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SUMMARY: 25 
This is an adapted method for identifying candidate insect colonization factors in a Burkholderia 26 
beneficial symbiont. The beetle host is infected with a random mutant library generated via 27 
transposon mutagenesis, and library complexity after colonization is compared to a control 28 
grown in vitro.  29 
 30 
ABSTRACT: 31 
Inferring the biological function of genes by manipulating their activity is an essential tool for 32 
understanding the genetic underpinnings of most biological processes. Advances in molecular 33 
microbiology have seen the emergence of diverse mutagenesis techniques for the manipulation 34 
of genes. Among them, transposon-insertion sequencing (Tn-seq) is a valuable tool to 35 
simultaneously assess the functionality of many candidate genes in an untargeted way. The 36 
technique has been key to identifying molecular mechanisms for the colonization of eukaryotic 37 
hosts in several pathogenic microbes and a few beneficial symbionts.  38 
 39 
Here, Tn-seq is established as a method to identify colonization factors in a mutualistic 40 
Burkholderia gladioli symbiont of the beetle Lagria villosa. By conjugation, Tn5 transposon-41 
mediated insertion of an antibiotic-resistance cassette was carried out at random genomic 42 
locations in B. gladioli. To identify the effect of gene disruptions on the ability of the bacteria to 43 
colonize the beetle host, the generated B. gladioli transposon-mutant library is inoculated on the 44 
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beetle eggs, while a control is grown in vitro in a liquid culture medium. After allowing sufficient 45 
time for colonization, DNA is extracted from the in vivo and in vitro grown libraries. Following a 46 
DNA library preparation protocol, the DNA samples are prepared for transposon-insertion 47 
sequencing. DNA fragments that contain the transposon-insert edge and flanking bacterial DNA 48 
are selected, and the mutation sites are determined by sequencing away from the transposon-49 
insert edge. Finally, by analyzing and comparing the frequencies of each mutant between the in 50 
vivo and in vitro libraries, the importance of specific symbiont genes during beetle colonization 51 
can be predicted. 52 
 53 
INTRODUCTION: 54 
Burkholderia gladioli can engage in a symbiotic association with Lagria villosa beetles, playing an 55 
important role in defense against microbial antagonists of the insect host4–6. Female beetles 56 
house several strains of B. gladioli in specialized glands accessory to the reproductive system. 57 
Upon egg-laying, females smear B. gladioli cells on the egg surface where antimicrobial 58 
compounds produced by B. gladioli inhibit infections by entomopathogenic fungi4,6. During late 59 
embryonic development or early after the larvae hatch, the bacteria colonize cuticular 60 
invaginations on the dorsal surface of the larvae. Despite this specialized localization and vertical 61 
transmission route of the symbionts, L. villosa can presumably also acquire B. gladioli horizontally 62 
from the environment4. Furthermore, at least three strains of B. gladioli have been found in 63 
association with L. villosa4,6. Among these, B. gladioli Lv-StA is the only one that is amenable to 64 
cultivation in vitro. 65 
 66 
B. gladioli Lv-StA has a genome size of 8.56 Mb6 and contains 7,468 genes. Which of these genes 67 
are important for B. gladioli bacteria to colonize the beetle host? To answer this question, we 68 
used transposon-insertion sequencing (Tn-seq), an explorative method to identify conditionally 69 
essential microbial genes1–3. A mutant library of B. gladioli Lv-StA was created using a Tn5 70 
transposon. Through conjugation from Escherichia coli donor cells to B. gladioli Lv-StA, a pRL27 71 
plasmid carrying the Tn5 transposon and an antibiotic resistance cassette flanked by inverted 72 
repeats was transferred (Figure 1). Thereby, a set of mutants that individually carry disruptions 73 
of 3,736 symbiont genes was generated (Figure 2).  74 
 75 
The mutant pool was infected onto beetle eggs to identify the colonization factors and—as a 76 
control—was also grown in vitro in King’s B (KB) medium. After allowing sufficient time for 77 
colonization, hatched larvae were collected and pooled for DNA extraction. Fragments of DNA 78 
containing the transposon insert and the flanking genomic region of B. gladioli Lv-StA were 79 
selected using a modified DNA library preparation protocol for sequencing. Read quality 80 
processing followed by analysis with DESeq2 was carried out to identify specific genes crucial for 81 
B. gladioli Lv-StA to colonize L. villosa larvae when transmitted via the egg surface.  82 
 83 
PROTOCOL: 84 
 85 
1. Media and buffer preparation 86 
 87 
1.1. Prepare KB and LB media and agar plates as given in Table 1, and autoclave at 121 °C, 15 88 



   

psi, 20 min.  89 
 90 
1.1.1. Add 50 µg/mL filter-sterilized kanamycin and 300 µM filter-sterilized 2,6-diaminopimelic 91 
acid (DAP) to the autoclaved LB medium before culturing E.coli WM3064 + pRL27.  92 
 93 
1.1.2. Add 50 µg/mL filter-sterilized kanamycin to the autoclaved KB agar to pour plates needed 94 
for selecting successful B. gladioli Lv-StA transconjugants.  95 
 96 
1.2. Prepare 1x phosphate-buffered saline (PBS) by mixing the following components: NaCl 8 97 
g/L, KCl 0.201 g/L, Na2HPO4 1.42 g/L, and KH2PO4 0.272 g/L. Dissolve the salts in distilled water 98 
and autoclave the mixture at 121 °C, 15 psi, 20 min before use. Store at room temperature. 99 
 100 
1.3. Prepare a 2x Bind-and-wash buffer by dissolving the following components: 10 mM Tris-101 
HCl (pH 7.5), 1 mM ethylenediamine tetraacetic acid (EDTA), and 2 M NaCl in distilled water. 102 
Filter-sterilize the mixture before use. Store at room temperature. 103 
 104 
1.4. Prepare 1x Low-TE by dissolving 10 mM Tris-HCl (pH 8.0) and 0.1 mM EDTA in double-105 
distilled water. Sterilize by autoclaving at 121 °C, 15 psi, 20 min. Store at room temperature. 106 
 107 
2. Conjugation to generate the transposon mutant library 108 
 109 
[Place Figure 1 here] 110 
 111 
2.1. Under a sterile hood, inoculate a fresh donor culture of Escherichia coli WM3064 + pRL27 112 
in 10 mL of LB medium supplemented with kanamycin and DAP. Inoculate Burkholderia gladioli 113 
Lv-StA recipient cells in 5 mL of KB medium. Incubate the cultures at 30 °C overnight on a shaker 114 
at 250 rpm.  115 
 116 
2.2. After overnight growth, centrifuge 4 mL of each of the cultures at 9,600 × g for 6 min to 117 
pellet the cells. Discard the supernatant. 118 
 119 
2.3. Under a sterile hood, wash the pelleted cell cultures in KB medium containing DAP and 120 
finally resuspend the cultures separately in 4 mL of KB + DAP medium.  121 
 122 
2.4. In a fresh 15 mL tube, mix 250 µL of the washed E. coli donor cells with 1 mL of the washed 123 
B. gladioli Lv-StA recipient cells.  124 
 125 
2.5. Spot 10 µL of this conjugation cell mixture on KB agar plates containing DAP. Allow the plate 126 
to rest undisturbed in the sterile hood at room temperature for 1 h. Then, incubate the plates 127 
with the conjugation spots at 30 °C for 12–18 h. 128 
 129 
NOTE: The conjugation period can be adjusted according to the target species. However, a long 130 
conjugation period increases the risk for double insertions or plasmid integration into the 131 
genome. For slow-growing bacteria, allow for longer conjugation periods. 132 



