


SUPPLEMENTARY METHODS
Internal Standard (IS) Design
Competitive synthetic DNA internal standard (IS) molecules were designed to mimic each target area but with substituted dinucleotides approximately every 50 bases to enable bioinformatic separation of native template (NT) and IS reads following sequencing.  The IS base changes were chosen to avoid known polymorphisms and lung cancer-associated mutations, so that they would not interfere with their detection or measurement.  A BLAST search was conducted to ensure primer specificity.  Priming regions were spared from artificial substitutions to ensure equal efficiency of priming NT and IS.  IS with these designs were synthesized at IDT using the custom “minigene” service. For each IS, IDT minigene plasmids were expanded in E. coli, DNA was extracted from clonal isolates, and the sequence was verified by Sanger sequencing. Of available IS synthesis methods, this approach was associated with the lowest potential for synthesis errors. Due to the high fidelity of endogenous E. coli polymerase, the frequency of variants due to polymerase error in the cloned IS can be expected to be between 10−7 and 10−8 (30) which is well below the desired limit of detection (LOD) for this study. Each minigene was shipped from IDT to UToledo as a purified, supercoiled plasmid containing custom IS inserts.  Each plasmid was linearized, gel-purified, quantified and mixed at equal concentrations (per genome copy) to create an IS mixture (ISM) at UToledo. As previously reported,  base substitution technical errors during library preparation and sequencing occur at the same rate in the IS as in the respective NT sequence (25). Therefore, each IS controls for target-specific, site, and regional differences in base substitution error rate during library preparation and sequencing.

External Complexity Calibration Ladder (ECCL)
Twenty-eight synthetic IS were designed to mimic human SCGB1A1 sequence. Each SCGB1A1 IS was designed with unique single base alterations spread throughout the sequence, exclusive of the priming regions, to enable it to be distinguished from both the NT and other designed SCGB1A1 IS, then prepared according to this design at IDT, Inc. (Coralville, Iowa) and linearized through restriction digest with KasI (New England Biolabs, Ipswich, MA).  To ensure separation of linearized plasmid from uncut plasmid, digestion products were electrophoresed in 2% low-melt agarose gels along with a size ladder and uncut plasmid. Gel slices corresponding to the linearized plasmid were extracted and purified using a QIAquick Gel Extraction kit (Qiagen, Inc., Valencia, CA). Each purified, linearized SCGB1A1 IS was quantified by fluorometric measurement (Qubit dsDNA HS Assay, Life Technologies Corporation, Eugene, OR).
  
Creation of the External Complexity Calibration Ladder (ECCL) and IS mixture
A stock mixture of SCGB1A1 IS sufficient for 8,000 assays was prepared based on Qubit DNA quantification values. Supplementary Table 3 presents the intended concentration value (molecules/l) for each IS in the stock mixture.  The different SCGB1A1 IS were included in the mixture at different concentrations to create a “ladder” to determine PCR capture efficiency of each sample.  Actual values were determined through 9 replicate measurements of the IS mixture using the PCR and sequencing methods detailed below. 


Round 1: Competitive Multiplex PCR
Four pairs of target-specific primers (SCGB1A1-ECCL, TP53.5, TP53.6, TP53.7) with APEX tails were combined to create a 1 μM multiplex primer mixture in TE buffer (10 mM Tris-Cl, pH 7.4, 0.1 mM EDTA).

PCR reactions were prepared containing at least 50,000 genome equivalents of both AEC gDNA sample and ISM, 6 μL 5X Q5 Buffer (New England Biolabs, Ipswich, MA), 0.6 μL 10mM dNTP (Promega, Madison, WI), 3 μL of 1 μM multiplex primer mixture, 1.5 μL 2% w/v bovine serum albumin (New England Biolabs, Ipswich, MA), 0.3 μL Q5 HotStart High Fidelity DNA Polymerase (New England Biolabs, Ipswich, MA, Ipswich, MA), and molecular-grade water to a final reaction volume of 30 μL.

Each competitive multiplex reaction mixture was amplified in a block thermal cycler with a heated lid for a total of 20 cycles under the following PCR conditions: 95 °C/2 min (Q5 HotStart DNA Polymerase activation); 20 cycles of 94 °C/15 s (denaturation), 63 °C/30 (annealing), and 72 °C/30 s (extension); a final extension 72 °C/2 min extension to ensure complete extension of all products. PCR products were column-purified using QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) according to manufacturer protocol and eluted in 300 μL TE buffer.

Round 2: Sample Barcoding PCR
Barcode/adaptor primers at a final concentration of 1 μM and a 2 μL aliquot of each diluted, column-purified reaction from Round 1 were amplified for 15 cycles under the following PCR conditions: 95 °C/2 min (Q5 HotStart DNA Polymerase activation); 15 cycles of 94 °C/15 s (denaturation), 62 °C/30 (annealing), and 72 °C/30 s (extension); a final extension 72 °C/2 min extension to ensure complete extension of all products. The column-purified product from each AEC sample was labeled using a unique set of dual-indexed barcode (Supplementary Table 2) primers to reduce likelihood of false-indexing/barcoding a sequencing read.

Sample Pooling
Following Round 2, each uniquely barcoded sample was quantified on an Agilent 2100 Bioanalyzer. Each sample was then mixed in equimolar ratios to optimize the percentage of sequencing reads that each sample would eventually receive.

Product Purification
Prior to sequencing, the pooled sequencing library was purified using gel electrophoresis on a 2% w/v agarose gel. The resultant product band was then cut out, separating it from unwanted heterodimers, extracted using a QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany), and eluted in
50 μL elution buffer.
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