
Supporting Information
Turner et al. 10.1073/pnas.1419677112
SI Materials and Methods
Tn-Seq Illumina Library Preparation from Initial PA14 Mutant Library.
To prepare DNA from the PA14 transposon library for Tn-seq
analysis transposon mutants were scraped from solid BHI
agar into 1 mL 1× buffer A (1) + 0.1% SDS and homogenized
in a Mini-Beadbeater (Biospec) in 2-mL vials preloaded with
Lysing Matrix B (MP Biomedicals) three to five times for 1 min
each, resting on ice in between each pulse. Proteinase K was then
added to 1 mg/mL and samples were incubated overnight at
50 °C. Samples were then homogenized once more as above,
separate sections from the same wound were pooled, and sam-
ples were extracted with an equal volume of 25:24:1 phenol:
chloroform:isoamyl alcohol, pH 8.0. DNA was ethanol-pre-
cipitated from the aqueous phase and was resuspended in
200–500 μL water after extensive pellet washing with 75% ethanol.
Tn-seq sequencing libraries were prepared by a modified version
of a published protocol (2). DNA was sheared to ∼400 bp in
a Q880R Sonicator (Qsonica). DNA (2.5 μg) was treated with
terminal deoxynucleotidyl transferase (TdT; Promega) in a 50-μL
reaction with 2.5 μL 9.5 mM dCTP/0.5 mM ddCTP, 10 μL 5× TdT
reaction buffer, and 1.25 μL rTdT at 37 °C for 1 h. DNA was then
purified with 0.8× volume Agencourt AMPure XP beads (Beckman
Coulter, Inc.) and eluted into 30 μL water. Five hundred nano-
grams of purified, TdT-treated DNA was used as template in
a PCR using the primer olj376 (5′-GTGACTGGAGTTCAGA-
CGTGTGCTCTTCCGATCTGGGGGGGGGGGGGGGG-3′)
and the 5′-biotinylated primer K2PTS-T8OE-1-bio (5′-GGGTTT-
TCCCAGTCACGACGTTG-3′) and performed with the Expand
Long Template PCR System using buffer 2 (Roche) using the fol-
lowing program: 95 °C, 5 min; 10× (94 °C, 30 s; 60 °C, 30 s; 68 °C,
2 min); 68 °C, 10 min. DNA was then purified with 0.8× volume
Agencourt AMPure XP beads (Beckman Coulter, Inc.) and
eluted into 50 μL water. Biotinylated PCR products were bound
to Streptavidin-coupled Dynabeads (Invitrogen) as described (1).
The beads were then resuspended in a PCR mix containing the
primers K2PTS-T8OE-2 (5′-AATGATACGGCGACCACCGA-
GATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTN-
NNNNCGTCCAGGACGCTACTTGTG -3′) and BC41 (5′-CA-
AGCAGAAGACGGCATACGAGATATTATAGTGACTGGA-
GTTCAGACGTGTG-3′) performed with the Expand Long
Template PCR System using buffer 2 (Roche) using the fol-
lowing program: 95 °C, 5 min; 15× (94 °C, 30 s; 58 °C, 30 s; 68 °C,
2 min); 68 °C, 10 min. The final library in the supernatant was
removed from the beads on a magnetic stand, purified with 0.8×
volume Agencourt AMPure XP beads (Beckman Coulter, Inc.),
and eluted into 15 μL water. Libraries were sequenced at the
Genome Sequencing and Analysis Facility at the University of
Texas at Austin on a HiSEq. 2000 (Illumina) on a 1 × 100 single
end run.

