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SAturated Transposon Analysis in Yeast (SATAY) for Deep
Functional Mapping of Yeast Genomes

Agnès H. Michel and Benoı̂t Kornmann

Abstract

Genome-wide transposon mutagenesis followed by deep sequencing allows the genome-wide mapping of
growth-affecting loci in a straightforward and time-efficient way.
SAturated Transposon Analysis in Yeast (SATAY) takes advantage of a modified maize transposon that is

highly mobilizable in S. cerevisiae. SATAY allows not only the genome-wide mapping of genes required for
growth in select conditions (such as genetic interactions or drug sensitivity/resistance), but also of protein
sub-domains, as well as the creation of gain- and separation-of-function alleles. From strain preparation to
the mapping of sequencing reads, we detail all the steps for the making and analysis of SATAY libraries in
any S. cerevisiae lab, requiring only ordinary equipment and access to a Next-Gen sequencing platform.
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1 Introduction

Genome-wide saturated mutagenesis can be achieved in many
microbes by generating dense libraries of transposon insertion
mutants and identifying the insertion sites by deep sequencing.
The number of sequencing reads mapping to a defined genomic
location can then serve as a proxy for the fitness of the strain bearing
this particular mutation, in the conditions used [1]. Increased and
decreased fitness translate as increased and decreased number of
sequencing reads for these transposons. Therefore, in haploid gen-
omes, essential genes are typically devoid of sequencing reads.

A screen involves (1) inducing transposition in a chosen organ-
ism and strain, (2) growing and selecting the transposon mutants in
defined conditions, (3) harvesting the mutant library and extract-
ing genomic DNA, (4) amplifying the transposon–genome
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junctions selectively by PCR, (5) identifying the transposon inser-
tion sites by deep sequencing and mapping reads onto the reference
genome.

Such an approach has been developed and successfully used in a
variety of bacteria [1–4] and eukaryotic microbes (including
S. pombe [5], S. cerevisiae [6–8], S. uvarum [9], C. albicans
[10, 11], C. glabrata [12], R. toruloides [13], and P. pastoris
[14]), using various combinations of transposons/transposase sys-
tems, transposon–genome junction amplification methods, and
sequencing platforms (recently reviewed in ref. [15]).

Here we describe a protocol for SAturated Transposon Analysis
in Yeast (SATAY [6, 7]), which allows the rapid and effortless
generation and sequencing of high-density transposon libraries in
the budding yeast S. cerevisiae (Fig. 1). In SATAY, a modified
non-autonomous Maize transposon (MiniDs) interrupts the
ADE2 gene [16]. A galactose-induced hyperactive transposase
(Ac) mobilizes the transposon. Homology-directed repair of
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Fig. 1 Principle of the SATAY method. (a) Principle of transposon insertion screening. (b) Outline of the steps
involved in a SATAY screen. (c) Example data obtained by SATAY screens. This shows transposon insertion
sites in a section of S. cerevisiae genetic map. Screens were performed in different conditions/genetic
backgrounds. Data reveal essential genes (red dashed box), essential protein domains (magenta dashed box),
and genes necessary for growth in defined conditions (green dashed box)
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ADE2 then confers adenine prototrophy to the transposed cells. A
screen begins by transforming a plasmid (pBK549) encoding the
galactose-induced transposase, the ADE2 gene interrupted by the
MiniDs transposon and a URA3 selection marker, into an ade2-
ura3- strain [7]. After some sanity checks, transformed clones are
amplified and densely plated onto +galactose-adenine plates, allow-
ing for (1) the induction of the transposition and (2) the growth of
transposed Ade+ cells into colonies. These colonies are then
scraped off the plate, re-grown in +glucose -adenine medium
(plus any chosen environmental perturbation), before being pro-
cessed for DNA extraction, amplification, sequencing, and
mapping. Specific amplification of transposon–genome junction is
achieved by circular PCR. Simultaneous sequencing of multiple
libraries is achieved using the Illumina® system.

Optimized plating conditions yield 35,000–100,000 trans-
posed colonies per 9.0 cm Ø petri dish, meaning that 30–70 petri
dishes are sufficient to yield two million colonies. In our hands, this
number allows mapping of transposons at ~250,000–400,000
independent genomic locations, averaging a resolution of one
transposon every 50 bp [7].

Compared to synthetic genetic arrays and other high-through-
put mutagenesis methods, SATAY possesses significant advantages.
First, MiniDs targets the genome with little sequence specificity,
minimizing insertion biases [16]. Second, its insertion within a
gene does not preclude the expression of either the upstream or
downstream sequences, allowing not only the mapping of genes
required for growth in all or select conditions, but also of protein
sub-domains, as well as the creation of gain- and separation-of-
function alleles [6, 7, 17].

SATAY has been used to map genome-wide genetic interac-
tions, as well as to identify genes involved in resistance and sensitiv-
ity to various chemicals, yielding insight into processes as diverse as
signaling, organelle biology, lipid transport and metabolism, DNA
repair, and transcriptional regulation [6, 7, 17–21].

2 Materials

All solutions are made with MilliQ (MQ) water.

2.1 Equipment 1. UV-Vis Spectrophotometer.

2. Stereomicroscope with transillumination.

3. Bright field microscope with >10� long-distance objective.

4. Shaking incubator (needs to accommodate up to 5 L Erlen-
meyer flasks at 30 �C for yeast work, and culture tubes at 37 �C
for bacteria work).
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5. 30 �C static incubator (needs to accommodate at least 50 petri
plates).

6. 37 �C static incubator for bacteria work.

7. Horizontal gel electrophoresis apparatus.

8. Repeater pipette, 5-mL sterile tips.

9. Erlenmeyer flasks, sterile.

10. Bunsen burner.

11. Mini-Beadbeater (e.g., Disruptor Genie, Scientific Industrial).

12. Thermomixer.

13. Refrigerated microcentrifuge.

14. Centrifuge (needs to accommodate 50-mL centrifuge tubes at
600 � g and 1600 � g, and 500-mL centrifuge tubes at
1600 � g).

15. PCR thermocycler.

16. Optional: Hemocytometer (Neubauer Improved Hemocy-
tometer Counting Chamber).

2.2 Growth Media 1. 10� Amino Acid mix: 0.3 g/L L-Isoleucine, 3 g/L L-Valine,
0.4 g/L Adenine Hemisulfate salt, 0.2 g/L L-Arginine mono-
hydrochloride, 0.2 g/L L-Histidine monohydrochloride
monohydrate, 1 g/L L-Leucine, 0.3 g/L L-Lysine monohy-
drochloride, 0.2 g/L L-Methionine, 0.5 g/L L-Phenylalanine,
2 g/L L-Threonine, 0.4 g/L L-Tryptophan, 0.3 g/L L-Tyro-
sine, 0.2 g/L Uracil, 1 g/L L-Glutamic Acid monosodium salt
hydrate, 1 g/L L-Aspartic Acid sodium salt monohydrate. Dis-
solve under constant agitation and gentle heat (~1 h). Auto-
clave for 15 min at 121 �C. Store at 4 �C.

2. 10�Drop Out mix: 10� Amino Acid mix in which the chosen
component has been omitted.

