Tn-Seq Protocol 
Isolation of crude DNA (4 hours)
1. Add 250 uL of zirconium beads to the sample in a 2-ml screw top vial. These beads help with cell disruption. 
2. Add 500 uL of 2x buffer A, 210 uL of 20% SDS, and 500 uL of phenol:chloroform:isoamyl alcohol (PCIA) and chill sample on ice
a. Buffer A = 200mM NaCl, 200 mM Tris, and 20 mM EDTA, pH = 8, can be stored at room temperature
b. PCIA (25:24:1) 
3. Use the bead beater on the ‘homogenize’ setting for 2 min. Rest the sample on ice for 2 min and repeat bead-beating for 2 min. 
4. Centrifuge the tubes in a refrigerated microcentrifuge (4C, 6,800g, 3 min) 
5. Transfer the aqueous phase (~600uL)  to the Phase Lock gel tube. 
a. Look up phase lock gel tube
6. Add an equal amount (600uL) of PCIA to the phase lock gel tube and mix by inversion. 
7. Centrifuge the tube in a microcentrifuge (rm temp, 18,000g, 5 min) 
8. Transfer the aqueous phase to a microcentrifuge tube and discard the organic phase. 
9. Add 600 uL of cold (-20C) 100% isopropanol to the microcentrifuge tube. 
10. Add 60 uL (1/10th vol) of 3 M sodium acetate (pH 5.5), and mix thoroughly by vortexing. 
11. Incubate at -20°Cfor at least 1 hour. 
a. Can also be stored overnight or longer. 
12. Centrifuge the tube in a refrigerated microcentrifuge (4C, 18,000g, 20 min). Carefully decant and discard the supernatant. 
13. Wash the pellet with 500 uL of 100% ethanol and centrifuge it in a refrigerated microcentrifuge (4C, 18,000g, 3 min). carefuLly decant and discard the supernatant. 
14. Remove any excess ethanol by gently tapping the tube upside-down on a laboratory tissue. 
15. Evaporate any remaining supernatant in a vacuum evaporator (no heat, check at 5-min intervals until dry). 
16. Resuspend the pellet in 200 uL of TE buffer (pH 7). Incubate in an oven or water bath at 50°Cfor 30 min, vortexing every ~10 minutes. The pellet will dissolve much faster once it has been dislodged from the wall of the microcentrifuge tube. 
RNase treatment and cleanup of crude DNA using QIAquick columns (1 hour)
17. Transfer 100uL of the crude DNA sample to a new tube. The reminder shouLd be stored at -20°Cor -80C. 
18. Add 0.5 uL of RNase A and incubate the tube at rm temp for 2 min. RNase treatment ensures accurate DNA quantitation in subsequent steps. 
19. Clean up the sample using QIAquick PCR purification columns according to the manufacturer’s instructions. Make sure that all the ethanol-containing wash buffer is removed from each column before elution by pipetting around the inner rim with a 10-uL tip, if necessary. Elute each sample in 52 uL of buffer EB. 
20. Measure the DNA concentration of each sample using a spectrophotometer (UV-based system or dye-based)
a. Nanodrop?
b. Can be a pause point
Linear PCR (2 hours) – Starting Point 
21. Assemble the linear PCR reactions on ice 
a. diiH20 – up to 100uL
b. Platinum Super 5 buffer – 10uL
i. New buffer 
c. 10 mM dNTPs – 2 uL
d. BioSamA (1 pmol uL-1) – 5 uL
i. Has bio-methylated 
e. Clean DNA (from step 20) – 0.5-2ug
i. Figure out the volume 
f. Platinum Super 5 polymerase – 1 uL
g. ^ above are volume per sample
22. Split the reaction into 2 x 50 uL in PCR tubes and run them on a thermocycler as follows: 94°C for 2 min, followed by 50 cycles of 94°C for 15s and 68°C for 1 minute.
23. Pool the tubes containing the same DNA sample, run them over a QIAquick PCR cleanup column according to the instructions, and elute them in 50 uL of buffer EB. 
Bind linear PCR products to beads (1 hour)
Prepare Prior: B&W buffer, LoTE buffer
24. Resuspend streptavidin-coated beads by shaking. 
25. Add beads (32uL per sample) to a new microcentrifuge tube (1mL max, use multiple tubes if necessary)
26. Place the tube on the MPC for 1-2 minutes
a. Magnetic particle collector 
27. Carefully remove the supernatant with a pipette. 
28. Remove the tube from MPC and add 1,000 uL of 1x B&W buffer; gently resuspended by pipetting. 
a. B&W buffer 2x  = 2 M NaCl, 10 mM Tris, and 1 mM EDTA, pH 7.5
b. Dilute with water
29. Repeat steps 26-28 twice for a total of three washes. 
30. Remove the final wash and add 2xB&W buffer (52uL per sample). Aliquot into PCR strip tubes (one tube per sample, 50 ul per tube). 
