Materials and Methods
Artificial cfDNA sample preparation
Preparation of cell lines
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Seven cell lines, including six cell lines with positive mutations and one cell line without positive mutations, were used in the present study (Table 1). These cell lines were obtained from Beijing Zhongyuan Ltd. (Beijing, China) and cultured using the recommended culture conditions. Briefly, cell lines H1975, LS 180, A2058, H1065, H1355, and WI-38 were incubated at 37℃ in a suitable incubator with 5% CO2 in the air atmosphere. And cell line SW1271 was incubated at 37°C in a suitable incubator in air atmosphere. All culture media contained 10% fetal bovine serum (FBS), except for the H1355 cell line, which needed 5% FBS. 
	Table 1. Cell lines used in the study

	Cell line
	Supplier
	Catalogue number
	Known mutation

	H1975
	ATCC
	CRL-5908
	EGFR p.T790M;EGFR p.L858R

	LS 180
	ATCC
	CL-187
	KRAS p.G12D;PIK3CA p.H1047R

	SW1271
	ATCC
	CRL-2177
	NRAS p.Q61R

	A2058
	ATCC
	CRL-11147
	BRAF p.V600E

	H1065
	ATCC
	CRL-5883
	EGFR p.E746_A750del

	H1355
	ATCC
	CRL-5865
	KRAS p.G13C

	WI-38
	ATCC
	CCL-75
	-


DNA extraction
The cell suspension was prepared by collecting suspension cell culture medium or digesting adherent cell lines with 1X phosphate buffer saline (Thermo Fisher, C10010500BT, America). After centrifugation at 300 g for 5 minutes, the supernatant was discarded, and the precipitate was suspended using 200 µL phosphate buffer saline (PBS). Genomic DNA samples were extracted using the Qiamp FFPE tissue kit (Qiagen, 56404, Germany). The DNA was eluted with low-TE buffer and ready for use in downstream experiments.
Sanger sequencing for mutation confirmation
Sanger sequencing at Sangon Biotech (Shanghai) Co., Ltd. was used to identify the eight mutations in the genomic DNA extracted from the six mutant-positive cell lines. The primers used were listed in Table 1.
	Table1. Primers used in Sanger sequencing

	Gene
	AA change
	Orientation
	Primer

	EGFR
	p.T790M
	Forward
	5'-CAGCTTTTCCTCCATGAGTACG-3'

	
	
	Reverse
	5'-GGCAAACTCTTGCTATCCCAG-3'

	
	p.L858R
	Forward
	5'-CTTCTTCCCATGATGATCTGTC-3'

	
	
	Reverse
	5'-ACAATACAGCTAGTGGGAAGGC-3'

	
	p.E746_A750deL
	Forward
	5'-GTAACATCCACCCAGATCACTG-3'

	
	
	Reverse
	5'-ACCAAAAACAATACCCATGCTC-3'

	KRAS
	p.G12D
	Forward
	5'-ATGATATGATCCTTTGAGAGCC-3'

	
	
	Reverse
	5'-CTGTATCAAAGAATGGTCCTGC-3'

	
	p.G13C
	Forward
	5'-ATGATATGATCCTTTGAGAGCC-3'

	
	
	Reverse
	5'-CTGTATCAAAGAATGGTCCTGC-3'

	BRAF
	p.V600E
	Forward
	5'-TGCTTGCTCTGATAGGAAAATG-3'

	
	
	Reverse
	5'-AGTAACTCAGCAGCATCTCAGG-3'

	NRAS
	p.Q61R
	Forward
	5'-ACAAACCAGATAGGCAGAAATG-3'

	
	
	Reverse
	5'-CCTCATTTCCCCATAAAGATTC-3'

	PIK3CA
	p.H1047R
	Forward
	5'-ATTTGCTCCAAACTGACCAAAC-3'

	
	
	Reverse
	5'-TGTGCAATTCCTATGCAATCG-3'


Preparation of the Reference materials (RMs)
Genomic DNA from cell line WI-38, was sheared separately to 160 bp using the Covaris M220 sonicator (Covaris Inc., USA), which served as the negative cfDNA RMs N1. Cell lines H1975, LS 180, and SW1271 were mixed with the negative cfDNA RMs N1 at the desired variant frequency of 3% served as positive multiplex cfDNA RMS P1. And, cell lines A2058, H1065, and H1355 were mixed with the negative cfDNA RMs N1 at the desired variant frequency of 1% served as positive multiplex cfDNA RMs P2.
Validation and quantification of the RMs by ddPCR
[bookmark: OLE_LINK12][bookmark: _GoBack]To validate and quantify the variant frequencies, the cell lines with positive mutations and mixed RMs were tested by ddPCR using the QuantStudio™ 3D digital PCR system (Applied Biosystems). The reactions were set up in triplicate. The ddPCR assays used for quantification are commercially bought from Thermo Fisher and the assay catalog numbers were listed as follows: #A44177. Each reaction system included in a total reaction volume of 15 μL containing 2x QuantStudio™3D digital PCR Master Mix 7.25μL, 20 ng template, and 0.725 μL TaqMan® Assay (450 mM of each primer, and 125 nM of each probe). The reaction mixture was loaded onto Digital PCR 20K chip by using QuantStudio™ 3D digital PCR Chip Loader. The chip was preheated at 96℃ for 10 minutes followed by 39 cycles of 60 °C for 2minutes and 98 °C for 30 s, one holding 60 °C for 2 min and the final holding 10 °C using ProFlex 2 x Flat PCR System to select and start the preprogrammed run for the chips. The chip was loaded on the QuantStudio™ 3D digital PCR Instrument to analyze.
