Title
Virus-like particle-based delivery of Cas9/guide RNA ribonucleoprotein efficiently edits the brachyury gene and inhibits chordoma growth in vivo

Authors
Yunping Hu1*, Baisong Lu2, Zhiyong Deng3, Fei Xing4, Wesley Hsu1*

Affiliations
1 Department of Neurological Surgery, Wake Forest University School of Medicine, Medical Center Boulevard, Winston-Salem, NC 27157, USA
2 Wake Forest University Institute for Regenerative Medicine, Medical Center Boulevard, Winston-Salem, NC 27157, USA 
3 Department of Physiology and Pharmacology, Wake Forest University School of Medicine, Medical Center Boulevard, Winston-Salem, NC 27157, USA
4 Department of Cancer Biology, Wake Forest University School of Medicine, Medical Center Boulevard, Winston-Salem, NC 27157, USA

*Corresponding authors
Wesley Hsu, email: whsu@wakehealth.edu
Yunping Hu, email:yhu@wakehealth.edu



Supplementary Data

Supplementary Table S1. Sequences of sgRNA targeting brachyury

	Gene name
	
	Primers

	sgRNA a
	forward
	5’-ACCGggcctacctggtcagtgtcg-3’

	
	reverse
	5’-AAACcgacactgaccaggtaggcc-3’

	sgRNA b
	forward
	5′- ACCGgtgctgaaggtgaacgtgtc-3’

	
	reverse
	5’- AAACgacacgttcaccttcagcac-3’

	sgRNA c
	forward
	5’-CACCGtagcgcgtctccccgctcctc-3’

	
	reverse
	5’-AAACgaggagcggggagacgcgctaC-3’

	sgRNA d
	forward
	5’-CACCgcaggaagccttcctctcagt-3’

	
	reverse
	5’-AAACactgagaggaaggcttcctgc-3’






Supplementary Table S2. Primers for quantitative real-time PCR
	Gene name
	
	Primers

	Brachyury
	forward
	5’-AGACTGGAGAGTTGGG-3’

	
	reverse
	5’- CAGGTGGTCCACTCGGTACT-3’

	Cas9
	forward
	5’-GGAACCGCTGGAGAGCAACT-3’

	
	reverse
	5’-GTCCCTATCGAAGGACTCTGGCA-3’

	GAPDH
	forward
	5′-CATGAGAAGTATGACAACAGCCT-3′

	
	reverse
	3′-AGTCCTTCCACGATACCAAAGT-5′
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                        The representative PCR analysis showing deletion caused by brachyury sgRNAs. 
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The representative Western blot analysis of Cas9 expression in JHC7 and UCH2 cells treated with VLP-packaged brachyury gRNA a+c (50 ng) for up to 96 h. 
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a. The representative PCR analysis showing deletion caused by VLP-packaged brachyury gRNAs in JHC7 and UCH2 cells. b. The representative Western blot analysis of brachyury expression in JHC7 and UCH2 cells treated with vehicle (medium) or VLP-packaged brachyury gRNAs (50 ng) for 48 h. c. JHC7 and UCH2 cells were treated with VLP-packaged brachyury gRNAs (50 ng) for 48 h. Cell viability was measured by trypan blue exclusion assay. Data were presented as mean ± SD (n=3). * P < 0.05, vs Vehicle in the same cell line; # P < 0.05, vs a+c or a+d in the same cell line.
JHC7	1.2682547842635254	3.2847614529595561	3.2132096208903089	3.0339567799588152	3.0470227107944634	1	Vehicle	a+c	a+d	b+c	b+d	99.99999625544551	40.512125963983642	42.692017009745491	57.021097100293893	60.336351014790182	UCH2	1.959962379028517	2.1228559338886415	3.0553283197544889	8.7626420653838153	5.1138450554336421	1	Vehicle	a+c	a+d	b+c	b+d	100.00000197179845	30.631782023264932	33.048428760756117	53.573879551728908	54.866369904533713	
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		b+d		b+d		3.0470227108		5.1138450554
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		Trypan blue exlusion test for Cell viability

		Cells (2*105) were cultured in 6-well plates and treated with VLP-gRNA for 48 h, then trypan blue exclusion assay was performed.

		JHC7

				Unstained #												Stained #										Total of cells												Viability

				Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA				Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA		Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA				Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA

		1		78		48		42		58		60				2		67		67		39		43		80		115		109		97		103				97.5		41.7391304348		38.5321100917		59.793814433		58.2524271845

		2		75		45		45		55		70				0		62		58		46		41		75		107		103		101		111				100		42.0560747664		43.6893203883		54.4554455446		63.0630630631

		3		90		41		39		46		65				1		72		49		38		48		91		113		88		84		113				98.9010989011		36.2831858407		44.3181818182		54.7619047619		57.5221238938

																																				Mean		98.8003663004

																																				Relative viability		98.6838409613		42.2459252276		38.9999653764		60.519828451		58.9597257424

																																						101.2141958578		42.5667178841		44.2197943068		55.1166413087		63.8287721626

																																						100.1019519472		36.7237347803		44.8562913461		55.4268215412		58.2205551394

																																		Mean		Relative viability		99.9999962554		40.512125964		42.6920170097		57.0210971003		60.3363510148

																																		SD				1.2682547843		3.284761453		3.2132096209		3.03395678		3.0470227108

		UCH2

				Unstained												Stained										Total of cells												Viability

				Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA				Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA		Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA				Ctrl		VLP-A/C gRNA		VLP-A/D gRNA		VLP-B/C gRNA		VLP-B/D gRNA

		1		82		35		38		54		62				1		82		82		42		42		83		117		120		96		104				98.7951807229		29.9145299145		31.6666666667		56.25		59.6153846154

		2		95		42		36		39		58				0		88		84		52		53		95		130		120		91		111				100		32.3076923077		30		42.8571428571		52.2522522523

		3		102		38		43		56		42				4		97		77		39		42		106		135		120		95		84				96.2264150943		28.1481481481		35.8333333333		58.9473684211		50

																																				Mean		98.3405319391

																																				Relative viability		100.4623228316		30.4193295628		32.2010331515		57.1992036244		60.6213782002

		Viability (%)																																				101.68747311		32.8528759279		30.506241933		43.5803456186		53.1339949584

		Mean														SD																						97.8502099738		28.6231405791		36.4380111978		59.9420894122		50.843736555

				Vehicle		a+c		a+d		b+c		b+d				Vehicle		a+c		a+d		b+c		b+d										Mean		Relative viability		100.0000019718		30.6317820233		33.0484287608		53.5738795517		54.8663699045

		JHC7		99.9999962554		40.512125964		42.6920170097		57.0210971003		60.3363510148				1.2682547843		3.284761453		3.2132096209		3.03395678		3.0470227108										SD				1.959962379		2.1228559339		3.0553283198		8.7626420654		5.1138450554

		UCH2		100.0000019718		30.6317820233		33.0484287608		53.5738795517		54.8663699045				1.959962379		2.1228559339		3.0553283198		8.7626420654		5.1138450554
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