
      
	

                                                                                                                                                                              1 

	

Supplemental Material  

 
Functional screening of candidate causal genes for insulin resistance in 
human preadipocytes and adipocytes 

 

 

Zhifen Chen, PhD 1, 2, Haojie Yu, PhD 1, 2, Xu Shi, PhD 1, Curtis R. Warren, PhD 3, 
Luca A. Lotta, MD, PhD 4, Max Friesen, PhD 1, 2, Torsten B. Meissner, PhD 1, 2,  

Claudia Langenberg, MD, PhD4, Martin Wabitsch, MD, PhD 5, Nick Wareham, MD, 
PhD 3, Mark D. Benson, MD 1, Rob E. Gerszten, MD 1, Chad A. Cowan, PhD 1, 2, * 

 

 
1  Cardiovascular institute, Beth Israel Deaconess Medical Center, Harvard Medical 
School, Boston,  MA 02115, USA; 2  Harvard Stem Cell Institute, Harvard University, 
Cambridge, MA 02138, USA; 3 Cardiometabolic Disease Research, Boehringer-
Ingelheim Pharmaceuticals Inc., Ridgefield, CT 06877, USA; 4  MRC Epidemiology 
Unit, University of Cambridge School of Clinical Medicine, Cambridge CB2 0SL, UK; 5 

Department of Paediatrics and Adolescent Medicine, Ulm University Hospital, Ulm 
89075, Germany.  

 

 

* Address for Correspondence: 

Chad A. Cowan, PhD 

Assistant Professor  

Division of Cardiology  

Beth Israel Deaconess Medical Center  

CLS 917D, 3 Blackfan Circle, Boston MA 02115 

Email: ccowan@bidmc.harvard.edu 

 

 

This file includes: 

Online Supplemental Methods 

References 

Online Figure I to VII 

Online Table I to VII 

 

 



      
	

                                                                                                                                                                              2 

	

Online Supplemental Methods 

SGBS cell culture, adipogenic differentiation and cell treatment   

SGBS preadipocytes were obtained as a gift from Dr. Martin Wabitsch’s lab, and grown in OF 

medium (DMEMF12 supplemented with 10% FBS, 33um biotin, 17um panthotenat and 1% 

Penicillin/Streptomycin)1, 2. The preadipocytes were differentiated into adipocytes using Quick-

Diff medium (OF medium supplemented with 0.01mg/ml transferrin, 20 nm insulin, 100nm 

cortisol, 0.2nm T3, 25nm dexamethasone, 250um IBMX and 2um rosiglitazone) for the first 

three days, followed by maintenance medium (OF medium with 0.01mg/ml transferrin, 20nm 

insulin, 100nm cortisol and 0.2nm T3) for 12-20 days. Maintenance medium was exchanged 

every three days 1, 2.  

Lentivirus generation and CRISPR/Cas9-based targeting of SGBS preadipocytes  

To construct sgRNA lentiviral plasmids, sgRNAs were designed using the on-line tool at 

http://crispr.mit.edu/ and two oligonucleotides, 5’-CACCG-sgRNA sequence-3’ and 5’-CAAA-

(reverse compliment of sgRNA)-C-3’ were synthesized. Oligonucleotides were annealed and 

ligated into LentiGuidePuro (Addgene #52963) plasmid after BsmBI digestion (Online Table 

II). Three sgRNAs were designed for each gene and the oligonucleotides were synthesized at 

Eurofins Scientific. The Cas9 lentiviral plasmid (lentiCas9-Blast) was purchased at Addgene 

(#52962). Cas9- and sgRNA-encoding lentivirus were packaged with the second-generation 

lentivirus system. A Cas9-expressing SGBS-preadipocytes cell line (SGBS-Cas9) was 

generated by transducing the cells with the lentiCas9-Blast lentivirus followed by 5ug/ml of 

blasticidin selection three days after transduction. Individual IR-genes were targeted by 

transduction of SGBS-Cas9 preadipocytes with the corresponding three sgRNA lentiviral 

particles. Three-day post infection, 3ug/ml puromycin was applied for four days to select for 

sgRNA-expressing cells.    

Polymerase chain reaction (PCR), reverse transcription PCR, quantitative real-time PCR 

and next generation sequencing 
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Total mRNA was isolated from SGBS pre- and adipocytes using the trizol protocol (Life 

Technologies) and 1μg was used for reverse transcription of cDNA using the MaximaTh H 

Minus cDNA Synthesis Master Mix (Thermo Scientific, #FERM1662). Gene expression was 

quantified by qRT-PCR using 1μl of the reverse transcription reaction and the Fast SYBR™ 

Green Master Mix (Thermo Scientific, #4385614). Primer sequences are provided in Online 

Table III. Genomic DNA of each knockout SGBS line was isolated by DNeasy Blood & Tissue 

Kit (QIAGEN, #69506). The genomic region of the targeted sites was amplified by PCR of 

isolated genomic DNA. Amplicons were 200-280 base pairs in length including the target-

specific PCR primers (Online Table IV). The sites of interest (i.e. CRISPR cut site) are located 

within the first 100 base pairs from either the 5'-end or the 3'-end of the amplicon. The 

CRISPR/Cas9 targeting efficiency was calculated, using the results from pooled next 

generation sequencing (NGS) of the target-specific amplicons. For the pooled NGS, amplicons 

from each knockout cell line were barcoded prior to pooling.  