   

 133 
2.6. After incubation, add 2–4 mL of 1x PBS into the plates under a sterile hood and use a cell 134 
scraper to release the grown bacterial conjugation spots from the agar. Pipette the conjugated-135 
cell–mix into 2 mL microfuge tubes.  136 
 137 
2.7. Pellet the cells by centrifuging at 9,600 × g for 2 min. Discard the supernatant and wash the 138 
pellet twice in 1 mL of 1x PBS by pipetting up and down. Resuspend the final pellet in 1200 µL of 139 
1x PBS. Make dilutions before plating if the number of cells in the mixture is above 1 × 104.  140 
 141 
2.8. Mix well and spread 200 µL of the cell mixture on large KB agar plates (6 or more, if required) 142 
supplemented with kanamycin and incubate at 30 °C overnight.  143 
 144 
NOTE: Target mutant colonies appear within 30 h on the selective agar plates. Due to the 145 
antibiotic resistance marker, only mutated colonies appear on the selective agar plate. Therefore, 146 
all colonies are expected to be successful transconjugants. 147 
 148 
2.9. Count the total number of transconjugant colonies on three plates and extrapolate to 149 
calculate the approximate number of mutants obtained in all the plates. To increase the chances 150 
of obtaining a representative library, ensure that the total number of colonies is several fold 151 
higher than the total number of genes in the genome. To confirm the success of conjugation, 152 
perform a PCR targeting the insertion cassette using 10–20 sample colonies, as described in 153 
section 3. 154 
 155 
NOTE: The aim is to ensure that the number of colonies is at least 10-fold the number of genes 156 
in the whole genome, in this case, >75,000 mutants. However, it is generally challenging to 157 
accurately estimate the number of colonies that would correspond to a fully representative 158 
library. Given that disruptions in essential genes are not captured, there are often multiple 159 
different mutation sites for the same gene, and mutations generated with Tn5 transposons are 160 
not entirely random. 161 
 162 
2.10. Under a sterile hood, scrape colonies from the plates by adding 1–2 mL of 1x PBS on the 163 
agar. Pool the cell mixture scraped off from the plates into 50 mL tubes. Vortex the library to mix 164 
thoroughly and then split 1 mL of the pooled mutant library into several cryotubes. Add 1 mL of 165 
70% glycerol to the tubes and store at -80 °C.   166 
 167 
3. PCR and gel electrophoresis to confirm successful insertions in B. gladioli Lv-StA 168 
 169 
3.1. To confirm the presence of the insertion, pick individual mutant colonies from the 170 
selection plates in step 2.9 and perform a PCR targeting the insertion cassette using the primers 171 
listed in Table 2. Prepare the PCR master mix according to Table 3 and set conditions in the 172 
thermal cycler as described in Table 4.  173 
 174 
3.2. Run the PCR products on a 1.6% agarose gel by electrophoresis (250 V, 40 min) to check 175 
if the amplified DNA fragments are of the expected length of 1580 bp. 176 



   

 177 
4. Mutant pool infection on beetle eggs 178 
 179 
4.1. Library washing steps 180 
 181 
4.1.1. Thaw an aliquot of the prepared mutant library on ice. Centrifuge at 2,683 × g for 10 min 182 
and remove the supernatant. Under a sterile hood, wash the cells with 4 mL of 1x PBS to remove 183 
any remaining medium from the cells. Resuspend the cells in 4 mL of 1x PBS.  184 
 185 
4.1.2. Count the number of cells in an aliquot of the library using a cell counting chamber. Dilute 186 
a part of the library to 2 × 106 cells/µL in 1x PBS.  187 
 188 
4.1.3. Vortex the library aliquot thoroughly to mix the whole library homogenously before 189 
taking the required volume. 190 
 191 
4.2. Egg clutch sterilization and in vivo infection 192 
 193 
4.2.1. Select an L. villosa egg clutch. Count the number of eggs and continue if the clutch 194 
contains more than 100 eggs. 195 
 196 
4.2.2. Sterilize the entire egg clutch.  197 
 198 
4.2.2.1. Add 200 µL of 70% ethanol and gently wash the eggs for 5 min. Remove the 199 
ethanol and wash the eggs twice with autoclaved water.  200 
 201 
4.2.2.2. Add 200 µL of 12% bleach (NaOCl) and gently wash the eggs for 30 s. Remove the 202 
bleach immediately and wash the eggs again three times with 200 µL of autoclaved water. 203 
 204 
4.2.3. Infect 2 × 106 cells/µL of the washed mutant library on the sterilized egg clutch (2.5 µL per 205 
egg). 206 
 207 
4.2.4. Two days after the infected beetle larvae hatch, collect 100 2nd instar larvae per 1.5 mL 208 
microfuge tube and store at -80 °C.  209 
 210 
4.3. In vitro mutant library control 211 
 212 
4.3.1. Under a sterile hood, inoculate 250 µL of 2 × 106 cells/µL in 10 mL of KB medium 213 
containing kanamycin. 214 
 215 
4.3.2. Incubate the in vitro mutant culture at 30 °C for 20 h. 216 
 217 
NOTE: Calculate the duration of incubation to match the approximate number of generations of 218 
WT B. gladioli Lv-StA in vivo during colonization.  219 
 220 



   

