Supplemental Information for "AssessORF: combining evolutionary conservation and proteomics to assess prokaryotic gene predictions".

SUPPLEMENTAL METHODS

In-house proteomics data was acquired from Acinetobacter baumannii strain ATCC 17978, Streptococcus agalactiae strain COH1, Streptococcus pyogenes strain MGAS5005 and Staphylococcus aureus strain TCH1516. These four bacteria were grown in Todd-Hewitt broth at 37 °C to mid-log phase in triplicate for each experiment. After growth, bacterial cells were pelleted via centrifugation and lysed with an in-house lysis buffer containing: 75 mM NaCl, 3% sodium dodecyl sulfate (SDS), 1 mM sodium fluoride, 1 mM β-glycerophosphate, 1 mM sodium orthovanadate, 10 mM sodium pyrophosphate, 1 mM phenylmethylsulfonyl fluoride, 1X complete EDTA-free protease inhibitor cocktail (Roche) and 50 mM HEPES (Sigma). Samples were pulse sonicated for 15 seconds three times with a 15 second pause between each pulse to ensure complete lysis.  Next, proteins were denatured through addition of a solution of 8 M urea containing 50 mM HEPES (pH = 8.5). Reduction of disulfide bonds was performed in 5 mM of dithiothreitol (DTT) at 56 °C for 30 minutes. Alkylation of cysteine residues was performed in 15 mM iodoacetamide (IAA) for 20 minutes in a darkened environment. Subsequent reaction quenching was performed in 5 mM of DTT for 15 minutes in a darkened environment (Haas, et al., 2006). Proteins were precipitated with chloroform and methanol as follows: 6 mL of methanol, 1.5 mL of chloroform, and 4 mL of HPLC-grade water was added to sample lysates (Wessel and Flugge, 1984). Samples were vortexed and subjected to centrifugation for 2 minutes at 3,220 x g. After removal of the supernatant, 6 mL of methanol was added to each sample. Samples were again centrifuged at 3,220 x g for 2 minutes and kept on ice for all subsequent washes. After removal of the supernatants, 3 mL of ice-cold acetone was added to each sample pellet. Samples were vortexed and centrifuged at 4 °C for 5 minutes. The supernatants were removed, and a second acetone wash was performed. After removal of supernatants, resultant protein pellets were dried at 56 °C for 15 minutes. Pellets were rehydrated in 300 µL of 1 M urea with 50 mM of HEPES buffer (pH 8.5), vortexed for 5 minutes, and sonicated in a water bath for 5 minutes at room temperature.
	Digestion was performed in two steps (Lapek, et al., 2017). First, digestion with 3 µg sequencing-grade LysC (10 µg/ml) was performed at room temperature overnight. Second, digestion with 3.75 µg sequencing-grade trypsin (12.5 µg/ml) was performed at 37 °C for 6 hours. Digests were acidified with 20 µL of 10% trifluoroacetic acid (TFA) and samples were subjected to centrifugation for 5 minutes at 4,000 rpm. Sample supernatants were desalted using C18 resin columns (Waters) as previously described (Tolonen and Haas, 2014). Desalted samples were lyophilized and resuspended in a solution of 50% acetonitrile and 5% formic acid. The concentration of digested peptide present in each sample was determined using the Pierce Quantitative Colorimetric Assay (Thermo). In total, 50 µg of peptide from each sample was segregated and lyophilized for further analysis.
	Samples were re-suspended in 50 µL of 30% anhydrous acetonitrile with 50 mM HEPES (pH 8.5). Tandem mass tag (TMT) reagents (McAlister, et al., 2012; Thompson, et al., 2003) were re-suspended by vortexing lyophilized stocks for 5 minutes in 40 µL anhydrous acetonitrile. Labeling was performed on resuspended peptides by incubating samples in 8 µL of the assigned TMT label for one hour at room temperature. Reaction quenching was performed in 50 mM of hydroxylamine for 15 minutes. Samples were acidified by the addition of 50 µL of 1% TFA prior to multiplexing. Samples were mixed and desalted on C18 resin columns and then lyophilized and resuspended in 120 µL of a solution containing 5% acetonitrile and 5% formic acid. Samples were fractionated using high pH reverse-phase liquid chromatography. Fractionation was performed on an Ultimate 3000 HPLC with a 4.6 mm x 250 mm C18 resin column. Samples were loaded onto the column and fractionated into 96 fractions over a 60 minute gradient. The gradient ranged from 5% to 35% acetonitrile in 10 mM ammonium bicarbonate. 96 fractions were collected in total and concatenated into 24 fractions as previously described (Wang, et al., 2011). Twelve alternating fractions were lyophilized and re-suspended in 8 µL of a solution of 5% acetonitrile and 5% formic acid for subsequent liquid chromatography–mass spectrometry (LC-MS) analysis.

LC-MS analysis

	Samples were analyzed on an Orbitrap Fusion Tribrid Mass Spectrometer with in-line Easy nLC System (Thermo). Samples were loaded onto a 30 cm glass capillary column with inner capillary diameter of 100 µm and outer diameter of 350 µm. The column was pulled and packed in-house. The distal tip contained 0.5 cm of 5 µm C4 resin, followed by 0.5 cm of 3 µm C18 resin, and the remainder of the column was packed with 1.8 µm of C18 resin. Following sample loading, peptides were eluted using a gradient ranging of 11-30% acetonitrile in 0.125% formic acid over 165 min at a flow rate of 300 nL/min while heating the column to 60 °C.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]	Electrospray ionization was assisted by the application of 2,000 V of electricity through a T-junction connecting the column to the nLC capillaries. MS1 spectrum acquisition was performed in data dependent centroid mode with a scan range of 500-1200 m/z and a resolution of 60,000. Automatic gain control (AGC) was set to 2x105 with a maximum ion inject time of 100 ms. The lower threshold for ion intensity was set to 5x104. Ions selected for MS2 fragmentation were isolated in the quadrupole at 0.5 Th. Ions were fragmented using collision-induced dissociation (CID) with a normalized collision energy of 30% and were detected in the linear ion trap with rapid scan rate AGC of 1x104 and a maximum inject time of 35 ms. Collected MS2 spectra were searched with parameters described in the primary Methods section.
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Figure S1. Effect of ratio on overall score. Scores varied relatively little with alternative values of the conservation to coverage ratio for strongly conserved starts (minConCovRatio_Strong; default 99%).
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Figure S2. Bias towards predicting start sites too far upstream. The ratios of "CS>" (predicted start too far upstream) to "CS<" (predicted start too far downstream) are all greater than 1 when considering predicted and alternative starts within N nucleotides of the 5'-end of the ORF. On average, Prodigal exhibited the greatest tendency towards predicting starts too far upstream.
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[bookmark: _GoBack]Figure S3. Comparison of gene categorizations by length for all 20 strains. Stacked bar plots show that there is less evidence supporting shorter genes (≤ 300 nucleotides). All programs predicted a similar distribution of gene lengths (i.e., width of vertical bars), except Glimmer which predicted a greater proportion of short genes. Glimmer also predicted the greatest proportion of genes falling into categories with evidence against the gene. The height of each bar represents the proportion of genes in a particular category, and dashed lines indicate where no genes of a given length fell into a category. Colors and legend are the same as in Figure 2.
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