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Summary PRINT  \* MERGEFORMAT 
This protocol is for generating pairend libraries. The starting material is generally purified genomic DNA (gDNA) which should has good quality. In this protocol, gDNA is sheared to desired size and ligated to loxP adaptors and circularized via recombination by a Cre excision reaction. The circular DNA templates are then randomly fragmented by nebulization, followed by streptavidin-mediated capture of the desired biotinylated fragment and ligation of adaptors for amplification. The paired end library is then amplified via PCR using a primer set, one of which is biotinylated. Following AMPure (SPRI) bead size exclusion and streptavidin magnetic bead immobilization of dsDNA amplicon, ssDNA templates are isolated by alkaline treatment. The resulting ssDNA Paired End library is suitable for input to emPCR and subsequent sequencing, in the GS FLX HD platform.

Equipment/Materials/Reagents
	Equipement
	Vendor
	Stock Number

	BioAnalyzer
	Agilent
	2100

	DR Transilluminator
	Fisher Scientific
	DR88M

	Hydroshear
	Genomic Solutions
	JHSH000000-1

	HydroShear large Assembly
	Genomic Solutions
	JHSH204007

	HydroShear Standard Assembly
	Genomic Solutions
	JHSH204004

	Magnetic Particle Concentrator
	Invitrogen 
	120-20D

	Thermal Cycler
	Many possible
	

	Electrophoresis system
	
	

	Fluorometer
	
	

	
	
	

	Disposables
	
	

	Recombi Paired End Adapter kit
	Roche
	

	Nebulizer kit
	Roche
	

	DNA 7500 LabChip
	Agilent
	5067-1506

	Microcentrifuge
	Eppendorf
	5415D

	0.2 ml tubes with caps
	Dot Scientific 
	620-PCR

	Dialysis bag
	
	

	Microcon YM-50
	Fisher Scientific
	42415

	MicroSpin S-400 HR Columns
	GE Healthcare
	27-5140-01

	Quant-it PicoGreen dsDNA assay Kit
	Invitrogen
	P-7589

	QIAEX II Gel Extraction Kit
	Qiagen
	20051

	MinElute PCR Purification kit
	Qiagen
	28006

	QIAquick PCR Purification kit
	Qiagen
	28106

	Full set of micropipettes 2-1000 ul
	Many possible
	

	Pipette Tips
	Many possible
	

	Wide Orifice Presterilized Pipette Tips
	Many possible
	

	
	
	

	Reagents
	
	

	TE 100X  (pH8.0)
	Fisher Scientific
	BP1338-I

	50X TAE Buffer
	Invitrogen
	24710-030

	NaCl (5M)
	Invitrogen
	24740-001

	Ethanol (70%, v/v)
	Many possible
	

	UltraPure Agarose 
	GibcoBRL
	15510-027

	5 kb ladder
	
	

	Agencount AMPure 60 ml kit
	Agencourt 
	000130

	Dynabeads M-270 
	Invitrogen
	653-05

	T4 DNA Polymerase 3U/µl
	NEB
	M0203L

	Polynucleotide Kinase (10 u/ul)
	NEB
	M0201L

	Quick ligation kit 
	NEB
	M2200L

	Cre Recombinase
	NEB
	M0298L

	Exonuclease I (20,000 U/ml)
	NEB
	M0293L

	Bst DNA Polymerase, Large Fragment
	NEB
	M0275L

	pUC19 DNA (1ug/ul)
	NEB
	N3041S

	BSA
	NEB
	

	Plasmid-Safe ATP-Dependent DNase
	Epicentre
	E3101K

	Platinum Taq DNA Polymerase HF
	Invitrogen
	11304

	1,4-Dithiothreitol (ultrapure)
	Roche
	03 117 006 001

	ATP, lithium salt, pH7 (100 mM)
	Roche
	11 140 965 001

	dNTP (10 mM each)
	Many possible
	


Procedure

NOTE: All reagents/stock solutions should be prepared prior to the start of the procedure.
1. Shearing
1.1 Transfer 5-15 ug of sample DNA to a microcentrifuge tube.

1.2 Add Buffer EB 10 mM Tris-HCl, pH 8.5) to a final volume of 75 ul.  Gently mix

1.3 Spin the DNA samples for 5 minutes at 14,000rpm, 4C, slow stop

1.4 Pipette the supernatant into a new micro centrifuge tube.

1.5 Shear the DNA using a large or standard assembly in a Hydroshear 

1.6 Open the Hydroshear program and set the shearing parameters as follows:

a. DNA volume = 75µl 

b. # of Cycles = 20 

c. Speed Code = ? (qc each Hydroshear for size)

d. Wash Cycles: 3x with 0.2M HCl, 2x with 0.2M NaOH, 4x with TE.