3. 10� carbohydrate solution: 200 g/L of either D-(+)-glucose
(Dextrose), D-(+)-Galactose, or D(+)-Raffinose. Aid dissolution
by stirring on a heated (~40 �C) stirrer unit. Autoclave for
15 min at 121 �C. Store at room temperature.

4. 4� S solution: 6.8 g/L Yeast Nitrogen base (without Amino
Acid and Ammonium Sulfate), 20 g/L Ammonium Sulfate.
Autoclave for 15 min at 121 �C. Store at room temperature.

5. SC plates: dissolve 1.7 g Yeast Nitrogen base (without Amino
Acid and ammonium sulfate) with 5 g ammonium sulfate in
320 mLMQwater. In a separate flask, suspend 20 g granulated
agar in 500 mL MQ water. Autoclave both the solutions for
15 min at 121 �C. Combine under constant stirring, allowing
the mix to cool down to ~60 �C. Add 100 mL 10� carbohy-
drate solution and 100 mL 10� Drop Out mix (for instance,
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SC-D -ADE is obtained by adding 10� Dextrose solution and
10� -ADE Drop Out mix). Pour 25 mL in 9.0-cm Ø petri
dishes.

6. SC-Rd -URA liquid medium: 1� S solution, 1� -URA Drop
Out mix, 1� carbohydrate solution (Raffinose), 0.1� carbohy-
drate solution (Dextrose). Store at 4 �C.

7. SC-D -ADE liquid medium: 1� S solution, 1� -ADE Drop
Out mix, 1� carbohydrate solution (Dextrose). Store at 4 �C.

8. YPD: mix and autoclave 20 g BactoPeptone, 10 g Yeast
Extract, 55 mg Adenine Hemisulfate salt in 900 mL. Add
100 mL 10� Dextrose solution. Store at room temperature.

2.3 DNA Work 1. Filter pipette tips.

2. Nonstick microfuge tubes (e.g., Ambion).

3. Safe-Lock 1.5-mL microtubes.

4. Glass beads, 0.5 mm, unwashed.

5. PCR clean-up kit.

6. PvuII.

7. EcoRV.

8. DpnII.

9. NlaIII.

10. 5 Weiss Units/μL T4 ligase.

11. 5 U/μL Taq DNA Polymerase with ThermoPol Buffer (NEB).

12. 5� TBE: 0.45 M Tris–Base, 0.45 M Boric Acid, 0.01 M
EDTA, pH 8.0.

13. Cell Breaking Buffer: 2% Triton X-100, 1% SDS, 100 mM
NaCl, 100 mM Tris–HCl, pH 8.0, 1 mM EDTA. All stock
solutions autoclaved, except 100% Triton X-100.

14. Ultrapure Phenol:Chloroform:Isoamylalcohol 25:24:1.

15. 25 mM dNTPs Mix. Store at �20 �C as 50 μL aliquots.

16. TE: 10 mM Tris–HCl, pH 8.0, 1 mM EDTA.

17. Ethanol 100% and 70%.

18. 3 M Sodium Acetate, pH 5.2.

19. RNAse A:10mg/mLRNase A, 10mMSodium Acetate, 0.1M
Tris–HCl, pH 7.4. Vortex RNAse in Sodium Acetate. Boil for
15 min. Adjust pH to 7.4 by adding 1 mL 1 M Tris–HCl
pH 7.4. Aliquot in microtubes. Store at �20 �C.

20. 5 μg/μL Linear acrylamide.

21. Agarose for electrophoresis.
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2.4 Yeast Work 1. 9.0 cm Ø petri dishes.

2. 50-mL centrifuge tubes.

3. Corning® 500-mL PP Centrifuge Tubes with Plug Seal Cap.

4. Corning® 500-mL Polyetherimide Centrifuge Tube Cushions.

5. Wood toothpicks, sterile.

6. Glass pipettes, sterile.

7. Glass beads 3 mm.

8. Pasteur pipettes plain glass 230 mm.

9. 50% PEG 3350. Autoclave for 15 min at 121 �C. Store at room
temperature. Use within a month.

10. 1 M LiOAc. Autoclave for 15 min at 121 �C. Store at room
temperature.

11. 2 mg/mL salmon sperm DNA sodium salt. Dispense 1 mL
aliquots in sterile 1.5-mL microtubes. Incubate at 95 �C for
5 min to denature the double stranded DNA. Immediately
store at �20 �C. Thaw when needed, do not refreeze.

12. Transformation mix: 40% PEG3350, 0.1 M LiOAc, 0.3 mg/
mL salmon sperm DNA. Dispense 162 μL aliquots in 0.5-mL
sterile microtubes. Store at �20 �C. Use one aliquot per trans-
formation reaction. Thaw when needed, do not refreeze.

2.5 Sequencing 1. MiSeq Reagent Kit v3 (150 Cycles) (Illumina®) or NextSeq
500/550 Mid Output Kit v2.5 (150 Cycles) (Illumina®) or
NextSeq 500/550 High Output Kit v2.5 (75 Cycles)
(Illumina®).

2. PhiX Control v3 (Illumina®).

3. 1–200 μL Gel loading Tips, round (Exacta Cruz).

3 Methods

3.1 Generate Starting

Yeast Clones

3.1.1 Verify pBK549 by

Restriction Digest

1. Miniprep 4–10 colonies of pBK549 using your favorite mini-
prep procedure.

2. Digest 150 ng DNA with 20 units PvuII in a total volume of
20 μL.

3. Digest 150 ng DNA with 20 units EcoRV in a total volume of
20 μL.

4. Load 4 μL of each restriction digest on a 0.6% Agarose 1� TBE
electrophoresis gel. Run the gel for 1.5 h at 80 V then image.
Optional: run the gel for a further 30 min at 40 V.

5. Identify and proceed with the DNA preparations that contain
little or no recombined product (Fig. 2a–c, see Note 1).
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Fig. 2 The plasmid pBK549. (a) Map of the plasmid. Dashed lines represent homologies for repair of the
plasmid after transposon (MiniDs) excision. Stars represent mutations that make the Ac transposase
hyperactive. (b) Maps of recombinant species that appear spuriously in a transposase-independent manner,
both upon bacterial plasmid expansion and yeast growth. (c) Diagnostic restriction digests of two pBK549
preparations, one with little recombinant species and perfectly usable (left), the other with more recombinant
species (right). Fragment sizes for the diagnostic digest of the correct plasmid are, for EcoRV 5768, 3434 and
2284 bp, and for PvuII, 7036 and 4450 bp (marked with stars). Recombinant species 1 yields an EcoRV
fragment of 6498 bp, and PvuII fragments of 4450 and 2048 bp. Recombinant species 2 yields an EcoRV
fragment of 7140 bp, and PvuII fragments of 4450 and 2690 bp. (d) Streak of six independent pBK549-
transformed yeast clones. The colonies appearing rarely on -ADE plates indicate that the clone bears an intact
pBK549 (e.g., green sector) capable of generating Ade + progeny by spontaneous recombination. Clones that
fail to produce any colonies on -ADE (red sector) might bear an already recombined species that is
transposition-deficient. The clone in the green sector was then scraped off the -URA plate and processed
further (see Subheading 3.2.1)
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3.1.2 Transform pBK549

in Strains of Interest

1. Inoculate the strain(s) of interest in 5 mL YPD. Grow at 30 �C,
140–200 rpm until saturation (see Notes 2 and 3).

2. Measure the OD600 of each saturated culture. Dilute to OD600

0.2 in 20 mL fresh YPD. Incubate at 30 �C, 140–200 rpm until
the culture has reached OD600 0.8.