4.3.3. After the 20 h incubation, add an equal volume of 70% glycerol to the in vitro mutant 221 
culture and store it at -80 °C. 222 
 223 
5. Infected beetles and in vitro mutant library DNA extraction 224 
 225 
NOTE: DNA extractions were performed using a DNA and RNA purification kit according to the 226 
manufacturer’s protocol briefly outlined below. 227 
 228 
5.1. Homogenize pooled larvae (maximum of 4 mg per microfuge tube) by adding 1–2 mL of 229 
liquid nitrogen.  230 
 231 
5.2. Thaw the in vitro grown mutant cultures from glycerol stocks on ice. Pellet the cells by 232 
centrifuging at 9,600 × g for 10 min before cell lysis.  233 
 234 
5.3. Add 300 µL of Tissue and Cell lysis solution to the in vitro and in vivo samples. Add 5 µL of 235 
10 mg/mL Proteinase K, incubate the mix at 60 °C for 15 min, and then place on ice for 3–5 min.  236 
 237 
5.4. Add 150 µL of protein precipitation reagent to the lysates and vortex thoroughly. Pellet 238 
the protein debris by centrifuging at 9,600 × g for 10 min.  239 
 240 
5.5. Transfer the supernatant to a 1.5 mL microfuge tube. Add 500 µL of isopropanol to the 241 
supernatant and gently invert the tubes at least 40 times before incubating at -20 °C for 1 h or 242 
overnight. 243 
 244 
5.6. Pellet the precipitated DNA by centrifuging at 9,600 × g for 10 min. Discard the 245 
supernatant and add ice-cold 70% ethanol to the DNA pellet.  246 
 247 
5.7. Centrifuge at ≥10,000 × g for 5 min. Discard the supernatant and leave the samples to air-248 
dry for at least 1 h.  249 
 250 
5.8. Resuspend the DNA from the in vitro and in vivo samples in 100 µL of Low-TE buffer.  251 
 252 
5.9. Store the samples at -20 °C. 253 
 254 
6. Sequencing library preparation 255 
 256 
NOTE: The protocol and reagents for DNA library preparation are adapted and modified from the 257 
instructions provided by the manufacturer of the DNA library preparation kit. 258 
 259 
[Place Figure 2 here] 260 
 261 
6.1. Dilute the samples to 20 ng/µL concentration and volume of 100 µL and keep them on 262 
ice. 263 
 264 



   

6.2. Shear in vivo and in vitro sample DNA using an ultrasonicator. Set the ultrasonicator at 265 
70% power. Vortex the samples briefly and shear for 1 min 30 s.  266 
 267 
NOTE: The settings for the ultrasonicator will differ among instruments. In this case, the fragment 268 
size was 200–400 bp, which is appropriate for this sequencing approach of 150 bp, paired-end 269 
(see step. 9.1). The shearing parameters can be adjusted according to the experimenter’s 270 
requirements. 271 
 272 
6.3. Check if the DNA was sheared to the desired size range (in this case, 200–400 bp). Load 5 273 
µL of the unsheared and sheared DNA after mixing with gel loading dye in a 1:1 ratio on a 1.6% 274 
agarose gel run at 250 V for 40 min (Figure 3A,B). 275 
 276 
6.4. Preparation of fragment ends required for adapter ligation 277 
 278 
6.4.1. To 50 µL of the sheared DNA, add the end preparation reagents given in the library 279 
preparation kit: 3 µL of the enzyme mix and 7 µL of reaction buffer and mix well by pipetting. Set 280 
a thermal cycler with a heated lid at ≥ 75 °C and incubate the samples for 30 min at 20 °C and 30 281 
min at 65 °C. Hold at 4 °C. 282 
 283 
6.5. Adapter ligation 284 
 285 
6.5.1. For adapter ligation, add the following reagents to the products of the end preparation 286 
step: 30 μL Ligation Master Mix, 1 μL Ligation Enhancer, and 2.5 μL diluted Adapter. Mix 287 
thoroughly by pipetting and incubate the sample for 15 min at 20 °C in the thermal cycler with 288 
the heated lid off.  289 
 290 
6.5.2. After 15 min, add 3 μL of the enzyme (uracil DNA glycosylase + DNA glycosylase-lyase 291 
Endonuclease VIII) (see the Table of Materials). Mix well by pipetting and incubate the sample 292 
for 15 min at 37 °C in a thermal cycler with the lid heated at ≥47 °C. 293 
 294 
NOTE: The protocol can be paused at this step, and the samples can be stored at -20 °C. 295 
 296 
6.6. Size selection of adapter-ligated DNA targeting fragments of 250 bp 297 
 298 
6.6.1. Vortex the magnetic bead solution (see the Table of Materials) and place it at room 299 
temperature for 30 min before use.  300 
 301 
6.6.2. Add 0.3x of beads to 96.5 µL of the ligated DNA mixture and mix by pipetting thoroughly. 302 
Incubate the bead mixture for 5 min. 303 

 304 
NOTE: The presence of salts and polyethylene glycol in the bead mixture facilitates the 305 
precipitation of DNA fragments on the beads. A low ratio of beads to DNA molecules leads to the 306 
binding of only larger DNA fragments to the beads. In this case, DNA fragments above 250 bp in 307 
length are bound to the beads. 308 



   

 309 
6.6.3. Place the tubes on a magnetic stand to pull down the beads and remove DNA fragments 310 
of unwanted size. Let the beads settle for 5 min and then transfer the clear supernatant to a new 311 
microfuge tube (keep the supernatant). 312 
 313 
6.6.4. Add 0.15x of fresh beads to the supernatant and mix by pipetting well. Incubate the bead 314 
mixture for 5 min and then place the tubes on a magnetic stand to pull down the beads bound 315 
to the target DNA. Wait for 5 min and then discard the supernatant (keep the beads). 316 

 317 
NOTE: This ratio of beads to DNA leads to the binding of fragments of the desired 250 bp size. 318 
 319 
6.6.5. With the beads on the magnetic stand, add 200 μL of 80% ethanol (freshly prepared) and 320 
wait for 30 s. Pipette out and discard the ethanol wash carefully without disturbing the beads on 321 
the magnetic stand. Repeat this step. 322 
 323 
6.6.6. After the last wash, remove traces of ethanol from the beads and then air-dry the beads 324 
for 2 min until they appear glossy but not completely dried out. Do not over-dry the beads.  325 
 326 
6.6.7. Remove the tubes from the magnetic stand and add 17 μL of 10 mM Tris-HCl or 0.1x TE 327 
(Low-TE). Mix by pipetting ~10 times and incubate the mixture at room temperature for 2 min.  328 
 329 
6.6.8. Place the tubes back on the magnetic stand and wait for 5 min. Once the beads have 330 
settled down, transfer the DNA supernatant to a new tube. 331 
 332 
6.7. PCR I to add biotin tag to DNA fragments containing the insertion cassette 333 
 334 
6.7.1. Add a biotinylated primer tag to the DNA fragments containing the Tn5-insertion cassette 335 
by using the transposon-specific biotinylated primer (Table 5) and an index primer. Prepare the 336 
PCR master mix according to Table 6 and follow the PCR conditions for the thermal cycler listed 337 
in Table 7.  338 
 339 
6.8. Clean-up of PCR I without size selection 340 
 341 
6.8.1. Vortex 0.9x beads and place them at room temperature for at least 30 min before clean-342 
up.  343 
 344 
6.8.2. Add 0.9x beads to the PCR products and mix thoroughly.  345 
 346 
6.8.3. Place the beads on a magnetic stand to pull down the beads.  347 
 348 
6.8.4. Remove the clear supernatant and wash the bead-bound-DNA with 200 µL of freshly 349 
prepared 80% ethanol twice.  350 
 351 