1.7 After shearing, collect the sample(s) into microcentrifuge tube(s). Place each tube on ice immediately after shearing. 

1.8 Using one MicroSpin S-400 column for one post-shearing sample purification

a. Resuspend the resin in each column by vortexing

b. Loosen the cap ¼  turn and snap off the bottom closures

c. Place the column in 1.7 ml microcentrifuge tube and spin the column at 750xg (or 3000 rpm) for 1 min. Discard the flow out

d. Add 200 ul of EB buffer to the top of each column, spin the column at 750 xg for 1 min

e. Move the column to new microcentrifuge tube and load 70-75 ul of sheared DNA per column using wide orifice pipette tips. Spin the column at 750xg for 2 min

2. Blunt End Repair

2.1 To each tube containing end repaired 70-75µl of sheared sample, add:                                    

	
	1X
	

	dH2O
	5.7 µl  
	

	10XPNK buffer
	10 ul
	

	BSA (10 mg/ml)
	1.0 ul
	

	ATP (100 mM)
	1.0 ul
	

	dNTP (10mM each)
	4.0 µl        
	

	sheared DNA
	~ 70 ul
	

	T4 DNA Polymerase  (3U/µl) 
	3.3 µl                      
	

	T4 Polynucleotide Kinase (PNK, 10u/ul)
	5.0 ul
	

	Total volume
	100 ul
	


2.2 Mix by GENTLY vortexing and Quick spin the tube.

2.3 Allow the reaction to proceed at 12oC for 15 minutes.

2.4 Immediately continue incubation at 25oC for additional 15 minutes.

2.5 Purify the polished fragments IMMEDIATELY using the QIAEX II purification kit:

a. Add 300 ul of Buffer QX1 and 200 ul of H2O to each reaction tube

b. add 25 ul or QIAEX II resin into each tube, rotate the tube for 10 min at R.T.

c. Centrifuge at 13,000 rpm for 30s and remove the supernatant.

d. Wash the pellets twice with 500 ul of Buffer PE 

CAUTION! Do not vortex to resuspend the pellets. Rather, use a wide orific pipet tip and gently pipette up and down a few times to resuspend the pellets.

e. Dry the pellets 10-15 min until they start turning white, do not overdry.

f. Add 42 ul of Buffer EB per dried pellet and resuspend each pellet by pipetting up and down gently using a wide orifice pipet tip.

g. Incubate the tube at 50°C for 10 min.

h. Centrifuge at 13,000 rpm for 1 min and carefully transfer 40 ul supernatant to clean tube using a tip-cut 200 ul pipet tip.

3. LoxP adaptors ligation

3.1
 Prepare a 1% Ultrapure agarose gel in 1xTAE using a preparative comb

Use 150 ml of 1% agarose for 13x16 cm gel bed, add 15 ul of 10,000xSYBR safe for DNA visualization. The sample well should be large enough to contain 120 ul of ligated materials (including loading dye), and be framed by narrow wells on both sides for molecular weight markers.

3.2
To each tube containing the purified, polished DNA from step 2 add the following reagents in the order indicated respectively:
	
	1X
	

	Purified polished DNA
	40 ul
	

	Quick ligase buffer
	50 ul
	

	LoxP7 Adaptors (20 uM)
	5 ul
	

	total
	95 ul
	


Mix by vortex GENTLY

3.3 Add 5 ul of Quick ligase

3.4 Mix by vortex GENTLY and incubate the ligation reaction at 25 oC for 15 minutes.
3.5 At the end of ligation reaction, add 20 ul of 6xgel loading buffer and 2 ul of 10%SDS per 100 ul of ligation product.
3.6 Heat at 65 oC for 10 minutes, and cool the tubes on ice before loading on the gel.
3.7 Loading the ligation product into the well on the 1% agarose gel
3.8 Loading  1ul of 5kb ladder in next adjacent well on both side
3.9 Run the gel at 6v/cm, 1-10s plus, 120o, 14 oC for 11 hrs.
4. Size Selection

4.1. Examine the gel on a DarkReader. Cut the gel slice containing major DNA fragments above 8 kb.

Caution: Do not expose the gel to any kinds of UV irradiation

4.2. Electroelute DNA from the gel slice using dialysis bag

a. Treate the dialysis bag according manufacture’s instruction.