3. Spin each culture at 600 � g for 5 min at room temperature.

4. Discard the supernatants. Resuspend the cells in 20 mL sterile
MQ water and pellet the cells as above.

5. Discard the supernatants. Resuspend the cells in 1 mL sterile
MQ water, dispense 180 μL of cell suspension into a fresh 1.5-
mL microtube and pellet the cells as above.

6. Discard the supernatants. Add 16 μL pBK549 (7 ng/μL,
112 ng). Add 162 μL of transformation mix then mix well
using the same pipette.

7. Incubate at 30 �C for 30 min, no agitation.

8. Incubate at 42 �C for 20 min, no agitation.

9. Centrifuge at 600 � g for 5 min, room temperature.

10. Discard the supernatants. Resuspend each cell pellet in 1 mL
sterile MQ water. For each strain transformed, spread one SC-
D -URA plate with 200 μL of the resuspended cells.

11. Incubate at 30 �C for 2 days or until the colonies have reached
the desired size. Store the plates at 4 �C (see Note 4).

3.1.3 Selection of Yeast

Transformants

1. Streak 12–18 independent transformants on 2–3 SC-D-URA
and 2–3 SC-D -ADE plates (see Note 5).

2. Pursue with clones that produce a low but detectable back-
ground of Ade+ colonies (Fig. 2d) (see Note 6).

3.2 Transposition

3.2.1 Day 0

1. Scrape cells off selected sectors from the SC-D-URA plate and
inoculate 40–60 mL SC-Rd -URA at OD600 0.2 (see Notes
7–9).

2. Inoculate 3–5 pre-cultures from 3 to 5 independent sectors (see
Notes 3 and 10).

3. Grow at 30 �C for 16–20 h, with shaking at 160–200 rpm.

4. Take the SC-Gal -ADE (transposition plates) and SC-D -ADE
(control plates) plates from the cold room. Store these plates at
room temperature overnight (see Notes 11 and 12).

3.2.2 Day 1 1. Measure the OD600 of each pre-culture (see Note 13).

2. Optional. Take a small aliquot of each overnight culture, dilute
it 40,000� in sterile MQ water and plate 200 μL on one SC-D
and one SC-D -URA plate (see Note 14).
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3. Transfer the cells to a 50-mL centrifuge tube and centrifuge for
5 min at 600 � g at room temperature.

4. Calculate the concentration factor required to resuspend the
cells at OD600 40 and remove the appropriate volume of super-
natant using a pipette (see Notes 15 and 16).

5. Resuspend the cell pellet using the same pipette.

6. Arrange the SC-Gal -ADE plates in stacks of 10 plates. Dis-
pense 200 μL of cell suspension on each plate of the first stack.
Spread the cells with glass beads, keeping the plates horizontal
and using a gentle circular motion. Ensure that no area of the
agar surface has been missed in any of the plates (seeNote 17).

7. Repeat with the next set of 10 plates (see Note 18).

8. The liquid spread in point 6 above should now be fully
absorbed and the cells should form a uniform opaque film
covering the agar surface entirely (see Note 19). Gently shake
the stack of plates, this time using straight motions, two to
three times in four directions, keeping the plates horizontal.
Patterns on the agar surface become visible (see Notes 20
and 21).

9. Remove the beads immediately. Do not allow the beads to
remain on the agar surface.

10. Proceed with the next stack. Repeat until all plates have been
spread with the cells.

11. As a negative control, dispense 200 μL of the same cell suspen-
sion onto one SC-D -ADE plate. Spread as above (see
Note 22).

12. Store the plates in plastic sleeves loosely sealed with tape,
ensuring air circulation but preventing plates from drying out
during the long incubation period. Incubate at 30 �C until
ready to harvest (see Note 23).

3.2.3 Day 4 1. Observe the plates after 3 days of incubation. Draw a square
centimeter on the dish and count the number of clones
contained within it using a stereomicroscope (Fig. 3a).

3.2.4 Days 5–20 1. Observe the plates every 3–4 days for the appearance of new
colonies, for as long as 20 days (see Notes 24 and 25).

2. When no new colonies appear, estimate the final number of
transposed colonies and proceed to harvest (Fig. 3) (see
Note 26).
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3.3 Plate Harvest,

Library Expansion, and

Collection

3.3.1 Harvest the Plates

1. Proceeding five plates at a time, dispense 2 mL of SC-D -ADE
medium per plate using a glass pipette (see Note 27).

2. Scrape the cells off the surface of the plate using a rake (Fig. 3c,
see Note 28). Leave the plates tilted for the medium to collect
on one side.

3. Collect the cell suspensions using a pipette. Dispense into a
sterile container (see Note 29).

4. Proceed with the next five plates until all plates have been
harvested (see Note 30).

Fig. 3 Growth and harvest of transposed clones. (a) Appearance of Ade+
colonies in galactose (inducing transposase) and glucose (repressing
transposase) over time. Images are taken with a transilluminated
stereomicroscope. Scale bar, 1 mm. (b) General aspect of transposed SC
-ADE +Galactose plates after 17 days. Two genetic backgrounds (BY4741 and
W303-1B) yield colonies of different sizes and number. (c) Manufacturing of
harvesting rakes from long glass Pasteur pipettes. The opening of the pipette is
first closed (1), then a first ~90� bend is generated ~0.5 cm from the tip (2). A
second 45� bend is then generated ~4 cm from the tip in the same plane as the
first bend (3)
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3.3.2 Reseed 1. Mix the harvested cell suspensions well.

2. Measure the OD600 of each harvested cell suspension (see
Note 31).

3. Reseed the harvests in a total of 2 L SC-D -ADE at a density of
OD600 0.2 (~2E+06 cells/mL) (see Note 32).

4. Dilute an aliquot of the reseeded culture 1000�. Spread
200 μL on one SC-D and one SC-D -ADE plate using glass
beads. Incubate for 3 days at 30 �C. Count the colonies to
estimate the total number of cells, number of Ade + cells and
number of cells per transposition event reseeded (seeNote 33).

5. Incubate at 30 �C in a shaking incubator for 16–24 h,
140–200 rpm.

6. Optional. Determine the number of cells per transposition
event after re-growth of the library (see Note 34).

7. Optional. Dilute and re-grow the cultures to apply further
treatments (e.g., exposure to drugs [6, 7, 17–19] (see
Note 35).

8. Optional. Freeze the excess harvest for further use (see
Note 36).

3.3.3 Final Harvest 1. Collect at least 500 mL of saturated culture (OD600 ~ 4),
5 min, 1600� g, room temperature. Harvest the entire culture
if centrifuge space is not limited (see Note 37).

2. Resuspend each pellet in 150 mL MQ water. Centrifuge at
room temperature for 5 min, 1600 � g.

3. Weigh a 50-mL conical centrifuge tube.

4. Resuspend each pellet in 40 mL MQ water and transfer the
cells into the 50-mL tube.

5. Repeat the centrifugation, remove all the supernatant and
weigh the pellet by subtracting the tube’s weight from the
total weight.