   

6.8.5. Remove the ethanol after the wash steps and air dry the beads until they look glossy but 352 
not too dry.  353 
 354 
6.8.6. Add 32 µL of 10 mM Tris-HCl or 0.1X TE (Low-TE) and incubate the beads for 5 min. Place 355 
the mixture back on the magnetic stand and transfer the supernatant to a fresh microfuge tube.  356 
 357 
6.9. Binding biotinylated DNA fragments to streptavidin beads 358 
 359 
6.9.1. Resuspend 32 µL of streptavidin beads in 1x Bind-and-wash buffer. Wash the beads with 360 
the buffer three times while placed on a magnetic stand. 361 
 362 
6.9.2. Add 32 µL of 2x Bind-and-wash buffer and resuspend the beads. To this, add 32 µL of the 363 
cleaned-up PCR 1 products. Mix thoroughly and incubate at room temperature for 30 min.  364 
 365 
6.9.3. Place the bead-DNA mixture on a magnetic stand for 2 min. Pipette out the supernatant 366 
as biotin-tagged DNA containing the insertion edge binds to streptavidin on the beads. 367 
 368 
6.9.4. Wash the beads with 500 µL of 1x Bind-and-wash buffer and then wash the beads with 369 
200 µL of Low-TE. Resuspend the DNA-bound beads in 17 µL of Low-TE.  370 
 371 
6.10. PCR II to add adapters to the fragments containing the insertion cassette edge 372 
 373 
6.10.1. Prepare a master mix, as shown in Table 8, using the index primers and modified universal 374 
PCR primers listed in Table 5. Add 15 µL of the DNA-bound streptavidin beads from the previous 375 
step to the PCR mix. See Table 7 for the thermal cycler conditions. 376 
 377 
6.11. Clean up the PCR products without size selection as given in step 6.8 of this protocol. Elute 378 
the final DNA products in 30 µL of molecular-grade water. 379 
 380 
6.12. Store the samples at -20 °C and use them for sequencing. 381 
 382 
7. Sequencing and analysis 383 
 384 
7.1. Sequence the library using high-throughput sequencing technology. Adjust the 385 
sequencing depth depending on the transposon library size, as noted below. Assess the read 386 
quality with FastQC7. Select reads containing the Tn5-insertion edge on the 5' end of the read 387 
and remove the insertion edge sequence using Cutadapt8 and/or Trimmomatic9. 388 
 389 
NOTE: Here, a paired-end sequencing approach was used to target 150 bp per read and a total 390 
of 8 Mio reads. To obtain a representative dataset, ensure that the total number of sequenced 391 
reads exceeds the maximum possible number of mutants in the library, i.e., the total estimated 392 
number of colonies from step 2.9. As a reference, this protocol aimed for 40-fold of the maximum 393 
possible library size. Other successful studies using Tn-seq for a similar purpose sequenced a total 394 
number of reads close to 25-fold of the actual number of unique insertions in the corresponding 395 



   

mutant library22,23.  396 
 397 
7.2. Considering that mutations at the ends of genes are not functionally disruptive, trim 5% 398 
off both ends of gene annotations of the reference genome GFF file. Map the trimmed reads to 399 
the reference genome using Bowtie210.  400 
 401 
7.3. Calculate the number of insertions from the number of unique 5' positions in the 402 
alignment BAM file. 403 
 404 
7.4.  Using FeatureCounts11, obtain the number of hit genes for each replicate sample.  405 
 406 
7.5. Using the DESeq212 package in RStudio, calculate the difference in mutant abundances 407 
between different conditions.  408 
 409 
REPRESENTATIVE RESULTS: 410 
Host-associated bacteria can employ several factors to establish an association, including those 411 
mediating adhesion, motility, chemotaxis, stress responses, or specific transporters. While 412 
factors important for pathogen–host interactions have been reported for several bacteria13–18, 413 
including members of the genus Burkholderia19,20, fewer studies have explored the molecular 414 
mechanisms used by beneficial symbionts for colonization21–23. Using transposon insertion 415 
sequencing, the aim was to identify molecular factors that enable B. gladioli to colonize L. villosa 416 
beetles. 417 
 418 
Transposon-mediated mutagenesis was performed using the pRL27 plasmid, which carries a Tn5 419 
transposon and a kanamycin resistance cassette flanked by invert repeat sites. The plasmid was 420 
introduced into the target B. gladioli Lv-StA cells by conjugation with the plasmid donor E. coli 421 
WM3064 strain (as shown in Figure 1). After conjugation, the conjugation mix containing B. 422 
gladioli recipient and E. coli donor cells were plated on selective agar plates containing 423 
kanamycin. The absence of DAP on the plates eliminated the donor E. coli cells, and the presence 424 
of kanamycin selected for successful B. gladioli Lv-StA transconjugants. The pooled B. gladioli Lv-425 
StA mutant library obtained from harvesting the 100,000 transconjugant colonies on the plate 426 
was prepared for sequencing using a modified DNA library preparation kit and custom primers. 427 
Figure 2 highlights the DNA library preparation steps. Sequencing yielded 4 Mio paired reads; 428 
3,736 genes out of 7,468 genes in B. gladioli Lv-StA were disrupted. 429 
 430 
To identify mutants that were colonization-defective in the host, the B. gladioli Lv-StA mutant 431 
library was infected on the beetle eggs and grown in vitro in KB medium as a control. The in vivo 432 
colonization bottleneck size was calculated before the experiment. A known number of B. gladioli 433 
Lv-StA cells was infected on beetle eggs, and the number of colonizing cells in freshly hatched 434 
first instar larvae was obtained by plating a suspension from each larva and counting colony-435 
forming units per individual. These calculations were done to ensure that the number of 436 
colonizing cells is enough to assess all or a high percentage of the mutants in the library for their 437 
ability to colonize the host. Additionally, the growth time between in vitro and in vivo conditions 438 
was normalized based on the number of bacterial generations to make these samples 439 