31. Add the entire volume of one sample from step 23 to the tube. 
32. Incubate at room temperature with gentle mixing for 30 minutes. 
33. Place the tube on the MPC for 2 min. 
34. Carefully remove the supernatant with a pipette. 
a. To avoid disturbing beads, set the electronic multichannel pipettor to its slowest setting, place the end of the tip against the opposite side of the tube from the beads, and slowly move the tip downward as the supernatant is removed. 
35. Remove the tube from the MPC and add 100uL of 1 x B&W buffer, gently resuspend by pipetting. 
36. Repeat steps 33-35 twice, but resuspend beads in 100ul of the LoTE buffer ea. Time. 
a. Can be stored at 4°Covernight. 
b. LoTE buffer: 3 mM tris and 0.2 mM EDTA, pH 7.5
Second strand synthesis (1 hour)
37. Denature the sample by heating in a thermocycler: 95°C for 2 min, then chill quickly to 4C. 
38. Prepare second strand mix on ice. 
a. diiH20 – 16uL
b. 10x hexanucleotide mix – 2 uL
c. 10 mM dNTPs – 1 uL
d. KLenow (exo-) – 1 uL
39. Collect the beads with the MPC, carefully discard the supernatant, remove the tube from the MPC, and then gently resuspend the sample in 20 uL of second strand mix. 
40. Incubate the samples in a thermocycler at 37°Cfor 30 min. Mix by gently tapping the tube every 10-15 min. 
41. Add 100 uL of LoTE buffer to the sample, collect the beads in the MPC, and then carefully discard the supernatant. 
42. Repeat step 41. 
43. Resuspend the beads in 100uL of LoTE buffer
a. Pause point 4C
MmeI digestion (2.5 hr)
44. Prepare 50 uM double stranded M12 oligonucleotide by combining the following in a new PCR tube. 
a. M12_top (100 uM in EB) – 15 uL 
b. M12_bot (100 uM in EB) – 15 uL
c. 1 M NaCl – 1.5 uL 
45. Anneal oligonucleotides in a thermocycler: 95°Cfor 5 min, cool to 4°Cat a rate of 0.1 °Cs-1, store in 5-uL aliquotes at -20°Cfor future use. 
46. Prepare MmeI buffer mix on ice. 
a. diiH2O – 16.8 uL 
b. 10 x NEBuffer 4 – 2 uL 
c. 32 mM SAM – 0.08uL 
d. M12 dsDNA – 0.2 uL
47. Collect the beads from step 43 with the MPC, carefully discard the supernatant, remove the tube from the MPC, and then gently resuspend each sample in 19 uL of MmeI buffer mix. 
48. Add 1 uL of MmeI to the sample. 
49. Incubate in the thermocycler at 37°Cfor 1 hour. Gently mix the sample every 10-15 min. 
50. Add 100uL of LoTE buffer to the sample, collect the beads in the MPC, and then carefully discard the supernatant. 
51. Repeat step 50
52. Resuspend the beads in 100 ul of LoTE bbuffer. 
a. Pause point, 4°Covernight
Linker ligation (2.5 hours)
53. Prepare a 50 uM stock of barcoded, double-stranded sequencing adapters (one barcode sequence per sample) by combining the following in a new PCR tube. 
a. LIB_AdaptT_(barcode) (100 uM in EB)		15 ul
b. LIB_AdaptB_(barcode) (100 uM in EB)		15 ul
c. 1 M NaCl					1.5 ul
54. Anneal oligonucleotides in a thermocycler: 95°Cfor 5 min, cool to 4°Cat a rate of 0.1 C s-1
a. Pause point, adapters can be sotred for months in 5-uL single-use aliquots at -20°Cfor future use. 
55. If they are frozen, thaw dsDNA sequencing adapters on ice (one barcode per sample). Dilute each 50 uM stock of dsDNA sequencing adapter to 5 uM in ice-cold 1 x T4 DNA ligase buffer. 
a. If adapters are not thawed on ice, they can dissociate into ssDNA
56. Prepare ligation mix on ice
a. diiH2O				16.4 uL
b. 10x T4 DNA ligase buffer	2 ul
57. Collect the beads from step 52 with the MPC, carefully discard the supernatant, remove the tube from the MPC and gently resuspend the sample in 18.4 uL of ligation mix. 