6. Resuspend the pellet in an equal amount (weight/volume) of
MQwater. Distribute 1 mL in 1.5-mLmicrotubes, so that each
tube contains ~500 mg of cells in a dense suspension.

7. Centrifuge at room temperature for 5 min at 1600 � g or for a
few seconds at 16,000 � g. Remove all the supernatant using a
P1000 followed by a P200 pipette, store the 500mg cell pellets
at �20 �C until further use.

3.4 DNA Template

Preparation

3.4.1 Genomic DNA

Extraction

The procedure below works with high efficiency and is easy, but
generates phenol:chloroform waste. The method can be replaced
by commercial DNA isolation kits.

1. Resuspend 500 mg cell pellet in 500 μL of Cell Breaking
Buffer.
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2. Distribute the cell suspension into 280 μL aliquots in 1.5-mL
Safe-Lock microtubes.

3. For each aliquot: add ~300 μL 0.5 mm unwashed glass beads,
then 200 μL Phenol:Chloroform:Isoamylalcohol 25:24:1.

4. Ensure that no glass bead is stuck between the wall of the tube
and the cap, as this could prevent tight sealing and cause
leakage.

5. Vortex for 10 min at 4 �C using a Mini-Beadbeater.

6. Add 200 μL 1� TE to the lysate. Vortex briefly then centrifuge
for 5 min at 16,100 � g, 4 �C.

7. Transfer the clear upper layer (~400 μL) to a fresh 1.5-mL
tube, without disturbing the white interphase.

8. Add 2.5 vol (1 mL) of 100% Ethanol and mix by inversion.

9. Pellet the nucleic acids for 5 min at 16,100 � g, 20 �C (see
Note 38).

10. Pipette out as much supernatant as possible.

11. Pulse centrifuge to ensure that all the liquid collects at the
bottom of the tube.

12. Remove the remaining supernatant by pipetting.

13. Dilute 10 mg/mL RNase A to 250 μg/mL in MQ water.
Prepare 220 μL of 250 μg/mL RNase A per nucleic acid pellet.

14. Add 200 μL of 250 μg/mL RNase A on top of the pellet.

15. Incubate for 15 min at 55 �C, 1000 rpm. Vortex briefly to
completely resuspend the DNA pellet.

16. Pulse centrifuge to ensure that all the liquid collects at the
bottom of the tube.

17. Add 2.5 vol (500 μL) 100% Ethanol and 0.1 vol (20 μL) 3 M
Sodium Acetate, pH 5.2. Mix well by inversion or by pipetting.

18. Centrifuge for 5 min at 16,100 � g, 20 �C to pellet the DNA.

19. Pipette out as much supernatant as possible. Centrifuge briefly
to ensure that all the liquid collects at the bottom of the tube.
Pipette out the remaining supernatant.

20. Add 1 mL 70% Ethanol. Place the tube in the opposite orien-
tation to the previous centrifugation so that the pellet washes
through the 70% Ethanol and collects on the opposite side of
the tube. Centrifuge for 5 min at 16,100 � g, 20 �C.

21. Remove most of the supernatant using a P1000 pipette. Cen-
trifuge briefly to collect all the remaining 70% Ethanol to the
bottom of the tube, then remove it entirely using a P20 pipette.

22. With the microtube cap open, dry the pellet for 10 min at
37 �C.
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23. Distribute a total of 200 μL MQ water equally to all samples.
Resuspend the pellets completely for 20–40 min at 55 �C on a
thermomixer shaking at 700 rpm. Pool the resuspended geno-
mic DNA aliquots.

3.4.2 Genomic DNA

Quantification on Gel (See

Note 39)

1. Cast a 0.6% Agarose 1� TBE electrophoresis gel.

2. Mix one volume of 6� home-made or commercial loading dye
buffer with 3 volumes MQ water to make a working loading
dye solution.

3. Dilute 2 μL gDNA prep with 18 μL of loading buffer prepared
above.

4. Load various amounts of 1 kb GeneRuler™ and 5 μL of each
diluted gDNA sample (Fig. 4a, see Note 40).

5. Run the gel for 1.5 h at 80 V and image the gel avoiding
saturation (see Note 41).

6. Quantify using Fiji/ImageJ [22] as shown in Fig. 4a, b.

3.4.3 Genomic DNA

Digestion with NlaIII

and DpnII

1. In parallel, digest 2 μg of genomic DNA with 50 units of
DpnII, and 2 μg with 50 units of NlaIII. Both digestions take
place overnight in 50 μL at 37 �C in Nonstick microfuge tubes.

2. Heat-inactivate the reactions for 20 min at 65 �C.

3. Run 2 μL (80 ng) of each reaction on a 1% Agarose 1� TBE
electrophoresis gel (Fig. 5a, b).

4. The digested DNA can be stored at �20 �C until further use.

3.4.4 Digested gDNA

Circularization

1. To the tube containing 48 μL digested DNA, add in the
following order (see Note 42).

(a) 307 μL MQ water.

(b) 40 μL 10� T4 ligase buffer, mix well.

(c) 5 μL T4 ligase, mix gently.

2. Incubate for 6 h at 22 �C.

3. Add 40 μL 3 M Sodium Acetate pH 5.2, 1 μL (5 μg) linear
acrylamide and mix well (see Note 43).

4. Add 1 mL 100% Ethanol, mix well. Precipitate overnight or
longer at �80 �C.

5. Centrifuge for 20 min at 16,100 � g, 4 �C.

6. Remove as much supernatant as possible without touching the
pellet.

7. Add 1 mL 70% Ethanol. Break the pellet using a pipette.

8. Centrifuge for 20 min at 16,100 � g, 20 �C.
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9. Remove most of the supernatant using a P1000 pipette. Pulse
centrifuge and remove the remaining supernatant completely
using a P20 pipette.

10. With the microtube cap open, dry the pellet for 10 min at
37 �C.

11. Add 105 μL MQ water, incubate at 55 �C for 15–30 min with
optional shaking at 1000 rpm.

12. The ligated DNA can be stored at �20 �C until further use.

3.5 Library

Amplification

3.5.1 Primer Design

1. Each library is amplified using primer P5_MiniDs (common to
all libraries) and two unique indexed primers (P7_(index)_-
MiniDs), one for the NlaIII sub-library and the other for the
DpnII sub-library. The indexed primers are designed to specifi-
cally amplify the transposon-genome junctions and to generate
products adapted to the Illumina® sequencing platforms
(Fig. 5a, Table 1).

2. Choose the best-suited sequencing platform according to avail-
ability, number and complexity (number of clones) of libraries,
and budget (see Note 44).

3. Choose combinations of indexes for the sequencing of pooled
libraries according to Illumina®’s recommendations [23–25]
(see Note 45).

4. Resuspend all primers as 100 μM stock solutions in sterile MQ
water on a Thermomixer at 55 �C shaking at 1000 rpm for
10 min. Store aliquots at �20 �C.

3.5.2 PCR and

Purification

1. Prepare one large reaction per sample by mixing the following
reagents in the indicated order: 847.55 μL MQ water, 115 μL
10� ThermoPol Buffer, 9.2 μL 25 mM dNTPs, 11.5 μL
Primer P5_MiniDs 100 μM, 11.5 μL Indexed Primer P7_
(index)_MiniDs 100 μM, 40.25 μL (17.5 units) Taq DNA
Polymerase. Omit the template at this stage.