   

comparable.  440 
 441 
After the eggs hatched, 1,296 larvae were collected in 13 pools. The corresponding in vitro 442 
mutant cultures were grown and stored as glycerol stocks. DNA of the in vivo and in vitro grown 443 
mutant libraries was extracted and fragmented in an ultrasonicator. Figure 3 shows the size 444 
distribution of the sheared DNA, where the majority of the fragments span between 100 and 400 445 
bp, as expected. This step was followed by the modified DNA library preparation protocol for 446 
sequencing. At each step of the protocol, the concentration of remaining DNA was checked to 447 
ensure that the steps were performed correctly and to track losses of DNA. A quality check (see 448 
the Table of Materials) before sequencing revealed that the DNA libraries contained 449 
unexpectedly large (>800 bp) DNA fragments, and this was more pronounced in the in vivo 450 
libraries. Given the difficulty in optimizing the clustering of fragments in the sequencing lanes, it 451 
was necessary to increase the sequencing depth to 10 Mio paired reads in the in vivo libraries to 452 
attain the desired number of reads. The analysis of the sequencing results revealed that an 453 
average of 4 Mio reads in the in vivo libraries and 3.1 Mio reads in the in vitro libraries contained 454 
the Transposon edge in the 5' end of Read-1 (Table 9), which was satisfactory for this experiment. 455 
The distribution of the 24,224 unique insertions across the B. gladioli genome in the original 456 
library is shown in Figure 4. An analysis carried out using DESeq2 revealed that the abundances 457 
of 271 mutants were significantly different between the in vivo and in vitro conditions.  458 
 459 
FIGURE AND TABLE LEGENDS: 460 
Figure 1: Conjugation protocol steps. The conjugation recipient Burkholderia gladioli Lv-StA (red) 461 
and donor Escherichia coli containing the pRL27 plasmid (pink) are grown in KB agar and LB, 462 
respectively, supplemented with kanamycin and DAP. After conjugative transfer of the plasmid 463 
for 12–18 h at 30 °C, the transconjugant B. gladioli cells are selected on KB containing kanamycin 464 
and pooled together. Abbreviations: DAP = 2,6-diaminopimelic acid; Kan = kanamycin.  465 
 466 
Figure 2: Schematic of the DNA library preparation steps. After shearing and adapter ligation, 467 
the modified protocol includes a streptavidin bead-selection step to enrich DNA fragments 468 
containing the insertion cassette.  469 
 470 
Figure 3: Agarose gels of a mutant and DNA libraries. (A) Agarose gel with unsheared DNA of a 471 
mutant in lane x and a 1 kbp ladder for scale. (B) Gel with sheared DNA library. The band sizes of 472 
the ladder in the first lane are indicated on the left side. The first three lanes a, b, and c contain 473 
sheared DNA fragments of the in vivo libraries. Lanes d, e, f, and g contain sheared DNA fragments 474 
of the in vitro libraries. 475 
 476 
Figure 4: Location of unique insertion sites in the original library across the four replicons in the 477 
Burkholderia gladioli Lv-StA genome. Each bar along the x-axis is located at a site of insertion. 478 
The height of a bar along the y-axis corresponds to the number of reads associated with that site. 479 
Note that the two chromosomes and two plasmids are shown in full length and thus have 480 
different scales on the x-axis. 481 
 482 
Table 1: Media components. 483 



   

 484 
Table 2: Primers to confirm the success of conjugation. 485 
 486 
Table 3: PCR master mix to confirm the success of conjugation. Abbreviations: HPLC = high-487 
performance liquid chromatography; dNTPs = deoxynucleoside triphosphate.  488 
 489 
Table 4: PCR conditions to confirm the success of conjugation. 490 
 491 
Table 5: Primers and adapter for PCR I and II during DNA library preparation.  492 
 493 
Table 6: DNA library preparation—PCR I master mix. 494 
 495 
Table 7: DNA library preparation—PCR I and II conditions. 496 
 497 
Table 8: DNA library preparation—PCR II master mix. 498 
 499 
Table 9: Summary of sequencing output and transposon insertion frequency per library. 500 
Abbreviation: PE = paired-end. 501 
 502 
DISCUSSION: 503 
A B. gladioli transposon mutant library was generated to identify important host colonization 504 
factors in the symbiotic interaction between L. villosa beetles and B. gladioli bacteria. The major 505 
steps in the protocol were conjugation, host-infection, DNA library preparation, and sequencing. 506 
 507 
As many strains of Burkholderia are amenable to genetic modification by conjugation24,25, the 508 
plasmid carrying the transposon and antibiotic insertion cassette was conjugated successfully 509 
into the target B. gladioli Lv-StA strain from E. coli. Previous attempts of transformation by 510 
electroporation yielded very low to almost no B. gladioli transformants. It is advisable to optimize 511 
the transformation technique for the target organism to efficiently yield a large number of 512 
transformants.  513 
 514 
One round of conjugation and 40 conjugation spots disrupted 3,736 genes in B. gladioli Lv-StA. 515 
In hindsight, multiple rounds of conjugation would be necessary to disrupt most of the 7,468 516 
genes and obtain a saturated library. Notably, the incubation time during conjugation was not 517 
allowed to exceed 12–18 h, which is the end of the exponential growth phase of B. gladioli. 518 
Allowing conjugation beyond the exponential growth phase of bacterial cells reduces the chances 519 
of success of obtaining transconjugants26. Therefore, the conjugation period should be adjusted 520 
according to the growth of the target bacterial species. 521 
 522 
To successfully carry out an experiment involving the infection of mutant libraries in a host, it is 523 
important to assess the bacterial population bottleneck size during colonization and the diversity 524 
of mutants in the library before infection1,2,27. In preparation for the experiment, we estimated 525 
the minimum number of beetles that must be infected to have a high chance that each mutant 526 
in the library is sampled and allowed to colonize. The approximate in vivo bacterial generation 527 



   

time and the number of generations for the duration of the experiment were also calculated. The 528 
in vitro culture was then grown up to a comparable number of generations by adjusting the 529 
incubation time. For a similar infection experiment in other non-model hosts, the ability to 530 
maintain a laboratory culture and a constant source of the host organisms is desirable. 531 
 532 
Following the growth of the mutant library in vivo and in vitro and sample collection, a modified 533 
DNA library preparation protocol for transposon insertion sequencing was carried out. The 534 
modification in the protocol involved designing custom PCR primers and adding PCR steps to 535 
select for DNA fragments containing the insertion cassette. Because the protocol was 536 
customized, additional PCR cycles in the protocol increased the risk of overamplification and 537 
obtaining hybridized adapter-adapter fragments in the end libraries. Hence, a final cleanup step 538 
(without size selection) after the two PCRs is recommended, as it helps in removing these 539 
fragments. The size distribution of the DNA libraries was still broader than expected. However, 540 
increasing the sequencing depth provided sufficient data that were filtered during bioinformatics 541 
analysis, obtaining satisfactory results. 542 
 543 
As transposon-mediated mutagenesis generates thousands of random insertions in a single 544 
experiment, it is possible to generate a saturated library of mutants that contains all except those 545 
mutants where genes essential for bacterial growth have been disrupted. We most likely did not 546 
work with a saturated mutant library, given the estimations of essential genes in other studies 547 
on Burkholderia sp.28,29. A non-saturated library nevertheless helps in exploring various candidate 548 
genes for further studies using targeted mutagenesis. Before the experiments, it is also important 549 
to remember that some transposons have specific insertion target sites that increase the 550 
abundance of mutants at certain loci in the genome30. Mariner transposons are known to target 551 
AT sites for insertion31, and Tn5 transposons have a GC bias32,33. Including steps during 552 
bioinformatics analysis to recognize hotspots for transposon insertions will help in assessing any 553 
distribution bias.  554 
 555 
Although prone to setbacks, a well-designed transposon insertion sequencing experiment can be 556 
a powerful tool to identify many conditionally important genes in bacteria within a single 557 
experiment. For example, a dozen genes in Burkholderia seminalis important for the suppression 558 
of orchid leaf necrosis were identified by combining transposon mutagenesis and genomics34. 559 
Beyond Burkholderia, several adhesion and motility genes and transporters have been identified 560 
as important colonization factors in Snodgrassella alvi symbionts of Apis mellifera (Honeybee)22, 561 
and in the Vibrio fischerii symbionts of Euprymna scolopes (Hawaiian bobtail squid)23 using the 562 
Transposon-insertion mutagenesis approach. As an alternative approach, transposon 563 
mutagenesis may be followed by screening for individual mutants using selective media instead 564 
of sequencing. Phenotypic screening or bioassays to identify deficiencies, such as motility, 565 
production of bioactive secondary metabolites, or specific auxotrophies, are feasible.  566 
 567 
For example, screening of a Burkholderia insecticola (reassigned to genus Caballeronia35) 568 
transposon mutant library has been key in identifying that the symbionts employ motility genes 569 
for colonizing Riptortus pedestris, their insect host36. Furthermore, using transposon mutagenesis 570 
and phenotypic screening, the biosynthetic gene cluster for the bioactive secondary metabolite 571 