b. Adding 3 ml of sterile 1xTAE to the dialysis bag.

c. Put gel slice into the dialysis bag, 

d.  Remove air barb, drain out TAE buffer

e. Adding 1 ml of sterile 1XTAE, close the bag

f. Place the bag into the electrophoresis chamber just used

g. Cover the chamber with the lid, run at 6v/cm 180o farward 60 Min. reverse 20s

h. collecting the eluted DNA from the dialysis bag using a wide orifice pipet tip
4.3. Concentrate the eluted DNA using Microcon YM-50 column.

a. Prewash each Microcon YM-50 column with 400 ul of dH2O, centrifuge 13,000 g for 7 min

b. Add 400 ul of eluted DNA solution to the YM-50 column each time, centrifuge 13,000 g for 7 min. repeat adding and centrifugation until DNA sample has been concentrated less than 40 ul.

c. Adding 250 ul of Buffer EB buffer the column and concentrate the sample again to less than 38 ul

d. Collect the concentrated eluted DNA, measure the exact volume with a pipettor, and adjust the volume to 38 ul with Buffer EB. 

5. Fill-in reaction
5.1.
In a microcentrifuge tube, add the following reagents. In the order indicated:
	
	1X
	

	LoxP-adapted  DNA
	38 ul
	

	10x ThermoPol Buffer
	5 ul
	

	dNTP (10 mM)
	5 ul
	

	Bst DNA Polymerase, Large fragment
	3 ul
	

	Total volume
	50 ul
	


5.2. Mix by GENTLY vortexing, and incubate the fill-in reaction at 50 oC for 15 minutes.
5.3. Purify the filled-in DNA sample using a MicroSpin S-400 column immediately:

a. Resuspend the resin in the column by vortexing

b. loosen the cap one-quarter turn and snap off the bottom closure.

c. Place the column in a 1.7 ml tube and Spin the column at 750g (2700 rpm) for 1 min.

d. Wash the column with 200 ul of EB buffer, spin at 735g for 1 min.

e. Move the column to new tube and load 50 ul of filled-in product using a wide orifice pipet tip. Spin at 735g for 2 Min.
5.4. Quantitate the eluted DNA using the Quant-it picogreen dsDNA assay kit.
6 DNA Circularization
6.1.
Prepare a 300 ng aliquot of the filled-in DNA in 80 ul volume (adjust volumn with dH2O)

6.2.
Set Circularization reaction as follows
	
	1X
	

	10x Cre Buffer
	10 ul
	

	Filled-in DNA (300 ng)
	80 ul
	

	Cre Recombinase (1U/ul)
	10 ul
	

	total volume
	100 ul
	


6.3. Incubation at 37oC 45 min -> 80oC 10 min -> 4oC. using a water bath or a thermocycler .

6.4. Prepare a fresh 100 mM DTT from 1M DTT stock (18 ul dH2O + 2 ul of 1M DTT).

6.5. Add the following reagents to the Cre excision reaction immediately after the end of 80 oC incubation period:
1.1 ul of DTT (100 mM) (Add directly to the Cre reaction mixture, do not mix with others)
1.1 ul  ATP (100 mM)

5 ul Plasmid-sSafe ATP-Dependent DNase (10 U/ul)

3 ul Exonuclease I (20 U/ul)

6.6.
Mix by GENTLY vortexing

6.7.
Incubation at 37oC 30 min -> 80oC 20 min -> 4oC. using a water bath or a thermocycler

7. DNA Fragmentation.
7.1. Add 500 ul of Nebulization Buffer to a nebulizer cup
7.2. Add 1 ul of 0.5M EDTA and 1 ul of pUC19 (1ug/ul) to the exonuclease-treated DNA.
7.3. Transfer the DNA into the Nebulization buffer and mix by swirling.

