Additional methods

Linker tailing procedure. For linker tailing, approximately 1 pg of plasmid DNA was digested using
the appropriate restriction enzyme(s) and cleaned using the Gen Elute Gel Extraction Kit (Sigma-Aldrich,
St. Louis, MO). The non-phosphorylated linker oligonucleotides were pre-hybridized by mixing in sterile
deionized water at a concentration of 0.1-0.5 pug/pl, boiling for 1 min, and cooling at room temperature
for 2-3 h. Half of the digested plasmid DNA was ligated with 100X molar excess of linker. The ligations
were conducted for either 4 h at room temperature or overnight at 14°C. The ligation mixtures were
subsequently heated to 65-70°C for 5-10 min and then electrophoresed on a 1% agarose gel. The linear
ligation product was purified from the gel using the Gen Elute Gel Extraction Kit (Sigma-Aldrich) and
resuspended in 100 pl of hybridization buffer (10 mM Tris-HCI [pH 7.5], 100 mM NaCl, 1 mM EDTA).
This mixture was then heated at 80°C for 5 min in a dry-block heater, the heater shut off and the solution
slowly cooled overnight to room temperature. 10-20 pl of the annealing mixture was used directly for

transformation.

Construction of pTn7xLuxG0. The mini-Tn7 delivery vector pUC18-mini-Tn7T-GW- lacPO-
luxCDABE is a plasmid for directional cloning of promoters to generate Photorhabdus luminescens
luciferase transcriptional fusions [1]. It contains an E. coli lactose operon promoter (/acPO) fragment
flanked by Dralll sites that directs lactose (or IPTG) inducible luxCDABE operon expression. The 3-
nucleotide ambiguity in the Dralll recognition sites (5’-CACTATGTG and 5°- CACCGCGTG) can be
used for directional cloning of promoter-containing DNA fragments in place of the /lacPO fragment. The
lacPO-containing fragment of pUC18-mini-Tn7T-GW- lacPO-luxCDABE was replaced with the P.
aeruginosa gene PA4974 promoter (Ppyq974) containing 475-bp Dralll fragment from pPS2305 (Table S1)
to generate pUC18-mini-Tn7T-Ppyq974-lux. (The PA4974 promoter was identified in Xen5 which is a

previously isolated P. aeruginosa strain which contains a mini-Tn5-/luxCDABE insertion in the PA4974



gene whose promoter drives /ux operon expression [2].) Next, a 806-bp cassette containing the R6K
origin of replication (orirex) and oriT was released from pPS2836 by digestion with Smal and ligated with
the BsrBI digested backbone of pUC18-mini-Tn7T-Pp4y974-lux replacing the pUC origin of replication and
the ampicillin resistance-encoding bla gene to create pTn7xLuxGO0 (Additional Fig. 1). This plasmid

contains the mini-Tn7T-Ppyq974-lux element with a gentamicin resistance selection marker (aacC1I).

Construction of third generation plasmids. The construction of third generation plasmids originating
from pTn7xLuxGO is illustrated in Additional Fig. 1. First, we attempted to remove an extraneous Xbal
site outside the multiple cloning site proximal FRT site of pTn7xLuxGO0 by partial restriction digestion
with BamHI, followed by plasmid re-circularization and PstI digest to remove background, creating
pTn7xLuxG3. However, it was later determined that only the region between two Ps/ sites residing in
the multiple cloning site was removed. Thus, replacement of the gentamicin resistance marker of
pTn7xLuxG3 with the npt//-encoded kanamycin resistance marker from pFKM4 [3] on an Xbal fragment
resulted in the loss of one of the FRT sites flanking npt/l in each resulting third generation vector (e.g.

pTn7xLuxK3, pTn7oLuxK3, pTn7tLuxK3 and pTn5/7LuxK3).

The mini-Tn5/7-lux vector pTn5/7LuxK3 was created by Dralll+Stul digestion of pTn7xLuxK3,
followed by ligation with a Dralll-Stul fragment containing the TnJ5 transposase encoding tnpA gene
flanked by TnJ mosaic ends, replacing Pp44974. The tnpA gene and ME-containing fragment was PCR
amplified from pLG107 on a 1,978-bp fragment with primer pair 2427 & 2428. Clones containing tnpA
were screened for by a significant loss of luminescence due to Ppyy974 deletion and confirmed by a

Dralll+Stul restriction digest.