Immunofluorescence and high content imaging 

For immunofluorescence analyses, SGBS adipocytes were fixed with ice-cold methanol at -

20°C for 15 min, and immunolabeled using the primary antibody for cEBPα (1:200, Abcam, 

#ab40761). Donkey anti-Rabbit Alexa Fluor 488 (1:1000, Life Technologies, #A10040) was 

used as the secondary antibody. LipidTox Red (1:1000, Life Technologies, #H34476) was 

applied to stain the lipid droplets. Nuclear DNA was stained by DAPI (1:500, Life Technologies, 

#62248). The secondary antibody only control was employed to validate its specificity and 

eliminate the background signal. Images were captured using a high content imaging system 

(Thermo Fisher Arrayscan XTi). The ratio of cEBPα/DAPI was quantified using an ArrayScan 

high-content analysis software (ThermoFisher scientific).  

Lipid extraction and triglycerides measurement 

SGBS adipocytes were washed twice with PBS and detached by scraping. A 

chloroform:methanol (2:1; v/v) mixture was used to extract lipid from the adipocytes, and 

evaporated to dry overnight in a fume hood. The dried lipid was suspended in 100 μL of 1% 
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TritonX100 in absolute ethanol for 1 hour with constant rotation. This was then dried in a 

speedvac for 30 minutes and suspended in 100 μL PBS with 1% Triton. 3 μL of the suspension 

was used to measure the lipid levels. Triglyceride was quantified using Infinity Triglycerides 

Solution (VWR, #46100-346). 

Lipolysis 

To assist the induction of lipolysis, SGBS adipocytes were starved in serum-free DMEM (with 

0.2% BSA) overnight to clear residual insulin and lipid in the differentiation medium. Lipolysis 

was induced by KRPH buffer (Life Technologies) supplemented with 10 M forskolin for 4 

hours. Glycerol accumulated in the KRPH buffer was measured using the Free Glycerol 

Reagent (Sigma, #F6428).  

Western blot 

Adipocytes were harvested in Cell Lysis Buffer (Cell Signaling, #9803) supplemented with 

Halt™ Protease and Phosphatase Inhibitor Cocktail (Thermo, #78440). The cell lysates of 

SGBS adipocytes were subjected to gel electrophoresis under heat denaturing conditions, 

using NuPAGE® Novex® 4-12% Bis-Tris Protein Gels (Life Technologies, #NP0323BOX) 

Primary antibodies for FST (Abcam, #ab157471), PEPD (Thermo, #OTI1B7), PDGFC (Abcam, 

#ab93899), MAP3K1 (Abcam, #ab212601), PPARG (Cell Signaling, #2443), ARL15 (Abcam, 

#ab178425) and HSP 90 (Santa Cruz Biotechnology, # sc-13119) were used to detect the 

protein expression in SCR and KO-adipocytes. Primary antibodies for phospho-AKT2 

(Ser474), total AKT2 and β-actin were purchased from Cell Signaling (#8599 and #5239) and 

Sigma-Aldrich (#A5316), respectively. Anti-rabbit or mouse IgG, HRP-linked Antibody (1: 

2000, R&D system, #HAF008 and #HAF018) was used as secondary antibodies for the 

corresponding species. The ratio of phospho-AKT2 (Ser474) to total AKT was quantified by 

analyzing the western blots using the NIH ImageJ software and data was normalized to β-actin 

level. All experiments were performed at least three times and the representative results were 

presented.  

Phospho-AKT2 (Ser474) ELISA 
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Adipocyte lysate was harvested as above and used for measurement of p-AKT2 (Ser474) and 

total protein. Phosphorylation of AKT2 (Ser474) was measured by Pathscan® phospho-akt2 

(ser474) sandwich ELISA kit (Cell Signaling, #7048) according to the manufacturer’s protocol.  

LC-MS/MS-based 2-DeoxyGlucose-6-Phosphate detection  

To measure the insulin induction of glucose uptake in SGBS adipocytes, cells were starved for 

24 hours in glucose- and insulin-free 3FC medium to clear residual insulin and glucose. After 

starvation, cells were treated with 200 μm 2-DG with or without insulin (10nm) for 30 minutes. 

To extract metabolites from the treated adipocytes for 2-DG-phospate (2-DG-6P) 

quantification, the cells were lysed by adding precooled 80% methanol in -80 °C for 15 minutes. 

