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(A)Analysis of LPL gene expression levels in 3T3-L1 cells stably transduced after 7 days of
differentiation; (B) Lentivirus interferes with enhancer activity and reduces 3T3-L1 fat deposition
capacity; (C) Determination of triglyceride content in cells after 14 days of differentiation.
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Table 23 Summary of sequencing data

Sample ReadSum BaseSum (G) Q30 (%)
3T3-L1 enhl 1 91,549,552 13.73 92.08
3T3-L1 enhl 2 81,517,868 12.23 92.22
3T3-L1 enh2 1 83,472,006 12.52 92.39
3T3-L1 enh2 2 115,378,822 17.31 92.17
3T3-L1 empty 1 208,492,456 31.27 94.62
3T3-L1 empty 2 201,087,782 30.16 94.4

R 24 AN[F] 2 LA A ) 22 R R IA K B TR
Table 24 Differentially expressed genes (DEGs) between different types of cell

ZE SRR NHH

DEG Up-regulated =~ Down-regulated
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A E
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S 0 LCT”3 LB p.adjust induced thermogenesis
a L [ ] neutral lipid metabolic process
L a3 0.001 () acylglycerol metabolic process
10 4 ] ‘E 0.002 ® positive regulation of cold-
LB ?E271 0.003 induced thermogenesis
i triglyceride metabolic process
-20 0 20 ® positive regulation of cholesterol efflux
PCA1, 50.04% variation
(] neutral lipid catabolic process
B c ] acylglycerol catabolic process
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CRISPRi-Enh2 BL & CRISPRi-Control 4/l il £+ i 2 K R 75 /K1 (z-score) HIFAKL;  (ED
CRISPRi-Enhl 5 CRISPRi-Enh2 4fi i i ff] DEGs F DR & £ 247
Fig.12. Transcriptome effects of CRISPR interference with LPL enhancer on lipogenic
differentiation of 3T3-L1 cell lines
(A) PCA principal component analysis diagram; (B) LPL relative expression level (TPM) chart; (C)
Differential gene volcano map; (D) Heat maps of CRISPRi-Enh1, CRISPRi-Enh2 and CRISPRi-Control
adipose-synthesis gene expression levels (z-score) in cells; (E) Functional enrichment analysis of

down-regulated DEGs in CRISPRi-Enhl and CRISPRi-Enh2 cells.
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Fig.13 TFs increase LPL enhancer activity

(A) TF binding to the LPL-E1, LPL-E2 were predicted by JASPAR and AnimalTFDB3.0 website; (B)
Public differential and undifferential 3T3-L1 cell line ChIP-seq data were analyzed to show profiles of
transcription factors in the LPL-E1 and LPL-E2 region. Light red bars indicate LPL active enhancer
regions; (C) Amplify the PPARG and RXRA CDS regions; D) pEGFP-N1 vector digest overnight; (E)
pGL3-SV40 reporter constructs containing the LPL-E1 and LPL-E2 region were transfected into 293T
cells with control or TF overexpression, then luciferase activity was determined. Values are shown as

means =+ s.d. of three independent experiments. * P < 0.05, ** P <0.01, ***P < 0.001.
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