The P4 and Py, e containing pTn7oLuxK3 and pTn7tLuxK3derivatives of pTn7oLuxK3 were derived
by replacing Ppis974 With P4 and Py e, both of which were isolated on fragments obtained by PCR from
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B. pseudomallei strain K96243 [4] chromosomal DNA using primer pairs 2378 & 2379 and 2380 & 2381,
respectively. Directed Ppys974 replacement was achieved by incorporating Dralll sites with matching 3-

nucleotide ambiguities to those on the vector on either side of the promoter-containing fragments.

To remove the unwanted Xbal site from pTn7xLuxGO0, P,,,,4 was cloned into pTn7xLuxGO to replace
Ppyq4974and its resident BamHI site creating pTn7oLuxG0. The Xbal site was then removed by BamHI
digestion, followed by religation which created pTn7oLuxG4. Next, the gentamicin resistance marker
was replaced by deleting the ‘FRT-aacCI-FRT’ Xbal fragment with ‘FRT-npt/I-FRT’ (encoding
neomycin phosphotransferase I1) or ‘FRT-dhfrlI-FRT’ Xbal (encoding trimethoprim resistant
dihydrofolate reductase II) fragments from pFKM?2 [5] and pFTP2, respectively, creating pTn7oLuxK4
and pTn7oLuxT4. (The ‘FRT and FRT’ indicate truncated FRT sites since Xbal cleaves within the FRT
sequences.) The series of fourth generation of vectors was completed by constructing pTn5/7LuxG4,
pTn5/7LuxK4 and pTn5/7LuxT4. This was achieved by replacing P,,,s with a 1,783-bp Stul-Dralll
fragment carrying the TnJ transposase fnpA gene flanked by the Tn5 mosaic ends. The tnpA gene is
located upstream of the /ux operon and oriented in the opposite orientation. Replacement of P,,,,s was

confirmed by loss of luminescence and Dralll+Stul digests.

The construction of a fifth generation of vectors focused solely on the Tn5/7Lux plasmids. To increase
tnpA transcription, the B. thailandensis ribosomal Pg;, promoter was added to the EcoRI restriction site
near the 5’ end of the fmpA gene via linker tailing using oligonucleotides 2493 and 2494, creating
pTn5/7LuxKS5 and pTn5/7LuxT5 from pTn5/7LuxK4 and pTn5/7LuxT4, respectively. Insertion of Ps;,
was confirmed by sequencing. (The version containing a gentamicin marker was not pursued due to
unexpected behavior of the vector, such as only being replicated in strains containing the pir-116" but not

pir’ allele.)



The sixth generation vector series originated from pTn5/7LuxT5. An attBI site was inserted into the
Dralll site upstream of the /ux operon via linker tailing with oligonucleotides 2540 and 2541 to allow for
Gateway recombination for exchange of the /ux operon with other genetic elements (an a#/B2 site already
existed downstream of /ux). The insertion event creating pTnS5/7LuxT6 was confirmed by sequencing.
The remaining plasmids of this series — pTn5/7LuxK6, pTn5/7LuxG6 and pTn5/7LuxTc6 — were then
derived from pTn5/7LuxT6 by replacing its Xbal-liberated ‘FRT-dhfRII-FRT’ resistance cassette with
‘FRT-nptll-FRT’, ‘FRT-aacCI1-FRT’ and ‘FRT-tetA-FRT’ cassettes from Xbal-digested pFKM2, pFGM1

and pFTC2, respectively.

Construction of empty mini-Tn7 delivery vectors. Three empty mini-Tn7 delivery vectors were
constructed. To accomplish this, primer pair 2421 and 2422 was used to amplify the pTn7xLuxG3
backbone, excluding the /ux operon, and add PsI sites to either side of the amplicon. The amplified
backbone was re-circularized to create pTn7xG (Additional Fig. 2). To replace the ‘FRT-aacCI-FRT’
cassette, pTn7xG DNA was digested with Xbal and ligated with Xbal ‘FRT-nptlI-FRT’ and ‘FRT-dhfrll-
FRT’ fragments from pFKM4 and pFTP2 to derive pTn7xK and pTn7xT, respectively. These new mini-
Tn7 vectors contain unique restriction sites for cloning of cargo segments and the gentamicin, kanamycin
and trimethoprim selection markers facilitate transposition selection in a broad-range of Gram-negative

bacteria.