   

caryoynencin was identified in Burkholderia caryophylli37. An auxotrophic mutant of Burkholderia 572 
pseudomallei was identified following transposon mutagenesis and screening and is a possible 573 
attenuated vaccine candidate against melioidosis, a dangerous disease in humans and animals38. 574 
Thus, transposon mutagenesis and sequencing is a valuable approach in studying the molecular 575 
traits of bacteria that are important for the interactions with their respective hosts in pathogenic 576 
or mutualistic associations.  577 
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Table 1

Peptone (soybean) 20 g/L

K2HPO4 1.5 g/L

MgSO4.7H2O 1.5 g/L

Agar 15 g/L

Tryptone 10 g/L

Yeast extract 5 g/L

NaCl 10 g/L 

King’s B medium/ agar

Dissolved in distilled water

LB medium/agar

Table 1 Click here to access/download;Table;Table-1_corrected.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1348745&guid=b7585160-2982-4721-8f5e-b5951a5c9322&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1348745&guid=b7585160-2982-4721-8f5e-b5951a5c9322&scheme=1


Table 2

No. Primers Sequence
PCR annealing

temp. (°C)

1 tpnRL17–1RC 5’-CGTTACATCCCTGGCTTGTT-3’

2 tpnRL13–2RC 5’-TCGTGAAGAAGGTGTTGCTG-3’
58.2
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Table 3

HPLC-purified water 4.92

10x Buffer S (high specificity) 1

MgCl2 (25 mM) 0.2

dNTPs (2 mM) 1.2

Primer 1 (10 pmol/µL) 0.8

Primer 2 (10 pmol/µL) 0.8

Taq (5 U/µL) 0.08

Mastermix total 9

Template 1
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Table 4

Steps Temperature °C Time Cycles

Initial Denaturation 95 3 min 1

Denaturation 95 40 s

Annealing 58.2 40 s 30 to 35

Extension 72 1-2 min

Final Extension 72 4 min 1

Hold 4 ∞
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Table 5

Primers Sequence Tm °C Use Source

Transposon-specific 

biotinylated primer

5’-Biotin-ACAGGAACACTTAACGGCTGACATG-3’ 63.5 6.7.1. PCR I Custom

Modified Universal PCR 

primer

5’- 

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGAT

CTGAATTCATCGATGATGGTTGAGATGTGT – 3’

62 6.10.1. PCR II Custom

Index primer 6.7.1. PCR I & 6.10.2. PCR 

II

NEBNext Multiplex Oligos 

for Illumina (Index primers 

set 1)

Adapter 6.5. Adapter ligation NEBNext Ultra II DNA 

library prep kit for Illumina

Refer to the manufacturer’s manual

Refer to the manufacturer’s manual
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Table 6

PCR mix (µL)

Adapter-ligated DNA fragments 15

NEBNext Ultra II Q5 master mix 25

Index primer (10 pmol/ µL) 5

Transposon specific biotinylated primer (10 pmol/ µL) 5

Total volume 50
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Table 7

Steps Temperature Time Cycles

Initial Denaturation 98 °C 30 s 1

Denaturation 98 °C 10 s

Annealing 65 °C 30 s

Extension 72 °C 30 s

Final Extension 72 °C 2 min 1

Hold 16 °C 

6 to 12

∞
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Table 8

PCR mix (µL)

Bead-selected DNA 15

NEBNext Ultra II Q5 master mix 25

Index primer 5

Modified universal PCR primer 5

Total volume 50
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Libraries Invivo-1 Invivo-2 Invivo-3 Invitro-1 Invitro-2 Invitro-3 Original library

No. of reads (PE) 5,657,710 3,919,051 3,065,849 3,573,494 2,883,440 3,661,956 4,609,410

No. of reads containing Tn – edge on 5’ end of Read-1 5,415,880 3,731,169 2,936,247 3,300,499 2,735,705 3,350,402 4,153,270

Bowtie2 overall alignment rate (%) (Read-1 only) 95.53% 83.71% 89.87% 80.79% 78.00% 73.06% 74.92%

Number of unique insertions 8,539 4,134 7,183 18,930 18,421 20,438 24,224

Number of genes hit 1575 993 1450 2793 2597 3037 3736
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We appreciate the constructive feedback from the editorial team and reviewers. Below please find 

the responses to each comment and indications of the corresponding modifications on the 

manuscript. 

 

Editorial comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. 

 

Completed. 

 

2. Please provide an institutional email address for each author. 

 

They have been added in line 14.  

 

3. Please provide at least 6 keywords or phrases. 

Added in line 16. 

4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.). 

 

We have revised and corrected the text accordingly. 

 

5. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. Please 

remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials. 

For example: falcon, Eppendorf, Illumina, NEBNext Ultra II, Bandelin, AMPure, etc. 

Company names were removed.  

6. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 

described in the imperative tense in complete sentences wherever possible. Avoid usage of 

phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that 

cannot be written in the imperative tense may be added as a “Note.” However, notes should be 

concise and used sparingly. Please include all safety procedures and use of hoods, etc. 

 

All recommended changes were made. 

 

7. For SI units, please use standard abbreviations when the unit is preceded by a numeral throughout 

the protocol. Abbreviate liters to L to avoid confusion. Examples: 10 mL, 8 µL, 7 cm2 

 

Checked and corrected. 