2. Dispense 90 μL of the PCRmix in a fresh PCR tube. Add 10 μL
MQ water to make a no-template negative control.

3. Add the remaining master mix into the thawed 105 μL aliquot
of template DNA. Mix well using a P1000 pipette.

4. Aliquot 100 μL of reaction into 10 PCR tubes (or 125 μL into
a strip of 8 PCR tubes).

5. Run the following PCR cycle: 95 �C 1 min [95 �C 30 s, 55 �C
30 s, 68 �C 3min]� 35 cycles, 68 �C 10 min, 15 �C final hold.

6. Pool the reactions corresponding to the NlaIII-digestion.

7. Pool the reactions corresponding to the DpnII-digestion. Keep
the NlaIII and DpnII pools separate.
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8. Run 2 μL of each pool and 2 μL of corresponding negative
controls on a 1% agarose gel, 1� TBE (see Note 46).

9. Purify 100 μL of each PCR pool using a PCR purification kit to
generate the NlaIII and the DpnII sub-libraries (see Note 47).

10. Run 2 μL of each sub-library on a 1% agarose gel, 1� TBE
(Fig. 5c).
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Fig. 5 Library sequencing. (a) Outline of the molecular biology steps. (b) Gel
electrophoresis of genomic DNA before and after restriction digestion with
indicated enzymes. (c) Gel electrophoresis of purified PCR products. The bands
at 867 and 465 bp correspond to intact (untransposed) pBK549
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Table 1
Primers

Name Sequence Use

Ade2PriFwd GTATAAATTGGTGCGTAAAATCGTTGGATCTCTCTTCTAA

cggatccccgggttaattaa

Delete ADE2

Ade2PriRev TATGTATGAAGTCCACATTTGATGTAATCATAACAAAGCC
gaattcgagctcgtttaaac

Delete ADE2

P5_MiniDs AATGATACGGCGACCACCGAGATCTACtccgtcccgcaagttaaata Amplify library

P7_D701_MiniDs caagcagaagacggcatacgagatCGAGTAATacgaaaacgaacgggataaaa Amplify and
barcode

library

P7_D702_MiniDs caagcagaagacggcatacgagatTCTCCGGAacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_D703_MiniDs caagcagaagacggcatacgagatAATGAGCGacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_D704_MiniDs caagcagaagacggcatacgagatGGAATCTCacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_D705_MiniDs caagcagaagacggcatacgagatTTCTGAATacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_D706_MiniDs caagcagaagacggcatacgagatACGAATTCacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_D707_MiniDs caagcagaagacggcatacgagatAGCTTCAGacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_D708_MiniDs caagcagaagacggcatacgagatGCGCATTAacgaaaacgaacgggataaaa Amplify and
barcode

library

P7_D709_MiniDs caagcagaagacggcatacgagatCATAGCCGacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_D710_MiniDs caagcagaagacggcatacgagatTTCGCGGAacgaaaacgaacgggataaaa Amplify and
barcode

library

P7_D711_MiniDs caagcagaagacggcatacgagatGCGCGAGAacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_D712_MiniDs caagcagaagacggcatacgagatCTATCGCTacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_N701_MiniDs caagcagaagacggcatacgagatTCGCCTTAacgaaaacgaacgggataaaa Amplify and

barcode

library

(continued)
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Table 1
(continued)

Name Sequence Use

P7_N702_MiniDs caagcagaagacggcatacgagatCTAGTACGacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N703_MiniDs caagcagaagacggcatacgagatTTCTGCCTacgaaaacgaacgggataaaa Amplify and
barcode

library

P7_N704_MiniDs caagcagaagacggcatacgagatGCTCAGGAacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N705_MiniDs caagcagaagacggcatacgagatAGGAGTCCacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_N706_MiniDs caagcagaagacggcatacgagatCATGCCTAacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N707_MiniDs caagcagaagacggcatacgagatGTAGAGAGacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_N710_MiniDs caagcagaagacggcatacgagatCAGCCTCGacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N711_MiniDs caagcagaagacggcatacgagatTGCCTCTTacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N712_MiniDs caagcagaagacggcatacgagatTCCTCTACacgaaaacgaacgggataaaa Amplify and
barcode

library

P7_N714_MiniDs caagcagaagacggcatacgagatTCATGAGCacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N715_MiniDs caagcagaagacggcatacgagatCCTGAGATacgaaaacgaacgggataaaa Amplify and
barcode

library

P7_N716_MiniDs caagcagaagacggcatacgagatTAGCGAGTacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N718_MiniDs caagcagaagacggcatacgagatGTAGCTCCacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_N719_MiniDs caagcagaagacggcatacgagatTACTACGCacgaaaacgaacgggataaaa Amplify and

barcode

library

(continued)
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11. Quantify the purified products using a UV-spectrophotometer
(see Note 48).

3.6 Sequencing Refer to Illumina® system guides for handling of reagents and run
set up (Chap. 3 Sequencing in refs. [26, 27]).

SATAY-specific instructions are indicated below.

Table 1
(continued)

Name Sequence Use

P7_N720_MiniDs caagcagaagacggcatacgagatAGGCTCCGacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N721_MiniDs caagcagaagacggcatacgagatGCAGCGTAacgaaaacgaacgggataaaa Amplify and
barcode

library

P7_N722_MiniDs caagcagaagacggcatacgagatCTGCGCATacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N723_MiniDs caagcagaagacggcatacgagatGAGCGCTAacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_N724_MiniDs caagcagaagacggcatacgagatCGCTCAGTacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N726_MiniDs caagcagaagacggcatacgagatGTCTTAGGacgaaaacgaacgggataaaa Amplify and

barcode
library

P7_N727_MiniDs caagcagaagacggcatacgagatACTGATCGacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N728_MiniDs caagcagaagacggcatacgagatTAGCTGCAacgaaaacgaacgggataaaa Amplify and

barcode

library

P7_N729_MiniDs caagcagaagacggcatacgagatGACGTCGAacgaaaacgaacgggataaaa Amplify and
barcode

library

688_minidsSEQ1210 TTTACCGACCGTTACCGACCGTTTTCATCCCTA Sequence

transposon-

genome
junction

Custom_index1 GGTTTTCGATTACCGTATTTATCCCGTTCGTTTTCGT Sequence

barcode in

barcoded

library

All primers stored at�20 �C as 100 μM inMQwater. All primers ordered desalted, except P5_MiniDs (Desalted, PAGE,

or HPLC purified), 688_minidsSEQ1210 (HPLC), Custom_index1 (HPLC). All primers ordered lyophilized
aOligonucleotide sequences© 2016 Illumina, Inc. All rights reserved. Derivative works created by Illumina customers are
authorized for use with Illumina instruments and products only. All other uses are strictly prohibited
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3.6.1 Combine Libraries

to Be Sequenced Together

1. Mix equal concentrations of the NlaIII and DpnII sub-libraries
to generate a library (see Note 49).

2. If mixing multiple libraries, adjust their amount in the pool so
that the number of molecules per transposition event is kept
constant (see Note 50).

3. Quantify the pooled sample using a spectrophotometer (see
Note 48). Confirm that the concentration is as expected.

4. Estimate the molarity of the pooled sample using the following
estimate for the average molecular weight of PCR products:
500 bp � 650 g/(mole � bp) ¼ 325,000 g/mole.