Multiplex PCR for detection of B. pseudomallei mini-Tn7 attTn7 insertions. Because B.
pseudomallei contains three glmS-associated attTn7 sites, the traditional method for determining the mini-
Tn7 insertion sites involved three separate PCR reactions employing a Tn7-specific primer and three
chromosome-specific primers [5]. To streamline the insertion site detection method we developed a
multiplex PCR using the primer set P479 & 1510 & 2595 & 2596. DNA templates used were obtained
using colony boiling preparations. Briefly, individual colonies were transferred to 30 pl of sterile distilled
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and deionized water and the cell suspension was boiled for 10 min. The resulting lysates were then
centrifuged for 30 s at 12,000xg at room temperature in a microcentrifuge and the supernatants
transferred to a clean microcentrifuge tube. Six ul of supernatant were used as template in 50 ul PCR
mixes containing 30 pmoles of primers 479, 1510 and 2596 and 7.5 pmoles of primer 2595 in addition to
Tag DNA polymerase (New England Biolabs). The PCR conditions employed were an initial
denaturation step at 95°C for 2 min, 30 cycles of 95°C for 30 s, 61.2°C for 30 s and 72°C for 30 s, a final
elongation step at 72°C for 10 min, followed by a hold at 8°C. Twenty ul aliquots of the PCR reaction
mixtures were analyzed on a 1% agarose gel in TAE running buffer [6]. Additional Fig. 3 is a

representative example of multiplex PCR results.
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Additional table 1. Auxiliary plasmids used for vector construction

Plasmid GenBank Pertinent features® Source
Accession #

pFGM1 AY597270 Ap', Gm'; source of FRT-aacCI1-FRT [7]
gentamicin resistance gene cassette

pFKM2 EU215433 Ap', Km'; source of FRT-nptII-FRT [5]
kanamycin resistance gene cassette

pFKM4 IX504717 Ap', Km'; source of FRT-nptII-FRT (3]
kanamycin resistance gene cassette

pFTP1 AY712951 Ap', Tp'; source of FRT-dhfRII-FRT [7]
trimethoprim resistance gene cassette

pFTP2 KF532953 Ap', Tp'; source of FRT-dhfRII-FRT This study
trimethoprim resistance gene cassette; extra
Xbal site within cassette removed by site-
directed mutagenesis (TCTAGA >
CCTAGA)

pFTCl1 AY712950 Ap', Tc'; source of FRT-tetA-FRT [7]
tetracycline resistance gene cassette

pFTC2 KF532952 Ap', Tc'; source of FRT-tetA-FRT This study
tetracycline resistance gene cassette; extra
Xbal site within cassette removed by site-
directed mutagenesis (TCTAGA >
CCTAGA)

pLG107 N/A Ap', Km'; Tn5 delivery vector; source of Colin




Tn5 mosaic ends and tnpA4 encoded

transposase

Manoil,
University of

Washington

pPS2305

KF532954

Ap'; source of Ppyyp74; pCR2.1 (Invitrogen)
with 474-bp Dralll-Ppy4974-Dralll PCR
fragment obtained with P. aeruginosa PAO1
chromosomal DNA and primers 1630 &

1631

This Study

pPS2836

KF532955

Ap'; source of origek-oriT cassette; pCR2.1
with 817-bp PCR fragment obtained with
pUCI18R6KT-mini-Tn7T DNA and primers

2298 & 2299

This study

pTn7xLuxGO

KF532964

Gm'; luxCDEBA operon transcribed from

Ppy4974 contained on Dralll fragment

This Study

pTn70LuxGO

KF532961

Gm'; Dralll fragment containing Ppy974
replaced with Dralll fragment containing

P ompA

This Study

pTn7xG

KF813058

Gm'; pTn7xLuxG3 (Genbank accession no.
KF532965) backbone amplified without
luxCDABE operon; mini-Tn7 delivery

vector

This Study

pTn7xK

KFg&13059

Km'; pTn7xG with Gm" encoding aacC1
gene replaced with Km" encoding nptIl gene

from pFKM4

This Study




pTn7xT KF813060 Tp"; pTn7xG with Gm" encoding aacCI This Study
gene replaced with Tp' encoding dhfRII gene
from pFTP2

pUC18R6KT-mini- AY712953 Ap"; mini-Tn7T delivery vector [7]

Tn7T

pUCI8R6KT-mini- | KF532956 Ap' Km'; the released Km" (FRT-npt[I-FRT) | This Study

Tn7T-Km

encoding fragment from Eco53KI- digested
pFKM2 was ligated with EcoRV-digested

pUCI18RO6KT-mini-Tn7T.