Cell were then scraped off the plates and thoroughly lysed by vortexing and trituration. We 

excluded the cell debris from the lysate by centrifugation and the supernatant was dried by a 

speedVac. For the detection of 2-DG-6P, dried samples were suspended with 60 μl of 

acetonitrile / methanol (75:25; v:v) containing 25 μM of deuterated phenylalanine-d8 (Phe-d8, 

Cambridge Isotope Laboratories) as the internal standard. The suspension was transferred 

into the 250 μl insert vial (Microsolv Technology) and 20 μl of the sample was loaded onto the 

HILIC column (Atalantis HILIC 100A, 3um, 2.1mm X 150mm, Waters) using the HTS PAL auto-

sampler (LEAP Technologies). Phe-d8 and 2-DG-6P were detected by the HPLC-coupled 

4000 Q-TRAP mass spectrometry in MRM-based assay in negative mode. The MRM transition 

of Phe-d8 was 172.2 to 154 with the DP=-50 V, CE=-20V, CXP=-15V, and EP=-10V. Two 

different MRM transitions of 2DG-6P were applied, firstly, 243 to 78.9 with the DP=-70V, CE=-

60V, CXP=-5V and EP=-10V, and secondly 243 to 96.8 with the DP=-70V, CE=-30V, CXP=-

5V and EP=-10V. The source parameters were as follows: curtain gas (20psi), collision gas 

(4psi), Ionspray voltage (-4500V), temperature (450°C), Ion source gas 1 and 2 (40psi and 

50psi, respectively) and the interface heater on. The detected peaks of compounds were 

integrated using MultiQuant 3.0.3 software (ABSciex) for the quantification.  

Sanger sequencing based-off-target analysis  
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Potential off-target sites were predicted for the sgRNAs targeting FST, PEPD, and PDGFC 

using the publically accessible web tool, CCTop (Online Table V) 3. The predicted off-target 

sites with less than four base-pair mismatches were amplified for off-target analysis. Forward 

and reverse primers were designed ~150 base pairs upstream and downstream to the 

predicted site. These loci were amplified from the genomic DNA of SCR and KO-adipocytes 

and genotyped by Sanger sequencing (Online Table VI). Genome editing events were 

evaluated by the comparison between the sequence of the predicted site in SCR and KO 

adipocytes (Online Figure VI).  

MRNA transfection  

We used the mRNA Synthesis Kit (System Biosciences, # MR-KIT-1) to construct the 

transcription template plasmids encoding FST, PEPD and PDGFC. We produced the 

corresponding transcripts using in vitro transcription following the manufacturer’s manual. 

Briefly, open reading frames (ORF) of FST, PEPD and PDGFC were amplified from 

Dharmacon plasmids, # MHS6278-202829884, # OHS6085-213573836 and # MHS1010-

202700476 respectively. Restriction enzyme sites (EcoRI at the 5’ end and BamHI at the 3’ 

end) were appended using PCR (Online Table VII). The three ORFs were cloned individually 

into the multiple cloning site (MCS) of pMRNAXP mRNA Synthesis Vector (System 

Biosciences, # MR000PA-1). The ORFs were cloned into the expression vector using T4 DNA 

Ligase (NEB, # M0202S). The expression vectors were used as templates for in vitro 

transcription of the mRNA by T7 RNA Polymerase Mix in the mRNA synthesis kit, following 

the manufacturer’s protocols. The FST, PEPD and PDGFC transcripts were delivered into 

preadipocytes and adipocytes (0.5ug per well of a 24-well plate) by RNAfection (System 

Biosciences, # MR750A-1). 

Reference 

1.  Wabitsch M, Brenner RE, Melzner I, Braun M, Möller P, Heinze E, Debatin KM, 

Hauner H. Characterization of a human preadipocyte cell strain with high capacity for 

adipose differentiation. Int J Obes. 2001;25:8–15.  
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Online Figure I. Evaluation of the IR-gene expression patterns during SGBS

preadipocyte differentiation. RT-qPCR was used to analyze mRNA levels at differentiation

day 0, 4, 8, 12, 16 and 20. Results were normalized to RPLP0 mRNA, expression fold

change was compared to day 0 and data are presented as line chart, mean ± SD, n=3 (*, p <

0.05; **, p < 0.01).
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Online Figure II. Knockout efficiency quantified by next generation sequencing (NGS) of the

target sites in KO SGBS lines. The square chart for corresponding KO SGBS line displays

percentage and size distribution of non-homologous end joining (NHEJ) generated by the three

sgRNA targeting system, the size distribution indicated on the x-axis (minus as deletion, plus as

insertion and zero as unedited or substitution). Indels are shown in blue and unedited sites or

substitutions are shown in red. The total percentage of the three types of NHEJ including insertions,

deletions and substitutions is presented in main Figure 1B. Total sequence reads per sample

=150,000 – 300,000.



Online Figure III. Evaluation of gene knockout efficiency at the mRNA level. RT-qPCR was

used to analyze mRNA levels of each gene in corresponding KO-adipocytes. Results were

normalized to RPLP0 mRNA. Expression fold change was compared to the gene level in SCR

adipocytes and data are presented as bar graph, mean ± SD, n=3 (*, p < 0.05; **, p < 0.01).