 

8. Line 91/106/130/163/168/173/176: Please convert centrifuge speeds to centrifugal force (x g) 

instead of revolutions per minute (rpm). 

 

Rpm units have been changed to centrifugal force. 
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9. For time units, please use abbreviated forms for durations of less than one day when the unit is 

preceded by a numeral. Do not abbreviate day, week, month, and year. Examples: 5 h, 10 min, 

100 s, 8 days, 10 weeks (line: 98, 99, 111, etc.) 

Correct abbreviations were included. 

10. Line 141-143: Please specify the volume of bleach used. Specify the volume of water used for 

washing. 

 

The corresponding volumes of bleach and water have been added. 

 

11. Line 160-161: How much liquid nitrogen is used for homogenizing the larvae. 

The volume of liquid nitrogen used has been added. 

12. Line 164: Please specify the conditions for lysis (temperature, time, etc.) 

The conditions for lysis were originally mentioned as the next step. For better understanding, the 

addition of lysis solution and conditions have been combined into the same step (5.3). 

13. Line 190: Please include more details agarose gel electrophoresis. Please specify the conditions. 

The conditions for gel electrophoresis were included. 

14. Line 236: Please specify the volume of ethanol. 

The volume of ethanol to add was included. 

15. Please include a one-line space between each protocol step and then highlight up to 3 pages of 

the Protocol (including headings and spacing) that identifies the essential steps of the protocol for 

the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. 

Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will 

still be available to the reader. 

Spaces between each step were added. Steps to be included in the video have been highlighted. 

16. Figure 1: Please maintain a single space between the numeral and (abbreviated) unit, except in 

cases of %, x, and ° (i.e., the degree sign; excluding temperature). Examples: 5 mL, 10%, 30 °C, 

Checked and corrected. 

17. Figure 2: Please remove the commercial terms and replace them with generic terms (e.g., Illumina) 

 

Checked and corrected. 

 

Reviewers' comments: 

Reviewer #1: 

Manuscript summary: 

In this paper, the authors described the protocol of transposon-insertion sequencing method in 

Burkholderia gladioli Lv-StA that is a symbiotic bacterium of the beetle Larginia villosa, to identify 



bacterial genes important for the symbiosis. As mentioned in this manuscript, many species and 

strains of the genus Burkholderia sensu lato establish symbiotic/pathogenic interactions with various 

their host species. The method described in this manuscript could be applied for such related bacteria. 

Therefore, this protocol would be useful for many researchers on microbial ecology, including host-

symbiont interactions. 

Although I have never conducted transposon-insertion sequencing actually, I could generally image 

the experimental procedure with this protocol in general. However, if I try to apply this protocol for 

my research, there are several ambiguous points for me. I list them in comments and suggestions 

below. Please consider them for easy understanding and application of this protocol by me and others. 

 

Minor comments and suggestions: 

1. L.41-43: These sentences might be better to be incorporated into the 2nd paragraph for easy 

understanding. 

Thank you for the suggestion, the lines were rearranged. 

2. L.42: "Tn-seq" should be spelled out at the first appearance. 

The correction was made. 

3. L. 55: The reference should be added. 

 

We have included the corresponding reference.  

 

4. L. 59-60: Why is this inconsistent with the result (L. 299)? 

This was an error. The correct value is the one mentioned in the results. The value in the 

introduction has been corrected. 

5. L.78, L.84: Is the autoclave condition the same as in L. 71-72? 

Yes, the conditions used for autoclaving are now included. 

 

6. L. 95: Section 2.4? 

The step numbers have been corrected. 

 

7. L.97-98: "rest on the table" is unclear. Do you mean "Keep the plate at room temperature for 1 

hour"? 

To prevent the liquid culture spots from merging we suggest to keep the plates undisturbed on 

the bench until the liquid is absorbed in the agar. This has been reworded in line 126-128. 

 

8. Section 3 (L.119-126): I suppose that we need to perform this before section 2.11. It should be 

mentioned clearly. Should I this test check for all colonies? If I find several colonies do not have 

any insertion, I cannot apply the procedure in L. 114? How should I scrape only positive colonies? 

 

Yes, the PCR described in Step-3 is performed before section 2.11. This is now mentioned in step 

2.9. (previously step 2.10.). Only a few sample colonies are to be tested, not all, as we now clarify. 

Since antibiotic selection plates are used, only those colonies that are resistant to the antibiotic 

kanamycin can grow on the agar since the transposon mediates insertion of a kanamycin 



resistance cassette at a random genomic location. The growth of colonies on kanamycin-

containing media strongly suggests that the conjugation was successful, and the PCR is an 

additional confirmation that the expected kanamycin resistance cassette was inserted. We hope 

the rewording in these sections makes this clear now. 

 

9. L. 126: Could you specifically mention the expected length? 

 

The length is now included on current line 165. 

 

10. L. 144-145: Do you mean that I should exactly count the number of eggs in 4.2.1? If so, it is better 

to be mentioned clearly. 

 

Yes. This is now explicitly mentioned on step 4.2.1. 

 

11. L. 146: 100 2nd-instar larvae 

 

Corrected. 

 

12. L. 165: The concentration of Proteinase K should be shown. 

 

The concentration has been added. 

 

13. L. 190: Is the desired size range 200-400 bp? 

 

Yes. The target sequencing length in this case was 150 bp, paired end. Selecting fragments at 200-

400 bp range is thus appropriate in this case. We have included a clarification directly on step 6.3. 

and a not in 6.2.  

 

14. L. 268-269: How should I perform this adjustment for my bacterium? It would be useful if you can 

mention it or provide references. 

We targeted a depth of 40-fold of the maximum possible number of unique insertions (100,000 

based on the CFU count from the generated library), i.e. 4 Mio read pairs will yield at least 40 read 

pairs per mutant, aiming to detect low-abundance mutants. As a reference, other studies (Brooks 

et al., 2014; Powell et al., 2016) sequenced to a lower depth of 1 Mio and 2 Mio reads, respectively, 

and had libraries of ~41,000 Vibrio fischeri and ~74,000 Snodgrasella alvi unique mutants. 

We have now added a note on step 9.1 to clarify this point, including references to the mentioned 

studies.  

15. L. 299: 7,468 genes? 

 

Thank you for this suggestion, the exact number has been now included. 

 

16. L. 317-318: What is the reason these unexpected fragments were produced? Do you expect this 

problem is specific to this bacterium? Discussion about this problem would be helpful for other 

researchers. 

 



The presence of fragments larger than expected is likely due to the additional PCR steps leading 

to overamplification, which were included in our customized protocol. This is indicated in 

paragraph 4 of the discussion and is not likely to be specific for this bacterium. An additional bead 

based clean-up step (without size selection) after the final step of the DNA library preparation 

protocol is recommended as given in lines 503-504. 