*Abbreviations: Ap, ampicillin; Gm, gentamicin; Km, kanamycin; Tc, tetracycline; Tp, trimethoprim;

FRT, Flp recombinase target.




Additional table 2. Oligonucleotides used in vector construction and Tn7 insertion determination

Oligo | Description Sequence (5° 2 3°)°

Name

479 Tn7L ATTAGCTTACGACGCTACACCC

1510 BPGLMS2 ACACGACGCAAGAGCGGAATC

1630 Xen5-Up CACTATGTGATCGATGGCTCTCCTGGGTG

1631 Xen5-DW CACCGCGTGTCGTTCGTCCTGGAAAAGATGC

2298 Smal-R6KoriT-F ATTCCCGGGAGGCCACCACTTCAAGAACTC

2299 Sma-R6KoriT-R TAATCCCGGGCTTCCGCTTCCTCGCTCA

2378 DralllompA-UP TAACACTATGTGAGACCGATGTTAGGGTGGGG

2379 DralllompA-DN TAACACCGCGTGTGAGATTACCGCAGGTTTACTG

2380 DrallltolC-UP TAACACTATGTGGCGATTACAAGCCGGAATCAGGCT
ATCATGCACTCAAGTTG

2381 DrallltolC-DN TAACACCGCGTGGGTGAATTCAGGATCGTCAAAAAC
CGATATAAGACGGGACCG

2421 Tn7xFGmPstI-UP ATAACTGCAGCACCGCGTGTCGTTCGTCCTG

2422 Tn7xFGmPstl-DN ATAACTGCAGCTTTGCCTAATTGTAAGTGGA

2427 Stu-ME-TnpA-for TAAAGGCCTAGATGTGTATAAGAGACAGACTCTTCC
TTTTTCAATATTATTG

2428 DralllI-ME-tnpA-rev TAACACCGCGTGAGATGTGTATAAGAGACAGGAATTC

2493 S12-Fwd AATTCTTGACTCACTTGGGATTTTCGGAATATCATG

2494 S12-Rev AATTCATGATATTCCGAAAATCCCAAGTGAGTCAAG

2540

DralllattB1 F

GTGACAAGTTTGTACAAAAAAGCAGGCTGCG
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2541 DralllattB1R AGCCTGCTTTTTTGTACAAACTTGTCACCGC
2595 | BPGLMSI1-New4 ACCTGATTGCGTTCGTCGTCC
2596 | BPGLMS3-New ATCACGCTGCTTTGGCTGG

"Restriction sites are underlined: Dralll (1630, 1631, 2738, 2739, 2380, 2381, 2428); Psi (2421 and

2422); Smal (2298, 2299); Stul (2427). The Tn5 mosaic end sequences in oligonucleotides 2427 and

2428 are bolded.

11




WXTVTW

B+P +PompA
digest
B B B +Kml’ X:|>

» P » B +PtoIC pTn7oLuxK3

X
B
pTn7xLuxG0 pTn7xLuxG3 pTn7xLuxK3
+tnpA pTn5/7LuxGé6
.
pTn7tLuxK3 +em
pTn5/7LuxK3
+P +tnpA +P +attB1
ompA St an5/7LuxTc6
o o 2
an7oLuxT4 pTn5/7LuxT4 PTn5/7LuxT5 pPTn5/7LuxTé
+Tp"
B +f”PA pTn5/7LuxK6é
P
P
X attB1/attB2
B thpA
pTn7oLuxG4 pTn5/7LuxG4
pTn7oLuxGo0 +Kmr T