3.6.2 Library Preparation 1. Denature and dilute SATAY library and PhiX control to 20 pM
in HT1 buffer according to manufacturer recommendations
(Protocol A [27, 28]) (see Note 51).

2. Combine the denatured SATAY library with 1% denatured
PhiX control v3 to the following final volumes and concentra-
tions in pre-chilled HT1 buffer (see Note 52). The library is
ready to load.

l MiSeq Kit v3 (150 cycles). 20 pM denatured DNA in
650 μL.

l NextSeq 500/550 High Output Kit v2.5 (75 cycles).
2.6–3 pM denatured DNA in 1350 μL.

l NextSeq 500/550 Mid Output Kit v2.5 (150 cycles).
2.5 pM denatured DNA in 1350 μL.

3.6.3 Loading of Library 1. Miseq Kit v3 (150 cycles). Load 600 μL into Load Samples
well [28].

2. NextSeq 500/550 High Output Kit v2.5 (75 cycles). Load
1.3 mL into well 10 [29].

3. NextSeq 500/550 Mid Output Kit v2.5 (150 cycles). Load
1.3 mL into well 10 [29].

3.6.4 Loading of

Sequencing Primer

(Sequencing of the

Transposon–Genome

Junctions)

1. MiSeq Kit v3 (150 cycles). Load 3.4 μL of 100 μM Primer
688_minidsSEQ1210 into well 12 [30] (see Note 53).

2. NextSeq 500/550 High Output Kit v2.5 (75 cycles). Load
5.16 μL of 100 μM Primer 688_minidsSEQ1210 into well
20 [30].

3. NextSeq 500/550 Mid Output Kit v2.5 (150 cycles). Load
4.02 μL of 100 μM Primer 688_minidsSEQ1210 into well
20 [30].

3.6.5 Loading of Custom

Index Primer (Sequencing

of Indexes)

1. MiSeq v3 (150 cycles). Load 600 μL of 0.5 μM Primer Custo-
m_index1 diluted in pre-chilled HT1 buffer, into well 19 (sec-
tion Preparing and Loading Custom Primers in ref. [31]).

2. NextSeq 500/550 High Output Kit v2.5 (75 cycles). Load
2 mL of 0.3 μM Primer Custom_index1 diluted in pre-chilled
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HT1 buffer, into well 9 (section Prepare and Add Custom
Primers in ref. [32]).

3. NextSeq 500/550 Mid Output Kit v2.5 (150 cycles). Load
2 mL of 0.3 μM Primer Custom_index1 diluted in pre-chilled
HT1 buffer, into well 9 (section Prepare and Add Custom
Primers in ref. [32]).

3.6.6 Instrument Setup 1. Generate a sample sheet following standard procedures (for
instance, using Illumina® Experiment Manager, IEM), with
the following parameters:

Miseq:

(a) Index Reads: 1.

(b) Read Type: Single Read.

(c) Cycles Read 1: 76 (see Note 54).

(d) Workflow: FastQ only.

(e) FastQ Only Workflow-Specific Settings: √ Custom
Primer for Index.

NextSeq:

(a) Index Reads: 1.

(b) Read Type: Single Read.

(c) Read Length: Read 1 ¼ 76, Read 2 ¼ 0, Index 1 ¼ 8,
Index 2 ¼ 0.

(d) Custom Primers: √ Index 1.

(e) Workflow: FastQ only.

2. Upload the Sample Sheet to the instrument.

3. Run the sequencing reaction.

3.7 Analysis The analysis is performed using R and Bioconductor packages
ShortRead [33], Rsamtools [34], and Rbowtie [35, 36].

The sequencing run generates one or more FASTQ file [37]
per indexed sub-library (depending on the instrument). The analy-
sis is conducted on raw FASTQ files directly.

You can either run an R script (Subheading 3.7.1, seeNote 55)
or use a web server (Subheading 3.7.2).

3.7.1 Reads Mapping

Using R Script

1. Install a working copy of Rstudio (https://www.rstudio.com/)
or any other R working environment.

2. Download the Fastq.gz files from the sequencing machine or
service and store them into a dedicated folder locally (fas-
tqFolder) (see Note 56).

3. Download the analysis script (Supplement File 1), or if you
want to be guided through the analysis, download the
corresponding R notebook (Supplement File 2).
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4. Download a copy of the genome annotation (saccharomyces_-
cerevisiae_R64–2-1_20150113.gff) from the https://
yeastgenome.org website and save it in a dedicated folder
(genomepath). The indexed genome sequence used by the
script will also be stored in this folder.

5. Edit the script under the section “Declare variables” so as to
point to your fastqFolder and genomepath.

6. Run the script.

3.7.2 Reads Mapping

Using Web Server

1. Download the Fastq.gz files and store them into a folder
locally.

2. Generate *.zip or *.tar.gz archive files, one file per sample.

3. Upload each archive individually on the web server at https://
kornmann.bioch.ox.ac.uk/satay/submission.html.

4. Download the resulting *.bed, *.wig, and *pergene.txt files.
The *pergene.txt contains the number of transposon and reads
mapping to all ORFs (see Note 57).

3.7.3 Visualizing

Transposon Maps

1. Open a browser and head to http://genome-euro.ucsc.edu/
cgi-bin/hgTracks?hgS_doOtherUser¼submit&hgS_
otherUserName¼benjou&hgS_otherUserSessionName¼23
bDePuYrk [38].

2. Click “Manage Custom Tracks” the “add custom track.”

3. Click “Browse” and select the *.bed or *.wig file from the
previous analysis, then click submit.

4. Click on “go” and adjust zoom level in the genome browser.

5. Adjust displayed tracks and settings as per genome-browser’s
documentation.

4 Notes

1. pBK549 recombines occasionally in a transposase-independent
manner, both in bacteria (including recA-strains) and in yeast.
The resulting species are transposition-deficient. The presence
of some amount of recombined species in a pBK549 DNA prep
is not an issue. Yeast clones that inherit them by transformation
will be eliminated before starting the screen (Subheading
3.1.3). The highest the amount of recombined species relative
to intact pBK549, the more yeast transformants you will need
to check. Plasmid preps containing a mixture of species can be
purified by retransformation in E. coli. To keep the amount of
recombined pBK549 species as low as possible, we
recommend to:

(a) Systematically verify new plasmid DNA preps.

(b) Extract plasmid DNA from isolated bacteria colonies only.

370 Agnès H. Michel and Benoı̂t Kornmann

https://yeastgenome.org/
https://yeastgenome.org/
https://kornmann.bioch.ox.ac.uk/satay/submission.html
https://kornmann.bioch.ox.ac.uk/satay/submission.html
http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=benjou&hgS_otherUserSessionName=23bDePuYrk
http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=benjou&hgS_otherUserSessionName=23bDePuYrk
http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=benjou&hgS_otherUserSessionName=23bDePuYrk
http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=benjou&hgS_otherUserSessionName=23bDePuYrk
http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=benjou&hgS_otherUserSessionName=23bDePuYrk
http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=benjou&hgS_otherUserSessionName=23bDePuYrk
http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=benjou&hgS_otherUserSessionName=23bDePuYrk


(c) Inoculate the bacteria culture from a colony, not a
pre-culture (even for MidiPrep).