Online Figure III

Online Figure IV
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Online Figure IV. Optimization of the condition for insulin treatment. For this purpose, we

used the level of AKT2 (Ser474) phosphorylation (p-AKT2) as an indicator. To minimize the

basal pAKT2 level, 0, 4, 24 and 48 hours of starvation time were tested. For each starvation time

point, we evaluated the levels of phosphor-AKT2 (Ser474), total AKT2 and β-actin of SGBS

preadipocyte after the treatment of 0, 10, 100 and 1000nm insulin (Ins). The line charts display

the ratio of phospho-AKT2 (Ser474) to total AKT2 and the ratio was normalized to the β-actin

level of the same sample.
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Online Figure V. The effect of the 10 IR lead SNP

genotypes on the expression of putative effector

genes by eQTL studies in human subcutaneous

adipose tissue. The chromosome number, SNP ID,

reference and variant alleles, and human genome

reference builds GRCh37/b37 (b37) are indicated

under the gene name. The sample size is specified

under the corresponding genotype. Data was

extracted by the online tool, GTEx V7 eQTL

Calculator. The detailed data and statistics are

described in Online Table I.

Online Figure V
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CA C T T T G G G C

100

T T C T C C T G T T

110

G C T C C CA A G A

120

T C A A G A C C C T

130

A T T T G A A C A G

140

C A T C C C T A T C

150

C

C C T T A C C T C T

60

A A T G G T T A A T

70

T G C CA T G A T C

80

T G G G C T T G G C

90

CA C T T T G G G C

100

T T C T C C T G T T

110

G C T C C CA A G A

120

T C A A G A C C C T

130

A T T T G A A C A G

140

C A T C C C T A T C

150

C

TGGTTGAGGCTATATTCCCTCTTCTGGCTTCACCTGATGACAAGGGAAGGCTTCTCGTTCCT

N N T T T N N N

20

A C T G T C CC T T

30

T T C T G G T T G A

40

G GC T A T A T T C

50

C C T C T T C T G G

60

C T T CA C C T G A

70

T G AC A A G G G A

80

A G G C T T C T C G

90

T T C C T CA G A A

100

A T T T A G A T A G

110

A T

N N T T T N N N

20

A C T G T C CC T T

30

T T C T G G T T G A

40

G GC T A T A T T C

50

C C T C T T C T G G

60

C T T CA C C T G A

70

T G AC A A G G G A

80

A G G C T T C T C G

90

T T C C T CA G A A

100

A T T T A G A T A G

110

A T

N N C T T

20

T NA T T C T G T C

30

CC T T T TC T G G

40

T TG AG G C TA T

50

A T T C C C T C T T

60

C T G G C T T CA C

70

C T G A T G AC A A

80

G G G A A G G C T T

90

C T C G T T C C T C

100

A G A A A T T T A G

110

A T A G A T T A A T

N N C T T

20

T NA T T C T G T C

30

CC T T T TC T G G

40

T TG AG G C TA T

50

A T T C C C T C T T

60

C T G G C T T CA C

70

C T G A T G AC A A

80

G G G A A G G C T T

90

C T C G T T C C T C

100

A G A A A T T T A G

110

A T A G A T T A A T

TCTCTGTAGGAAGCACACTCACCTGGAGAAGCCCTAAGAGGCCTTGGGGGTGGGCCCA

TC C C T C

30

T C T G AAG T C T

40

G G G G G AG G G T

50

C T C T G T A G G A

60

A G C AC A C T C A

70

C C T G G A G A A G

80

C C C T A A G A G G

90

C C T T G G G G G T

100

G G G C C C A G G C

110

T C T C T G T A C C

120

C T G C T

TC C C T C

30

T C T G AAG T C T

40

G G G G G AG G G T

50

C T C T G T A G G A

60

A G C AC A C T C A

70

C C T G G A G A A G

80

C C C T A A G A G G

90

C C T T G G G G G T

100

G G G C C C A G G C

110

T C T C T G T A C C

120

C T G C T

CAC C

30

T C T C T G AA G T

40

C T G G G G G AG G

50

G T C T C T G T A G

60

G A A G C AC A C T

70

C A C C T G G A G A

80

A G C C C T A A G A

90

G G C C T T G G G G

100

G T G G G C C CA G

110

G C T C T C T G T A

120

C C C T G C T C

CAC C

30

T C T C T G AA G T

40

C T G G G G G AG G

50

G T C T C T G T A G

60

G A A G C AC A C T

70

C A C C T G G A G A

80

A G C C C T A A G A

90

G G C C T T G G G G

100

G T G G G C C CA G

110

G C T C T C T G T A

120

C C C T G C T C

CCTGTTCCAACGGGGCTGGCTCCGTGGCCGGCCACACACTGGGGCGCGAGCCTCTGCTG

G T

70

A C T G A A G AC T

80

G G A G C C T G T T

90

C CA A C G G G G C

100

T G G C T C C G T G

110

G C C G G C C A C A

120

C A C T G G G G C G

130

C G A G C C T C T G

140

C T G C C C T C T G

150

T G T T G C C C A T

160

G T C T T C C T

G T

70

A C T G A A G AC T

80

G G A G C C T G T T

90

C CA A C G G G G C

100

T G G C T C C G T G

110

G C C G G C C A C A

120

C A C T G G G G C G

130

C G A G C C T C T G

140

C T G C C C T C T G

150

T G T T G C C C A T

160

G T C T T C C T

G T A C T G A

70

A G AC T G G A G C

80

C T G T T C CA A C

90

G G G G C T G G C T

100

C C G T G G C C G G

110

C C A C A C A C T G

120

G G G C G C G A G C

130

C T C T G C T G C C

140

C T C T G T G T T G

150

C C C A T G T C T T

160

C C T

G T A C T G A

70

A G AC T G G A G C

80

C T G T T C CA A C

90

G G G G C T G G C T

100

C C G T G G C C G G

110

C C A C A C A C T G

120

G G G C G C G A G C

130

C T C T G C T G C C

140

C T C T G T G T T G

150

C C C A T G T C T T

160

C C T

USP43 (-)

SCN1A (I)

Metazoa_SRP (I)

CDH4 (I)