7.4. Assembly the nebulizer cup and insert into Nebulizer Holder. keep on ice.

7.5. Connect the nebulizer cup tubing with nitrogen tank.

7.6. Apply 42 psi of nitrogen for 2 min (for 400 bp), or 50 psi for 3 min (for 300 bp).

7.7. Turn off the nitrogen gas flow, allow the pressure to normalize for 30s
7.8. Centrifuge the nebulizer cup at 500 rpm for 20s

7.9. Add 2.4 ml of QIAGEN PB buffer into the nebulizer cup and mix by swirling.

7.10. Purify the nebulized DNA using one MinElute column (Qiagen), according to the manufacture’s instruction. Elute the DNA with 25 ul of EB buffer.
7.11. Run 1 ul of the purified nebulized DNA on a BioAnalyzer DNA 7500 LabChip to assess the quality of the pool of fragments.
8. Fragment End Polishing
8.1. Set up end polish reaction as follows:
	
	1X
	

	Distill water
	10.7 ul
	

	10XPNK buffer
	 5 ul
	

	BSA (10 mg/ml)
	0.5 ul
	

	ATP (100 mM)
	0.5 ul
	

	dNTP (10 mM)
Nebulized DNA
	2 ul
	

	T4 DNA polymerase (3u/ul)
	3.3 ul
	

	T4 PNK (10u/ul)
	5 ul
	

	Total volume
	50 ul
	


8.2. Mix by vortexing and incubate the reaction for 15 minutes at 12°C.

8.3. Immediately continue incubation at 25°C for an additional 15 minutes.
8.4. Purify the polished products using a QIAquick column (Qiagen)

a. Add 250 ul of PBI buffer to each sample, apply to column 

b. Incubation for 1 min. Centrifuge at 14000 rpm for 30s.
c. Wash the column twice with 750 ul of PE buffer.

d. Spin dry the column for 2 minutes.

e. Elute the purified DNA with 50 ul of EB buffer.

9. Paired End Adaptors Ligation
9.1. Immobilize the library of Paired End fragments.
a. Transfer 25 μl of Dynal M-270 Streptavidin beads to a fresh microcentrifuge tube.

b. Using a Magnetic Particle Collector (MPC), pellet the beads and remove the buffer.
c. Wash the beads twice with 50 μl of 2x Library Binding Buffer containing 0.01% tween-20, using the MPC.
d. Resuspend the beads in 50 μl of 2x Library Binding Buffer containing 0.01% tween-20.
e. Add the 50 μl of polished, nebulized DNA (from section 3.8) to the washed Dynal M-270 Streptavidin beads.
f. Mix well and place on a tube rotator at ambient temperature (22ºC) for 15 minutes.
g. Using the MPC, wash the immobilized library with 50 μl of 2x Library Binding Buffer containing 0.01% tween-20.
h. Using the MPC, wash the immobilized library three times with 500 μl of TE Buffer. Remove all
i. remaining TE Buffer, and remove the tube from the MPC.
Note: It is important to thoroughly wash the immobilized library, each time mixing well, and removing all supernatant from the tube once beads are bound to the magnet. Washing is essential to avoid carryover of significant amounts of carrier DNA into subsequent steps and potential reduction of true paired end reads.

9.2. Making ligation mixture:
	
	1X
	

	Sterile dH2O
	15 ul
	

	2x Quick ligase buffer
	25 ul
	

	PE3 or LT Adaptors
	5 ul
	

	Total volume
	45 ul
	


9.3. Add the 45 μl of ligation mix the tube containing the pellet of washed M-270 beads from step 1. Vortex to resuspend the bead pellet.

9.4. Add 5 μl of Rapid Ligase.

9.5. Mix by vortexing and place on a tube rotator at room temperature (22ºC) for 15 minutes.

9.6. Using the MPC, wash the beads four time with 500 μl of TE Buffer. Remove all remaining TE Buffer, and remove the tube from the MPC.

10. Fill-in Reaction
10.1 In a microcentrifuge tube, make fill-in mixture

	
	1X
	

	Sterile dH2O
	40 ul
	

	10x ThermoPol Buffer
	5 ul
	

	dNTP (10 mM each)
	2 ul
	

	Bst DNA polymerase, large Fragment
	3 ul
	

	Total volume
	50 ul
	


10.2. Add the 50 μl of fill-in mixture to the tube containing the pellet of “adapted” Paired End library beads
10.3. Mix well and incubate at 50°C for 15 minutes.

10.4. Using the MPC, wash the immobilized library twice with 500 μl of TE Buffer.

10.5. Resuspend the library beads in 20 μl of EB Buffer.

11. Library Amplification
11.1 In a 200 μl tube, add the following reagents, in the order indicated:

	
	1X
	

	Sterile dH2O
	27.5 ul
	

	10 X HF PCR buffer
	5 ul
	

	MgSO4 (50 mM)
	2.5 ul
	

	dNTP (10 mM each)
	2 ul
	

	MMP3 primer (50 uM each)
	2 ul
	

	Adapted Paired end Lib. beads
	10 ul
	

	Platinum Tag DNA polymerase High Fidelity
	1 ul
	

	Total volume
	50 ul
	


Note: This step uses only half of the library beads prepared, as a precaution in case of a mishap during the amplification or a later step. This normally produces an ample amount of library DNA for Paired End LT sequencing. Leftover beads can be stored at -15 to –25ºC for future use if necessary.