(d) Freeze an aliquot of bacteria culture in 30% glycerol,
immediately after taking it out of the incubator. Use
stocks corresponding to DNA preps that satisfy quality
control to produce more DNA preps.

2. The strains must be ura- ade-. Strains such as W303 are ade2-
and can be used as is. Deletion of ADE2 (56 nt before ATG to
62 nt after the STOP) can be achieved using primers Ade2-
PriFwd and Ade2PriRev (Table 1) on any template from
ref. [39].

3. SATAY will pick up genetic interactions with secondary muta-
tions spuriously present in a transposed strain. We recommend
generating independent strains of the genotype of interest, if
possible. Thanks to barcoding, each library can be divided into
sub-libraries, providing biological replicates. The important
and most labor-intensive step is to obtain a total of 2–4 million
independent clones per condition/genotype (seeNotes 16 and
26).

4. Transformation plates can be used for up to 1 month, after
which we recommend freshly re-transforming the vector.

5. Here the goal is not to obtain isolated colonies but to propa-
gate the transformants and check for spontaneous recombina-
tion. A small percentage of transformed cells will receive
recombined species 1 or 2 and grow into clones that are
transposition-deficient (Fig. 2b). These clones can be distin-
guished from clones harboring intact plasmids by streaking on
-ADE medium. Clones bearing intact plasmids will yield a few
(1–20) Ade+ colonies by spontaneous (transposase-
independent) homologous recombination, while those bearing
recombined species 1 and 2 will fail to yield any Ade + progeny.
The ability to produce a few Ade+ colonies is a means to
recognize transposition-proficient clones than can be used fur-
ther. Use a flat toothpick to pick an isolated colony from the
transformation plate, make a thick streak on SC-D-ADE first,
then on SC-D-URA. Proceed to spread on the SC-D-URA
plate with the same toothpick. Use a fresh toothpick to spread
on the SC-D-ADE plate.

6. To minimize any further appearance of Ade + spontaneous
recombinants, store the streaked SC-D-URA plates at 4 �C
and use within a week. Beyond a week, repeat the verification
procedure directly from the transformation plate.

7. Scrape the cells using a tip mounted on a P1000 pipette.
Inoculate in a 1.5-mL microtube pre-filled with 1 mL sterile
MQ water. Pipette the cells up and down to mix them well.
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Measure the OD600 of a 50� dilution of this cell suspension.
Calculate the volume of cell suspension required to inoculate
40–60 mL SC-Rd-URA medium at OD600 0.2.

8. One OD600 unit for cells scraped from a plate corresponds to
~1.6E+07 cells. One 1/6-plate sector is enough to inoculate
40–60 mL at OD600 0.2.

9. The 0.2% glucose allows for a smooth diauxic transition from
glucose to raffinose. The pre-culture in raffinose primes cells for
subsequent galactose induction by minimizing glucose
repression.

10. 2 mL of saturated (OD600 ~ 4) pre-culture per transposition
plate or 100 mL for 50 plates.

11. The goal is to ensure that the plates are dry before plating.
Plating on moist plates will result in a long drying time and
inhomogeneous plating.

12. The number of SC-Gal -ADE (transposition) plates required
depends on the transposition efficiency, which may vary with
the genetic background. Aim to obtain 2–4 million transposed
clones per condition/genotype. One SC-D -ADE (control)
plate is required per pre-culture.

13. The pre-cultures should have reached saturation (OD600 ~ 4 in
our hands). Before measuring the OD600, dilute the culture to
ensure the readout value is within the linear range of the
spectrophotometer (usually 0.1–1).

14. This step checks that most cells are viable and contain the
plasmid. As a guideline, we find ~450 (By4741 background,
from 2.5E+07 cells/OD as measured with a hemocytometer)
and ~250 (W303 background, from 1E+07 cells/OD as
measured with a hemocytometer) colonies on SC-D plates.
Expect that up to 20% of the cells have become ura-, which is
not an issue.

15. For example, if the overnight pre-culture is at OD600 4, then
you need to concentrate the cells 40/4 ¼ 10-fold, therefore
remove 90% of the initial volume. It might be necessary to
perform two consecutive rounds of centrifugation to harvest
the required amount of cells. In this case, remove the superna-
tant from the first centrifugation entirely, add the remaining
culture and repeat the centrifugation. Remove the appropriate
volume of the supernatant to attain the desired cell
concentration.

16. The procedures described here were optimized for our labora-
tory conditions (spectrophotometer, growth media, strains).
We recommend testing several plating concentrations at small
scale to determine which one leads to the highest number of
transposed colonies. Plating at OD600 35–40 was optimal in
our hands. Plating at OD600 70 decreased the yield, firstly
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because it became difficult to plate homogeneously and sec-
ondly because the cell density on the plate was so high that it
prevented the growth of transposed clones. Plating below
OD600 35 decreased the yield of transposed clones
proportionally.

17. Use a repeater pipette. Use a different tip for each pre-culture.
Keep the tip in a sterile beaker while not in use.

18. The number of plates to process at once depends on how fast
the cell suspension is absorbed on the surface of the plate. The
dryer the plates, the faster the liquid will be absorbed, therefore
the fewer the plates that should be processed at once.

19. Do not proceed further if the plates are still wet. Set the wet
plates aside until they are dry while processing the remaining
plates.

20. Homogeneous plating is key. We determined that spreading
200 μL using 10–15 glass beads per plate was optimal. Fewer
beads will result in inhomogeneous plating. More beads
decrease the number of cells seeded on the plate. Dispense
the beads on all the plates before plating. Store the plates
upside down such that the beads remain in the lid until needed.
Leaving the beads on the agar will produce dents, resulting in
inhomogeneous plating and inhomogeneous size and distribu-
tion of the transposed colonies.

21. Check the plating using a microscope equipped with a long-
distance objective (e.g., a tetrad dissection microscope). Aim
for a monolayer of cells covering 90% of the plate. Interspersed
mounds of cells are perfectly normal.

22. Perform one control plating on SC-D -ADE for each indepen-
dent pre-culture. This control is necessary to estimate the
number of Ade + cells present prior to transposition induction.
Ade + cells can result from spontaneous transposase-
independent recombination of pBK549 (see Note 5). Cells
containing such recombination products will form colonies
on both the SC-D -ADE and SC-Gal -ADE plates within the
first 2–3 days after plating, while genuinely transposed clones
will develop over the course of 10–15 days.

23. In very dry incubators, drying of the plates can be prevented by
incubating the sleeves in a humid chamber, for example, a
plastic box containing moist towel paper.

24. The incubation time might vary with the strain and media
composition. We recommend performing a small-scale time
course experiment to monitor the appearance of transposed
clones. The number of clones as a function of the incubation
time is reproducible and generally plateaus after 10 days.
SC-Gal -ADE plates can be kept at 4 �C for at least 3 months
before plating, without alteration of transposition efficiency.
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25. The clones might be difficult to differentiate from the back-
ground lawn of cells after only 3 days of incubation but will
become more distinct rapidly. Unlike mounds of cells resulting
from plating, colonies are characterized by their round shape,
defined edges, and a distinctive refraction. Mark the colonies
using permanent pens of different colors or take photos of the
same area to follow the appearance of new ones. Colonies
overlap above a density of ~500 per cm2, therefore estimate
the number of overlapping colonies within a mound.