> Ps12
> Ppasgrs

>
v
+P ®
+tnpA S12 O
@
@ .
<kKKKK] luxCDABE folC

S 4 X T
°°3%):u

) PompA
pTn7oLuxK4 pTn5/7LuxK4 pTn5/7LuxK5
12



Additional figure 1. Genealogy of mini-Tn7-/ux and mini-Tn5/7-lux vector creation from
pTn7xLuxG0. Plasmid nomenclature indicates what the respective vectors carry and the generation they
belong to. For example capital letters G, K, T and Tc indicate gentamicin, kanamycin, trimethoprim and
tetracycline resistance markers used for either mini-Tn5/7-lux or mini-Tn7-/ux transposition selection.
Letters 3 to 6 indicate vector generation and lower case letters o, t and x indicate the B. pseudomallei
ompA (Pompa), B. pseudomallei tolC (Pyc) and P. aeruginosa PA4974 (Ppays74) promoters, respectively.
Letters B, P and X indicate BamHI, Pstl and Xbal restriction sites. B+P denotes a BamHI partial and Pstl
complete restriction digest and AB indicates a BamHI deletion. Steps marked with +Gm', +Km', +Tp" and
+Tc¢" indicate replacement of the resident resistance marker with gentamicin (aacC1), kanamycin (nptlI),
trimethoprim (dhfRII) and tetracycline (tet4) resistance markers. Steps marked with +#np4 indicate
addition of the TnJ transposase gene with flanking Tn5 mosaic ends and steps marked with +attB] mark
addition of a bacteriophage A a#tBI recombination site. Steps marked with +Pg;,indicate insertion of a B.
thailandensis ribosomal S12 gene promoter. Transcription directions from promoters are indicated with
an arrow. Color coding of genetic elements is explained in the insert box.
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(3,850 bp) (4,208 bp)
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(3,634 bp)
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Additional figure 2. Maps of mini-Tn7 delivery vectors. The mini-Tn7 elements on these delivery
vectors are flanked by the Tn7 left (Tn7L) and right (Tn7R) ends and contain a either an aacCI-encoded
gentamicin resistance marker (pTn7xG), a nptll-encoded kanamycin resistance marker (pTn7xK) or a
dhfRII-encoded trimethoprim resistance marker (pTn7xT). The resistance genes are flanked by Flp
recombinase targets (FRT). The mini-Tn7 element also contains the transcriptional terminators Ty and T,
from bacteriophage A and E. coli rrnB operon, respectively, and the promoter from the P. aeruginosa
PA4974 gene (Ppas974). The plasmid backbone contains the R6K origin of replication (orirex) and an
origin of conjugative transfer (ori7T). Unique restriction sites for cloning of cargo fragments are shown.
The two Dralll sites contain a 3-nucleotide ambiguity in the recognition sites (Dralll-1 5°-
CACTATGTG and Dralll-2 5°- CACCGCGTG) and aside from deletion of Pp4497, can therefore also be
used for directional cloning of promoter-containing DNA fragments for transcription of cargo genes.
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A) B)

P479'P2595

— 349 bp
25 nt

—lgims1 13917 [ chromosome 1

GTGACGGTGGAATAAACGCGCACGACCGAACGGGCGATTCGC Site(s) of gImS atfTn7::mini-Tn7 insertion
v T V E * f )
1
+
P479'P1510 1 2 2
= 263 bp
25nt + + +
bp M 1 2 3 3 3 3 - NTC
chromosome 1
500 -
400 -
GTGACGGTCGAGTGAGGCCGGGCGCGCGCCGCCGCTCGCCGL 300 -
vV T V E * 200 -
P479'P2596
s 470 bp
25nt

chromosome 2

GTGACGGTGGAGTAGGGGAGGTGGGGCGCGGTTGTGTTTGAT
v T V E *

Additional figure 3. Tn7 insertion at multiple sites in B. pseudomallei and detection by multiplex
PCR. (A) Insertion occurs at three possible g/imS-linked a#Tn7 sites, two on chromosome 1 and one on
chromosome 2, but >65% of observed insertions occur at the g/mS2-associated site on chromosome 1.
Although the a#fTn7 target sequences are located within the last 40 nucleotides of the g/mS coding
sequences Tn7 elements insert 25 nucleotides (25 nt) downstream of the respective g/msS gene in the
glmS-downstream gene intergenic region [8]. The downstream genes are labeled with the short form of
their respective strain Bp82 annotations as BP1026B 13917, BP1026B 12227 and BP1026B_112158.
The sequences shown include the last five codons of the respective g/mS genes and the Tn7 insertion sites
marked by triangles and nucleotides in red type. Expected PCR fragment sizes (taking into account the 5
bp insertion site duplication [8]) are indicated by horizontal bars, which are labeled with primer pairs used
for amplification and fragment sizes. (B) Representative multiplex PCR results of verification of mini-
Tn7 insertion at one or multiple B. pseudomallei genomic insertion sites. Lanes labeled 1, 2 and 3
indicate mini-Tn7 insertion at glmS1-, glmS2- or gimS3-associated a#fTn7 sites. Combinations of
numbers indicate insertions at multiple a#/Tn7 sites. For example, 1+2+3 indicates insertions at all three
sites. Other lanes: —, DNA from Bp82.27 host strain without mini-Tn7 insertion; NTC, no template
control. The lane labeled M contained Hi-Lo molecular weight markers from Minnesota Molecular
(Minneapolis, MN).
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