SCR

PDGFC-KO

Ref Seq
Sg38-off-1PAM

Sg38-off-2PAM

SCR

PDGFC-KO

Ref Seq

Sg38-off-3 PAM

SCR

PDGFC-KO

Ref Seq

SCR

PDGFC-KO

Ref Seq

Sg39-off-1PAM

AAGGCCACTTGACTCCTGGGCCCTGACTCTGGCAGGCCATGGCCACGTCTTCCCCATGAGCT

T C C C T A T

60

C T G C G G G T G G

70

A G AT G A A G G C

80

C A C T T G A C T C

90

C T G G G C C C T G

100

A C T C T G G C A G

110

G C C A T G G C C A

120

C G T C T T C C C C

130

A T G A G C T G G G

140

C A G G T A G G A A

150

T G A

T C C C T A T

60

C T G C G G G T G G

70

A G AT G A A G G C

80

C A C T T G A C T C

90

C T G G G C C C T G

100

A C T C T G G C A G

110

G C C A T G G C C A

120

C G T C T T C C C C

130

A T G A G C T G G G

140

C A G G T A G G A A

150

T G A

C C T T

50

C C C T A T C T G C

60

G G G T G G A G AT

70

G A A G G C C A C T

80

T G A C T C C T G G

90

G C C C T G A C T C

100

T G G C A G G C CA

110

T G G C CA C G T C

120

T T C C C C A T G A

130

G C T G G G C A G G

140

T A G G A A T

C C T T

50

C C C T A T C T G C

60

G G G T G G A G AT

70

G A A G G C C A C T

80

T G A C T C C T G G

90

G C C C T G A C T C

100

T G G C A G G C CA

110

T G G C CA C G T C

120

T T C C C C A T G A

130

G C T G G G C A G G

140

T A G G A A T

AAGTGAAACCCCTGCAAATGGCCCTGTGTCTGGCAGGCCAGGGCCTCGTTATCCTGGATGGG

G C

20

T T C T C CC T G G

30

CA G G AC G G AA

40

G A AA G T G A A A

50

C C C C T G C A A A

60

T G G C C C T G T G

70

T C T G G C A G G C

80

CA G G G C C T C G

90

T T A T C C T G G A

100

T G G G G G C C T C

110

C C T C C G C T C

G C

20

T T C T C CC T G G

30

CA G G AC G G AA

40

G A AA G T G A A A

50

C C C C T G C A A A

60

T G G C C C T G T G

70

T C T G G C A G G C

80

CA G G G C C T C G

90

T T A T C C T G G A

100

T G G G G G C C T C

110

C C T C C G C T C

G G C T

20

T C T C CC T G G C

30

A G G AC G G A A G

40

A A A G T G A A AC

50

C C C T G C A A A T

60

G G C C C T G T G T

70

C T G G C A G G C C

80

A G G G C C T C G T

90

T A T C C T G G A T

100

G G G G G C C T C C

110

C T C C G C T

G G C T

20

T C T C CC T G G C

30

A G G AC G G A A G

40

A A A G T G A A AC

50

C C C T G C A A A T

60

G G C C C T G T G T

70

C T G G C A G G C C

80

A G G G C C T C G T

90

T A T C C T G G A T

100

G G G G G C C T C C

110

C T C C G C T

AGAAATGCCAGCCCCTCCCCGCGGCACCTGCAGGGCTCCAGGTCTCCCAGCCCTTAGGCCT

CA N G A N C C T G

50

G C A G A T T G CA

60

A A G A A A T G C C

70

A G C C C C T C C C

80

C G C G G C A C C T

90

G C A G G G C T C C

100

A G G T C T C C C A

110

G C C C T T A G G C

120

C T A C A T C A G C

130

T C C C A C C A C C

140

C

CA N G A N C C T G

50

G C A G A T T G CA

60

A A G A A A T G C C

70

A G C C C C T C C C

80

C G C G G C A C C T

90

G C A G G G C T C C

100

A G G T C T C C C A

110

G C C C T T A G G C

120

C T A C A T C A G C

130

T C C C A C C A C C

140

C

AC T C A G C A G C C

50

T G G C A G A T T G

60

C A G A G A A A T G

70

C C A G C C C C T C

80

C C C G C G G C A C

90

C T G C A G G G C T

100

C CA G G T C T C C

110

CA G C C C T T A G

120

G C C T A C A T C A

130

G C T C C C A C C A

140

C

AC T C A G C A G C C

50

T G G C A G A T T G

60

C A G A G A A A T G

70

C C A G C C C C T C

80

C C C G C G G C A C

90

C T G C A G G G C T

100

C CA G G T C T C C

110

CA G C C C T T A G

120

G C C T A C A T C A

130

G C T C C C A C C A

140

C

TTCAAGGCAAAGAGCGCCAGTGGCACCTTCAGGGTTTCCTTCCCCAGCCAAAACGAGGGTC
C A

40

G C C G C T CA C A

50

C C G G C G C T G C

60

C G G T T CA A G G

70

C A A A G A G C G C

80

C A G T G G C A C C

90

T T C A G G G T T T

100

C C T T C C C C A G

110

C C A A A A C G A G

120

G G T C C A G T G G

130

C C G C C G C C C

C A

40

G C C G C T CA C A

50

C C G G C G C T G C

60

C G G T T CA A G G

70

C A A A G A G C G C

80

C A G T G G C A C C

90

T T C A G G G T T T

100

C C T T C C C C A G

110

C C A A A A C G A G

120

G G T C C A G T G G

130

C C G C C G C C C

G C C G C T C

50

A CA C C G G C G C

60

T G C C G G T T CA

70

A G G C A A A G A G

80

C G C C A G T G G C

90

A C C T T C A G G G

100

T T T C C T T C C C

110

C A G C C A A A A C

120

G A G G G T C C A G

130

T G G C C G C C G C

140

C C

G C C G C T C

50

A CA C C G G C G C

60

T G C C G G T T CA

70

A G G C A A A G A G

80

C G C C A G T G G C

90

A C C T T C A G G G

100

T T T C C T T C C C

110

C A G C C A A A A C

120

G A G G G T C C A G

130

T G G C C G C C G C

140

C C

PTPRF (I)

CTA-223H9.9 (-)

PRR5 (I)

CTD-2033D24.2 (E)