11.2. Mix by vortexing.

11.3. Set-up and launch the Paired End PCR program in a thermocycler
94°C 3 Min->[94°C 30s -> 60°C 20s -> 68°C 45s]x20 -> 68°C 2 Min -> 10°C

11.4. When the amplification is complete, purify the final (amplified) Paired End LT library using SPRI size exclusion beads, as follows:
a. Add 52 ul of Buffer EB to the 50 ul of PCR reaction.
b. Transfer 100 ul of the mixture to a new tube.
c. Add exactly 70 ul of AMPure beads to the tube, vortex to mix.
d. Keep it still and incubate for 5 min at RT
e. Using MPC to pellet the beads, 
f. Transfer the Supernatant (170 ul) to new tube.
g. Add 100 ul of Buffer EB to the Transferred Supernatant.

h. Add exactly 90 ul of AMPure beads to the same tube above, vortex to mix
i. Keep it still and incubate for 5 min at RT
j. Using MPC pellet the beads
Note: leave the tube with pellet beads in the MPC during all wash steps

k. Remove the SN., wash the beads twice with 500 ul of 70% Ethanol.
l. Remove the all the supernatant and allow air dry completely (until cracks form in the pellet.)
m. Remove the tube from the MPC, add 50 μl of EB Buffer, and vortex to resuspend the beads. This elutes the Recombi Paired End library from the AMPure beads.
n. Using the MPC, pellet the beads against the wall of the tube and transfer the SUPERNATANT to a new tube
12. Single-Stranded DNA Recombi Paired End Library Isolation
12.1. Immobilize the library of amplified Paired End fragments using the biotin tag present on the amplified library fragments. Do as follows:
a. Transfer 50 μl of Dynal M-270 Streptavidin beads to a fresh microcentrifuge tube.

b. Using a MPC pellet the beads and remove the buffer.

c. Wash the beads twice with 100 μl of 2x Library Binding Buffer, using the MPC.

d. Resuspend the beads in 50 μl of 2x Library Binding Buffer.

e. Add the 50 μl of AMPure-selected PCR products to the washed Dynal M-270 Streptavidin beads.

f. Mix well and place on a tube rotator at ambient temperature (22ºC) for 15 minutes.

g. Using the MPC, wash the immobilized library twice with 500 μl of TE Buffer. Remove all remaining TE Buffer, and remove the tube from the MPC.

12.2. In a 1.5 ml tube, prepare the neutralization solution by mixing 500 μl of Qiagen’s PBI buffer and 10 μl of 3 M NaAc (pH 5.2).

12.3. Add 50 μl of Melt Solution to the washed Library-carrying beads Vortex well and using the MPC, pellet the beads away from the 50 μl supernatant. At this point, the supernatant contains the single-stranded template DNA Paired End LT library.
12.4. Carefully remove and transfer the supernatant to the freshly-prepared neutralization solution from step 2.

12.5. Repeat steps 3-4 for a total of two 50 μl Melt Solution washes of the beads (pooled together into the same tube of neutralization solution)

12.6. Purify the neutralized Paired End LT library using one column from a MinElute PCR PurificationKit (Qiagen). Follow the manufacturer’s instructions for spin columns using a microcentrifuge, with the following exceptions:

a. Do two PE washes to ensure remove of any salts present.

b. After the PE dry spin, rotate the column 180º and spin an additional 30 seconds to ensure complete removal of the ethanol.

c. Elute with 20 ul of TE (pH8.0)
13. Library Quality Assessment and Quantitation
13.1. Using the Agilent 2100 BioAnalyzer, prepare a RNA Pico 6000 LabChip according to the manufacturer’s guidelines.

Note: The RNA ladder must be prepared according to the manufacturer’s guidelines, which include denaturation before use. For best stability, store the denatured stock at -20ºC, in 1-day supply aliquots
13.2. Assess the quality of your sstDNA library for the characteristics listed in the following Table :

	Library Characteristic
	Expected Result

	Average fragment size
	between 400 nt and 600 nt

	Size cut-off
	<10% below 300 nt

	DNA yield
	>0.2 ng/ul and < 4 ng/ul

	Adaptor dimer peak
	None
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