Essential Gene Analysis. First, individual insertion sites and the
number of reads originating from them were tallied as described
(3). When a read could not be unambiguously mapped to one
site (e.g., in the case of duplicated genes or regions) it was as-
signed randomly to one of the matching sites. Thus, duplicated
genes cannot be reliably queried with this method. The data
analysis method, contained in the Unix script TnSeqEssential.sh
and the R script TnSeqDESeqEssential.R was inspired largely by
the ESSENTIALS software package (4) and is described in de-
tail below. After removing the 50 most abundant insertion sites
from analysis to correct for amplification bias, insertion location

versus number of reads data were smoothed using locally
weighted LOESS smoothing using a smoothing parameter (α) of
1 to correct for genomic position-dependent effects on apparent
mutant abundance. Then, the insertion locations of all sites were
randomized to generate an “expected” dataset, and this was
repeated 2,000 times (results began to converge after 50 of these
Monte Carlo simulations). Then, real and expected data were
normalized using estimateSizeFactors() in DESeq version 1.16.0
(5) with default parameters. For gene knockout abundance
analysis, a modified annotation was generated with the 3′ 10% of
every gene removed (to ignore insertions that may not abolish
gene function). Then, the smoothed, normalized number of
transposon-derived reads per gene and the number of insertions
mapping to each gene were tallied using this modified annota-
tion in Perl. The number of transposon-derived reads was in-
cremented by one for each gene to avoid dividing by zero when
comparing to a condition with no mutants detected. Finally,
differential mutant abundance between the real data and the
expected pseudodata was calculated using a negative binomial
test with DESeq, artificially setting normalization factors to 1
(because the data were normalized per insertion) and adjusting
the P value for multiple testing correction with the Benjamini–
Hochberg method (6). This yielded a typically bimodal-appear-
ing distribution (Fig. 1A). To determine whether a gene be-
longed to the “reduced” or “unchanged” mode, a parameterized
bimodal Gaussian mixture model was fit to the log2-transformed
fold change mutant abundance with the R mclust package (7). A
gene was declared essential if it met two criteria: (i) it was sig-
nificantly less abundant in the real data than in the expected
pseudodata (P < 0.01, negative binomial test) and (ii) the pos-
terior probability of it’s belonging to the reduced mode was less
than 0.01. For comparative analyses, only sites that were reliably
identified in at least two (PAO1) or three (PA14) of four total
replicates were considered for downstream analysis. Tn-seq data
were comparatively analyzed as previously described (3), except
that the P value was adjusted for multiple testing correction with
the Benjamini–Hochberg method (6). All analyses were per-
formed on the Stampede supercomputer at the Texas Advanced
Computing Center.

SCFM2 Preparation. SCFM, which contains the average concen-
trations of ions, free amino acids, glucose, and lactatemeasured in
CF sputum samples, was prepared as previously described (8). To
make SCFM2, macromolecules that are present in CF sputum
samples were added to SCFM. The concentration of macro-
molecules in SCFM2 were based on reported measurements of
DNA (9–13), lipids (14–16), GlcNAc (17), and mucin (18–20)
detected in CF sputum samples. To represent these macro-
molecules, 600 μg·mL−1 salmon sperm DNA, 300 μM GlcNAc,
5 mg·mL−1 bovine maxillary mucin, and 100 μg·mL−1 DOPC
were added to SCFM to produce SCFM2. Salmon sperm DNA
was extracted with phenol:chloroform:isoamylalcohol (25:24:1),
pH 8.0, and precipitated with cold ethanol. Once completely dry,
the pellet was UV-sterilized for ∼20 min. Bovine maxillary mucin
was sterilized under UV for ∼4 h, with occasional mixing using
sterile sticks. DOPC was resuspended in chloroform and added
to the media before inoculation. To allow chloroform to evap-
orate, sterile media was shaken at 37 °C for at least 30 min.
Sterilized DNA, mucin, and DOPC were stored at −20 °C before
use. Step-by-step instructions for SCFM2 preparation are pre-
sented in Dataset S8.
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Fig. S1. Explanation of the Monte Carlo method used to determine gene essentiality. In this approach, detected transposon insert sites and their associated
read counts per site (“Observed”) are randomly distributed across the genome to generate a fitness-neutral pseudodataset (“Expected”). Reads per gene were
then tallied for each gene in the genome, and genes with significantly fewer reads observed than expected were declared essential (seeMaterials and Methods
for details).
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