 

17. L.396-398: The mutant library generated in this study covers only half of the total genes 

(3736/7468). Do you think this library is saturated or not? Could you indicate how many times 

larger the number of mutants I need than the number of total genes for generating a saturated 

library?  

 

The library is indeed not saturated and we have now made this clear in the referred section (now 

lines 511-513). Also, we have indicated in step 2.9 of the protocol that it is desirable to include a 

number of mutant colonies that is notably higher than the number of genes in the genome. We 

aimed for at least 10-fold, i.e. above 75,000 mutants. However, it is generally challenging to 

accurately estimate the number of conjugation events that would generate mutations in all genes 

a priori. In our case, the library consists of 24,224 unique insertions, yet, as noted by reviewer 1, 

only 3,736 out of the 7,468 genes are functionally disrupted. Importantly, many mutations fall 

within the same genes and are thus functionally redundant. Also, as indicated in lines 517-518of 

the discussion, the Tn5 transposon that mediated the mutagenesis is expected to have a bias to 

GC regions in the genome and therefore insertions are not fully random. Finally, it is likely that 

disruptions having rapid lethal effects are not captured in our original library, which is in general 

a drawback of this approach if the aim is to evaluate every single gene in the context of the 

interaction with the host.    

 

18. Table 1: DAP should be removed from this table as like antibiotics. 

 

Thank you for the suggestion, DAP has been removed. 

 

19. Table 3: What is Buffer S? The concentration of all reagents (MgCl2, dNTPs, primers, ...) should be 

shown. Also, in other tables. 

 

Buffer S and the Q5 PCR master mix are ready-to-use reagents from a manufacturer. Buffer S is 

now added into the table of materials list. Reagent concentrations have been added in all the 

tables as well. 

 

Reviewer #2: 

Manuscript Summary: 

This is an interesting study that aims at elucidating essential genes of symbiotic Burkholderia gladioli 

in the beetle colonization. 

The Tn-seq approach is hot in the host-microbe research field. While I like this study in principle, I have 

concerns about the lack information of a method and a control below. 

 

Major Concerns: 



The bottleneck size is a serious problem especially in an in vivo Tn-seq (Chao et al., 2016 Nat Rev 

Microbial). It was described in the Line 304, but how is the in vivo bottleneck size determined in the 

beetle-Burkholderia symbiosis? 

We acknowledge that this is a relevant point, and have added a brief explanation of the method for 

calculating the bottleneck size in lines 413-418. A full explanation of the experiment assessing the 

bottleneck size and corresponding results are planned for publication in a separate manuscript. We 

prefer to refrain from including further details here, as we consider that these are not essential to 

understand the described procedure. 

Minor Concerns: 

Line 3-4: I believe that "the beetle host" should be added in the title 

The title has been modified accordingly. 

Line 7: affiliation 3 is missing. Add it in an appropriate position. 

Corrected. 

Line 25-26: Why are you interested in the beetle-Burkholderia symbiosis? I believe that it is a little 

abrupt here. 

Thank you for the suggestion, the abstract has been modified considering this point. 

Line 66: It appears that "several" is not an appropriate word in this sentence. 

We have rephrased this sentence.  

Line 108: It is a little ambiguous. If possible, it should be better to be more precious by using optical 

density. 

The corresponding cell count has been added since an OD was not previously estimated. 

Line 109-117: How many colonies is needed in a transposon library to cover the whole genome of B. 

gladioli? 

It is desirable to aim for a number of colonies that is considerably higher than the number of genes in 

the bacterium, in this case 7,468. We aimed for at least 10x, i.e. 75,000 mutants. However, it is 

generally challenging to estimate a priori the number of colonies that would cover the whole genome 

for several reasons. As indicated in lines 514-517of the discussion, the Tn5 transposon that mediated 

the mutagenesis is expected to have a bias to GC regions in the genome and therefore insertions are 

not fully random. That is, some genes might be more prone to suffer disruptions. Also, it is likely that 

disruptions having rapid lethal effects will not be captured in the original library.  We now mention in 

step 2.9 that it is desirable that the number of colonies is several fold higher than the number of genes 

in the whole genome. We also note the associated challenges in a corresponding note.   

Line 112-113: Is similar number of bacteria found on the plates? I believe that counting of the total 

number of bacteria in the library would be more precious when the bacteria are pooled into 50 mL 

falcon tubes. 

We appreciate this comment and have now noted on step 2.8 that the cell suspension should be well 

homogenized before plating, as this will ensure that there is a similar number on each plate, as was 

our case. Regarding the option of counting on the pooled stage, this would have an important issue. 

Each colony appearing on plate arises from a unique transconjugant cell. So the number of colonies 



on plate should give a rough estimate of number of mutants in the library. The pooled library, on the 

other hand, would be a mix of colonies and counting cells from this pool will make us miscount 

multiple clones of a unique mutant as different mutants. 

Line 146: I am not sure about "100 instar 2 larvae". Another description would be appropriate. 

Corrected. 

Line 156: In the DNA extraction step, is the RNase A treatment not need? 

Thank you for the suggestion. We however could not identify a reason for the presence of RNA to 

interfere with the procedure and results of the experiment, given that there are PCR amplification 

steps based on the DNA template. In our view, the step is indeed not needed.  

Line 189: Please explain in details about why your target size is 200-400 bp. 

The desired length of sequenced paired reads is 150 bp, with a distance between ends of a mate pair 

reads around 250 bp. Therefore shearing parameters were set to obtain 200 – 400 bp fragments. A 

brief explanation has been added to step 6.2. 

Line 191: The phrase is insufficient. 

We have replaced this subtitle for a more explicit one, thank you for the suggestion. 

Line 297: How many cells contain in the pooled Burkholderia mutant library? 

The CFU obtained from plate counting before pooling the library is 100,000. We have added this to 

line 442 .  

Fig.1 "+" in the phrase of E. coli + pRL27 should be normal, not italic. 

Corrected. 

Fig.2 There is no information about individual object. These explanation is needed. 

A description of each object (DNA strand, insertion cassette, adapters, etc.) has been added into fig. 2 

as a  legend.  

 

In the Fig. 3, could you add an agarose gel picture with the DNA library before shearing. It will be useful 

to understand that the DNA library is sheared by the ultrasonicator. 

A gel picture of unsheared DNA from a mutant has been added as fig. 3.a for comparison. 

Fig.4 this is just my curiosity, but transposon reads are less in the Plasmid 1 and Plasmid 2. Do you 

have any idea about that reason? 

Please note that because of their different sizes and the visualization of each complete replicon, the 

scale on the x-axis at which the chromosomes and the plasmids are shown is different. Therefore, at 

a first glance insertion sites could appear closer to each other in the chromosomes compared to the 

plasmids, which is not the case. We have added a note in the legend to bring awareness to this.  