26. ByK352 (By4741 ade2::HIS3) consistently produces
1200–1700 colonies/cm2 (66,000–93,500 colonies/plate)
and ByK832 (W303-1B ade2::NatMX6), 350–500 colonies/
cm2 (19,250–27,500 colonies/plate). Transposition-
independent Ade + background colonies represent 2–10% of
the final number of Ade + clones.

27. Process a few plates at a time to avoid the liquid being absorbed
into the agar before the cells have been harvested.

28. The best rakes are made by bending a long Pasteur pipette with
a Bunsen burner (Fig. 3c). Commercial glass rakes used for
spreading are sometimes too thick to scrape the cells efficiently.

29. To reduce the volume of medium needed, it is also possible to
reuse the collected cell suspension to harvest the next set of
plates.

30. Because liquid absorbs in the agar, about 50 mL are collected
from 50 harvested plates. The harvested material is thick and
composed of ~70% Ade + cells. The red coloration is due to the
presence of untransposed ade- cells that accumulated a red
pigment on the SC-Gal -ADE transposition plates.

31. The OD600 of the harvested material is ~50. Dilute to read
within the linear range of the spectrophotometer.

32. This step serves to expand the library and to dilute the ade-
cells. The expanded library is then either processed for
sequencing or exposed to various treatments and conditions
prior to sequencing. It is possible to skip the expansion phase
and to apply treatments in -ADE medium directly.

33. 2 L of reseed medium for a library of 2–4 million harvested
colonies corresponds to reseeding ~700–1400 cells per trans-
position event. It is important that the number of cells per
transposition event remains high to avoid losing complexity.
This number is estimated as follows:

If the Ade + cells represent 70% of the total number of cells
and OD600 0.2 represents 2E+06 cells/mL, then

[2000 mL � 2E+06 cells/mL � 70%] / 2–4E+06
clones ¼ 700 – 1400 cells/transposition event.

This calculation can be refined once the SC-D and SC-D
-ADE plates have been counted.
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34. Spread 200 μL of a 40,000-fold dilution of the saturated
culture on one SC-D and one SC-D -ADE plate using glass
beads. Incubate the plates for 3 days at 30 �C. Count the
colonies to determine the number of cells per mL.

35. To avoid decreasing the complexity of the library, it is impor-
tant that each transposition event remains represented by a fair
number of cells (see Note 33). We recommend more than
100 cells per event as a safe guideline.

36. The harvest is in vast excess and can be frozen in 30% glycerol.
Since viability upon freezing thawing is decreased, we recom-
mend freezing small aliquots to measure cell viability post
freezing, in addition to larger aliquots (to re-seed the library
accordingly).

37. 1 L of culture at OD600 4 produces ~5 g of pellet.

38. The dark red coloring of the nucleic acid pellet is due to the
pigment produced by the ade- cells. This pigment is insoluble
in ethanol but soluble in water. It does not alter the subsequent
steps of library preparation and sequencing.

39. The genomic DNA preparation contains RNAse and therefore
cannot be quantified accurately using a spectrophotometer.
Moreover, we surmise that the presence of the red pigment
extracted from the ade- cells might alter DNA quantification
depending on the method. Gel electrophoresis combined with
staining with a DNA intercalating agent is insensitive to either
of these issues.

40. Any other quantified ladder as well as previously quantified
genomic DNA preparations can serve as standards.

41. Homogeneous staining is best achieved by staining the gel post
running, especially when using charged intercalating agents
like ethidium bromide.

42. To ensure no genomic material is lost, all the following steps,
including the assembly of the PCRs, are performed in the same
tube as the digestion reaction.

43. Linear acrylamide serves as a carrier during precipitation and is
inert in subsequent reactions.

44. We recommend sequencing a maximum of:

(a) 2 libraries per MiSeq (Reagent Kit v3, 150 cycles) run.

(b) 5 libraries per NextSeq (Mid Output Kit v2.5,
150 cycles) run.

(c) 20 libraries per NextSeq (High Output Kit v2.5,
75 cycles) run.

45. It is important that the indexes differ by at least three consecu-
tive nucleotides and are chosen with an appropriate balance of
dyes for sequencing. The MiSeq platform uses four channels,
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while two are used by the NextSeq platform. During the first
three cycles of index sequencing, no channels must be omitted.
Information on selecting indexes with optimized color balance
can be found in the Illumina® documentation (section Color
Balance in ref. [23]).

46. The NlaIII and DpnII sub-library products appear as smears
centered around 500 bp, running from 250 bp up to 10 kb or
beyond. Both the sub-libraries form discrete characteristic
bands that correspond to the amplification of untransposed
pBK549 (NlaIII, 867 bp; DpnII, 465 bp, Fig. 5c). The inten-
sity of these untransposed bands relative to the rest of the
smear diminishes with the length of the regrowth in SC-D
-ADE (see Subheading 3.3.2). The negative control lanes
should be clear except for possible primer dimers around
70 bp.

47. Making 1 mL PCR and purifying only 100 μL appear to be a
waste but the rationale is the following. To avoid losing com-
plexity in the library, it is important that each transposon is
represented by a fair number of molecules in the PCR. 2 μg
DNA contains ~108 genomes. Therefore, each of the 2–4
million clones of a typical library is present in ~20–40 copies.
Thus 2 μg DNA appears like a minimal amount, and 1 mL a
minimal PCR volume for this amount of DNA. After amplifi-
cation, the PCR product consists exclusively of transposon–
genome junctions; therefore, much less is necessary
downstream.

48. The following instructions are based on quantification of the
PCR products using a NanoDrop spectrophotometer. Other
methods of quantification might lead to different values. It
might be necessary to adjust the concentration of library on
the sequencing cartridge.

49. For example: if the concentration of the NlaIII sub-library is
300 ng/μL and that of the DpnII sub-library is 150 ng/μL,
then mix 1 and 2 volumes of both the sub-libraries, respec-
tively. The final concentration will be (300 + 2 � 150) /
3 ¼ 200 ng/μL.

50. For example: if the complexity of library A is twice that of
library B, double the amount (in ng) of library A over that of B.

51. The PhiX standard DNA is optional but serves as quality con-
trol and may allow Illumina® technical support to diagnose
problematic runs.

52. These are optimal DNA concentrations for SATAY libraries on
Illumina® platforms in our hands.

53. Use a thin gel loading tip to ensure the primer is loaded in the
solution contained in well 12. Mix by moving the tip sideways.
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54. Set the “read length” on the instrument to 76 bp to actually
read 75 bp.

55. Other options are available from third parties (e.g., https://
github.com/leilaicruz/LaanLab-SATAY-DataAnalysis).

56. Depending on whether using the MiSeq or the NextSeq plat-
form, the machine will output one or four *fastq.gz files per
sample, respectively. This is because the MiSeq v3 flowcell
harbors one sequencing lane versus four for the NexSeq v2.5
flowcell. Make sure that the files corresponding to the NlaIII-
and DpnII-digested libraries contain “NlaIII” and “DpnII” in
their file name, respectively, as this pattern will be used by the
script to identify them.

57. If submitting multiple samples, the output for each sample will
be concatenated in the *.bed, *.wig, and *pergene.txt files.
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