58. Add 0.6 uL of 5 uM dsDNA sequencing adapter (from step 55) containing a unique barcode to the sample. Record which barcode is associated with the sample. 
59. Add 1 uL of T4 DNA ligase to the sample. 
60. Incubate in a thermocycler at 16°Cfor 1 h. gently mix every 10-15 minutes. 
61. Add 100 uL of LoTE buffer to the sample, collect the beads in the MPC and carefully discard the supernatant. 
62. Repeat step 61. 
63. Resuspend the beads in 100 uL of LoTE buffer. 
a. Pause point the sample can be stored at 4°C overnight at this point
PCR and Final purification (4 hours) 
64. Assemble the PCR mix on ice
a. diiH2O			31.5 uL
b. 10x Platinum super 5  buffer		10 (used at 2x standard conc)
c. 10 mM dNTPs		2 uL
d. 50 mM MgCl2		2 uL
i. Not necessary 
e. 5 uM LIB-PCR5		2 uL
f. 5 uM LIB-PCR3		2 uL
g. Pfx polymerase		0.5 uL
65. Collect the beads from step 63 with the MPC, carefully discard the supernatant, remove the tube from the MPC and gently resuspend the sample in 50 uL of PCR mix on ice. 
66. Run on a thermocycler, as follows, and prepare a 2% (wt/vol) agarose gel (1-2 lanes per sample plus 2 ladder lanes per gel; GelGreen dye at 1:10,000 dilution; wide-tooth comb) while PCR is running. Run at 94°Cfor 2 min followed by 18 cycles of: 94°Cfor 15 s, 60°Cfor 1 min, 68°Cfor 2 min and then 68 °Cfor 4 min. 
a. Pause point, can be stored at 4°Covernight
67. Collect the beads on the MPC and transfer the supernatant to a new PCR tube. 
68. Prepare the DNA ladder. 
a. 10-bp DNA ladder		4 uL
b. Bromophenol blue loading dye	1 x final con
c. diiH2O				20 uL final vol
69. add xylene cyanol loading dye to the sample (supernatant from step 67) to 1xfinal concentration. 
a. Critical step: xylene cyanol is used because bromophenol blue can migrate near the same position as the desired 125-bp PCR product, thereby obscuring the band in the gel. The use of bromophenol blue in the ladder lanes will provide an apprx. Position of the samples in the gel. 
70. Load the DNA ladder onto the first and last lanes of the gel. 
71. Load the sample into its own lane of the gel. If the wells are too small for the full volume, split the sample over two lanes. 
72. Run the gel for 30 min at 200 V
a. Time and voltage may need to be adjusted on the basis of gel size and buffer composition; these parameters work well for 7-cm gels run in borate buffer. 
73. Use of a non-UV gel illuminator to excise the band at ~125bp, minimizing surplus agarose in the gel fragment. Place the gel fragment in a microcentrifuge tube (if two lanes were used per sample, the similar fragments can be placed in the same tube as long as the total weight remains under 300 mg). 
74. Clean up the sample using QIAquick gel purification columns according to the manufacturer’s instructions. Be certain that all of the ethanol-containing wash buffer is removed from the column before elution by pipetting around the inner rim with a 10-uL tip, if necessary. Elute in 32 uL of buffer EB. Gel purification ensures that primer-dimers or other erroneous products do not contribute to the DNA quantification or sequencing in subsequent steps. 
75. Quantify the sample on a QuBit or similar spectrophotometer
a. Nanodrop?
b. DNA concentration is typically 0/1-5 ng uL-1 , which is below the reliable detection limit of many UV absorbance-based spectrophotometers
76. All samples should subsequently be normalized to the same concentration. If all samples are ≥0.83 ng uL-1, adjust an aliquot of each sample to 10 nM in EB buffer. On the basis of an expected fragment length of 125 bp, the formula for a 10 nM normalization is volume of DNA (uL) = 10 x final volume (uL) / (DNA conc (ng uL-1) x (106) x (1/649)x (1/125))
77. Combine an equal volume of each sample into a single tube. 
a. Required volumes may vary by sequencing facility. Be sure to inform the sequencing facility of whether the sample is at 10 or 1 nM. 
78. Submit for illumine sequencing. The optimum loading concentration may vary by sequencing center or by Genome Analyzer model; we currently use 6 pM for GA-IIx and HiSeq machines
Data analysis (~3 min per million raw reads)
79. Download the data analysis package (INSeq_analysis.zip) and sample data package and save each to your own directory. 
80. Bowtie is used to map sequences to the reference genome…
81. Go to the uncompressed data analysis package and then to the ‘indexes’ directory. …