SCR

PDGFC-KO

Ref Seq

Sg39-off-2 PAM

Sg39-off-3 PAM

SCR

PDGFC-KO

Ref Seq

Sg41-off-1PAM

SCR

PEPD-KO

Ref Seq

Sg41-off-2PAM

SCR

PEPD-KO

Ref Seq

TTCAGGAAGCCATACCTGGGAGAGAGCTACTGCACGGACACAGGCCAACTCTATCTAGAAA
G A G G C T GT G T

70

G GT T C T T C A G

80

G A A G C CA T A C

90

C T G G G A AA AA

100

G C T A C T G C A C

110

G G A C A C A G G C

120

CA A C T C T A T C

130

T A G A A A T C T C

140

A G T G G A G C A A

150

G T T T C A A A A A

160

G A C T C

G A G G C T GT G T

70

G GT T C T T C A G

80

G A A G C CA T A C

90

C T G G G A AA AA

100

G C T A C T G C A C

110

G G A C A C A G G C

120

CA A C T C T A T C

130

T A G A A A T C T C

140

A G T G G A G C A A

150

G T T T C A A A A A

160

G A C T C

A C C C T G

70

A G G C T G T G T G

80

G T T C T T C A G G

90

A A G C C A T A C C

100

T G G G A G A G A G

110

C T A C T G C A C G

120

G A C A C A G G C C

130

A A C T C T A T C T

140

A G A A A T C T C A

150

G T G G A G C A A G

160

T T T C A A

A C C C T G

70

A G G C T G T G T G

80

G T T C T T C A G G

90

A A G C C A T A C C

100

T G G G A G A G A G

110

C T A C T G C A C G

120

G A C A C A G G C C

130

A A C T C T A T C T

140

A G A A A T C T C A

150

G T G G A G C A A G

160

T T T C A A

CTGGCGGAAGAGGACCCCGGTGTAGGTGCAGTAGCGCTGAGTCTCCTCTTAGCCCTGCAG

N N

10

N C N C N NG A N A

20

G G AC T C C T G G

30

C G G AAG AG G A

40

C C C C G G T G T A

50

G G T G C A G T A G

60

C G C T G AG T C T

70

C C T C T T A G C C

80

C T G C A G G A C C

90

A C T A C T G A G C

100

C G G C C T G

N N

10

N C N C N NG A N A

20

G G AC T C C T G G

30

C G G AAG AG G A

40

C C C C G G T G T A

50

G G T G C A G T A G

60

C G C T G AG T C T

70

C C T C T T A G C C

80

C T G C A G G A C C

90

A C T A C T G A G C

100

C G G C C T G

N N NNN CNN

20

N G NN A G AN G G

30

AC T C C T G G C G

40

G AA G A G G AC C

50

C C G G T G T A G G

60

T G C A G T A G C G

70

C T G A G T C T C C

80

T C T T A G C C C T

90

G C A G G A C C A C

100

T A C T G A G C C G

110

G C

N N NNN CNN

20

N G NN A G AN G G

30

AC T C C T G G C G

40

G AA G A G G AC C

50

C C G G T G T A G G

60

T G C A G T A G C G

70

C T G A G T C T C C

80

T C T T A G C C C T

90

G C A G G A C C A C

100

T A C T G A G C C G

110

G C

TGTGCCCAGCAGCTGTGCAGGCAGCATTTCTGCACCGACACTGGGCATCTCCAGTCTCTGT

T G C C C

40

C A A T G T G GGG

50

T T T G T C C T G T

60

G C C CA G C A G C

70

T G T G C A G G C A

80

G C A T T T C T G C

90

A C C G A C A C T G

100

G G C A T C T C C A

110

G T C T C T G T C C

120

C T G G C C C C T G

130

C C A G C

T G C C C

40

C A A T G T G GGG

50

T T T G T C C T G T

60

G C C CA G C A G C

70

T G T G C A G G C A

80

G C A T T T C T G C

90

A C C G A C A C T G

100

G G C A T C T C C A

110

G T C T C T G T C C

120

C T G G C C C C T G

130

C C A G C

G C C C CA A T G T

50

G G G T T T G T C C

60

T G T G C C CA G C

70

A G C T G T G C A G

80

G C A G C A T T T C

90

T G C A C C G A C A

100

C T G G G C A T C T

110

C C A G T C T C T G

120

T C C C T G G C C C

130

C T G C C A G C T G

G C C C CA A T G T

50

G G G T T T G T C C

60

T G T G C C CA G C

70

A G C T G T G C A G

80

G C A G C A T T T C

90

T G C A C C G A C A

100

C T G G G C A T C T

110

C C A G T C T C T G

120

T C C C T G G C C C

130

C T G C C A G C T G

TTYH2 (I)

CTD-2033D24.2 (E)

OFD1P3Y (-)

Sg42-off-1 PAM

SCR

PEPD-KO

Ref Seq

SCR

PEPD-KO

Ref Seq

Sg42-off-2PAM

Sg42-off-3 PAM

SCR

PEPD-KO

Ref Seq

Online Figure VI. Sequencing chromatograms

of predicted off-targets sites in SCR and SGBS-

KO adipocytes. The reference sequence (Ref

Seq, 5’-3’) was extracted from hg38. Predicted off-

target site positon is indicated with gene name (E =

exonic; I = intronic; - = intergenic). Predicted off-

target site for corresponding sgRNA shown in the

grey box under the Ref Seq.

Online Figure VI



Online Figure VII. GFP transcript expression in preadipocytes and adipocytes.

Representative bright field (BF) and fluorescence images of GFP-expressing preadipocytes

and adipocytes.

A

B

Online Figure VII

Preadipocytes-BFPreadipocytes-GFP

25um

Preadipocytes-Merge
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25um
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Online Table I



Online Table II: SgRNA sequences and primers for sgRNA plasmid cloning.

Online Table  II



Online Table IV: Primers for PCR of targeted genomic site.

Online Table III: Primers for qRT-PCR.

Online Table  III

Online Table  IV



Online Table V

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr5:53483023-53483045 + 0 AAGTGGATGATTTTCAACGG GGG E FST  (on-target)

chrX:115338062-115338084 + 2 AACTGGATGATTTTCAAGGG TGG - LUZP4

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr5:53482977-53482999 + 0 GAGCACCTCGTGGACCGAGG AGG E FST  (on-target)

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr5:53482896-53482918 - 0 AGCGGCCGTTCTTCGCTTGA CGG E FST  (on-target)

chr6:1384949-1384971 + 3 TGAGGCCGGTCTTCGCTTGA GGG E RP4-668J24.2

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr4:156970811-156970833 + 0 CTGGAATTTACTACTCAGGT TGG E PDGFC  (on-

target)chr21:45784281-45784303 - 3 CAGGAATTTTCTACACAGGT AGG I PCBP3

chr18:41841371-41841393 - 3 CTGAAATTTAGTACACAGGT AGG - AC011225.1

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr4:156970876-156970898 + 0 TCAGCAGGAGAAGCCCGAAG AGG E PDGFC  (on-

target)chr17:9735253-9735275 - 3 GCAACAGGAGAAGCCCAAAG TGG - USP43

chr2:165988057-165988079 - 3 TCATCAGGTGAAGCCAGAAG AGG I SCN1A

chr2:47056412-47056434 + 3 TCACCTGGAGAAGCCCTAAG AGG I Metazoa_SRP

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr4:156970847-156970869 + 0 CCCCTGTCTCTGGCCGGCCA GGG E PDGFC (on-

target)chr20:61504203-61504225 - 3 CCCCAGTGTGTGGCCGGCC

A

CGG I CDH4

chr1:43567087-43567109 + 3 GCCCTGACTCTGGCAGGCCA TGG I PTPRF

chr22:41431849-41431871 + 3 GCCCTGTGTCTGGCAGGCCA GGG - CTA-223H9.9

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr19:33512655-33512677 - 0 TGTGCAGGCCGGCTCCATCG TGG E PEPD  (on-target)

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr19:33512733-33512755 - 0 TGAAACCCTGAAGGTGCCGC TGG E PEPD  (on-target)

chr22:44704534-44704556 - 3 TGGAGCCCTGCAGGTGCCG GGG I PRR5

chr17:55561520-55561542 - 2 GGAAACCCTGAAGGTGCCAC TGG E CTD-2033D24.2

Coordinates  (hg38) strand MM target_seq PAM Position gene name

chr19:33512609-33512631 - 0 CAGCGCTACTGCACCGACAC CGG E PEPD  (on-target)

chr17:74222922-74222944 + 3 CAGCATTTCTGCACCGACAC TGG I TTYH2

chr17:55561396-55561418 - 1 CAGCGCTACTGCACCTACAC CGG E CTD-2033D24.2

chrY:9015703-9015725 + 3 GAGAGCTACTGCACGGACAC AGG - OFD1P3Y

FST

PDGFC

PEPD

Mismatched(MM) bases less than four were considered as potential off-targets, indicated in red and listed in the table 

following by the on-target site. Legend for off-target site positon: E = exonic; I = intronic; - = intergenic.

sg25: AAGTGGATGATTTTCAACGG

sg26: GAGCACCTCGTGGACCGAGG

sg27: GCGGCCGTTCTTCGCTTGA

sg37: CTGGAATTTACTACTCAGGT

sg38: TCAGCAGGAGAAGCCCGAAG

sg39: CCCCTGTCTCTGGCCGGCCA

sg40: TGTGCAGGCCGGCTCCATCG

sg41: TGAAACCCTGAAGGTGCCGC

sg42: CAGCGCTACTGCACCGACAC

Online Table V. Predicted off-target sites of the nine sgRNAs by CCTop.



Online Table VI

Online Table VII

Position of the off-site Name of the off-site Primer Forward (5’-3’) Primer reverse (5’-3’)

LUZP4 (-) sg25-0ff-1 GGCTTGTGTGGGTGTAGGTT GGACAACCGTAAGTTGGGGA

RP4-668J24.2  (E) sg27-0ff-1 CAACTCGCCACCCCTAAACG CCAGGTCTGAGGGTGCTTGA

PCBP3 (I) sg37-off-1 GTAGCTCTGAATGTGCTGATTC GAG GTA GGA GGT AGG GGT AG

AC011225.1 (-) sg37-off-2 AGCTTCTCCCAGGGTATCAA GCT GAA ATT GAG TAC TGT ATG ATG

USP43 (-) sg38-off-1 TTCTGGAGCACCAAGTCACG GCACTTCATGTCTGTACTCAAGTT

SCN1A (I) sg38-off-2 AGGCAAAGTCAGTCCATTGT CACAGTGAAGTCCAGTGCAGA

Metazoa_SRP (I) sg38-off-3 AGCCATGGTGAATTCTTTTGGG GCCCACTTTCCATGGGCTA

CDH4 (I) sg39-off-1 CACGCCTGTCTTGGGAACAA ACCACAATCCGAACATCTGAGT

PTPRF  (I) sg39-off-2 TCCCAAAGACCTTCCTCGTGT CCAACACCTGGGGACACTCG

CTA-223H9.9 (-) sg39-off-3 CCCAAGGTTGGGTGGTCAG ACTTCTGGACAGGTTGCAGG

PRR5 (I) sg41-off-1 TCTTCTCAGAGTTCAGGGAGGC CAGTTAAGGGCAGTGAACGGG

CTD-2033D24.2   (E) sg41-off-2 GTAGCGCTGAGTCTCCTCTT CCCTTTCTGAGCTTTAATTTTCTCA

TTYH2 (I) sg42-off-1 GGAATCAGATGCCTGGGGTG TGGAATTGATTTGTGCTGGAGTC

CTD-2033D24.2 (E) sg42-off-2 GATGAAGCCGTAGCAGCCT AAGGAAACCCTGAAGGTGCC

OFD1P3Y (-) sg42-off-3 AGCACTCACAAACACACAATGC GCCTGCCTAGTTTTGTAGGG

Predicted off-target site positon is indicated with gene name (E = exonic; I = intronic; - = intergenic).

Online Table VII. Primers for cloning of mRNA expression constructs.

Online Table VI. Primers for PCR of predicted off-target genomic sites.

Gene name Primer Forward (5’-3’) Primer reverse (5’-3’)

FST GAAGAAATATAAGAGAATTCGCCACCATGGTCCGCGCGAGGCACCAG CCGCAGAAGGCAGCGGATCCCTACCACTCTAGAATAGAAGA

PEPD GAAGAAATATAAGAGAATTCGCCACCATGGCGGCGGCCACCGGACCC CCGCAGAAGGCAGCGGATCCCTACTTGGGGCCAGAGAAGGG

PDGFC GAAGAAATATAAGAGAATTCGCCACCATGAGCCTCTTCGGGCTTCTC CCGCAGAAGGCAGCGGATCCCTATCCTCCTGTGCTCCCTCT


