Irwin Lab GBS Protocol v2.2 updated Sep-2017
by David Toews, Miguel Alcaide, Sampath Seneviratne, Haley Kenyon, Armando Geraldes, and Silu Wang

1)    Use the Qubit (Invitrogen) to accurately spec all samples (currently located in the Otto lab). The Qubit protocol appears at the end of this file in Appendix I. The Qubit standards are stored in the 4oC fridge and the reagent and buffer at room temperature. We use 0.5mL thin wall (clear) tubes (Axygen) for the Qubit readings. The Qubit reagent and buffer mix is done in a 10mL or 50mL falcon tube. We have two Qubit kits:
· HS (High sensitivity) for DNA amounts between 0.2 and 100 ng
· BR (Broad range) for DNA amounts between 2 and 1000 ng
The HS kit is really only needed if your DNA concentration is below 2ng/L, but works well for DNA up to 100ng/L. 
Vortex very well before doing your readings and re-standardize the Qubit reader every 12-15 samples as the Qubit solution is very light sensitive.
 
2)    Ideally you want to dilute your samples to 20ng/L, so you can take 5L to add to the digestion (i.e. 100ng of DNA). Samples with DNA concentrations below 20ng/L sometimes still work; re-concentrating the samples by evaporating them worked sometimes, but not often.

3)   If there are no annealed barcoded adaptors then these have to be annealed. The Fwd and Rv stock adaptors are kept in orange cardboard boxes in the -20 oC freezer. Those stock adaptors are stored at 200 M. To prepare a stock plate of annealed primers at 40 ngL add to each well of a plate:
		.4 L of the fwd barcode
		.4 L of the rv barcode
		.192 L of water
	Mix well when pipetting to ensure that the 3 components are well mixed and then seal the plate with aluminum foil. Do not vortex. Incubate the plate in the black PCR machine with program ANEA17:
95 oC for 2 minutes
decreasing 0.1oC per second until 25oC
25oC for 30 minutes
4oC ∞
The procedure to anneal the common adaptors is similar but no plate is needed- use PCR strip or single tubes instead.
The stock common adaptors are in the top shelf of the freezer in a box labeled GBS.
After annealing, all product concentrations should be checked with the Qubit and diluted to the working concentration of 0.4 ng/L. 
The barcode well H01 in the stock non-annealed plate was empty and we've started using it as a no barcode blank. We’ve also been using well F12 as a DNA blank.
 
4)   In a new plate add:
·      6 L of the common adaptors to each well (stored in freezer in 1.5mL tube at 0.4ng/L)
·      6 L of barcodes (in plate stored in the freezer) using a multichannel pipette (0.4ng/L)
·      5L of 20ng/L DNA template
17L total mix

5)    Make a master mix of restriction enzyme and provided buffer (this protocol is for PstI, for which we use the high fidelity version at NEB - R3140S)
·      For each reaction, 1L of PstI with 2L of the provided 10X buffer
·      Add 3L of the mix to each well of the plate with the adaptors, barcodes and DNA
·      Incubate at 37 oC for 2 hours (Program AG RESTRIC GBS)
 [now there are 20L  in each well]

6)    After the digestion is complete, add T4 ligase (NEB) to the mixture to link the DNA fragments with the adaptors and the barcodes. Make a master mix of the ligase and its buffer:
For each sample 
1.6L T4 ligase (400,000 U/mL), 
5L 10x buffer 
23.4L ultraPure water. 
For 96 samples this is usually too much solution to hold in a 1.5mL tube. Try using the larger 5mL tubes.

·      Add 30L of ligation mix to each well of the digestion plate. Final volume is 50L.
·      Incubate the ligation reaction for 1 hour at 22oC and then inactivate the enzyme by running at 65oC for 10min. Use the program AG LIGATION GBS. 
 
7)    Clean up the reaction using AMPure XP beads (Beckman-Coulter). Beads are stored in the 4oC refrigerator and need to be allowed to warm up to room temperature before use (remember to put it back to 4oC after!!!). Invert the bottle many times to resuspend the beads. We use a BEAD:DNA ratio of 23:15 or 1.5X which means that fragments smaller than 100 bp should be eliminated, but fragments larger than 100bp should not be affected much. See AppendixII for SPRI beads details.
·      On a new plate add 23L of beads to each well (make sure to swirl the bottle as the beads settle to the bottom quickly).
·      Add 15L of the ligation reaction to each well. Our lab currently does not have good multi-channel pipettes in this range so this step is time consuming. Upon adding the samples to the beads mix with the pipette. Sometimes this doesn’t initially create a homogenous blend, but leaving the mixture for a few minutes helps. Therefore, going through the samples again later usually creates a good blend.
·      Place the plate in the magnetic plate; the beads should quickly go to the side of the wells in a ring (in practice this looks like small, red globs).
·      While the plate is still on the magnetic plate, put a pipette into the well, careful not to disturb the ring. Remove the liquid (clear) and dispose. Your DNA should be bound to the beads.
·      Still on the magnetic plate, add 200L of 70% ethanol to wash the wells. Wait 30 seconds and then remove the ethanol.
·      Repeat the ethanol wash with another 200L of 70% ethanol. This time leave the plate dry for 5-10 mins for the ethanol to evaporate.
·      Remove from magnetic plate. Re-suspend the beads in 40L of TE. Sometimes the dried beads on the side of the well need to be scraped into the solution. Again, make sure the beads are well mixed. Wait for at least 5 min before putting it back in the magnetic plate. Longer incubation times results in better yield.
·      Put back on the magnetic plate and wait until the solution becomes clear. Your DNA is no longer in the beads but in the solution. Careful not to disturb the beads, remove the TE and place it into a new plate. You will not need the full 40L for the PCR, so taking the full 40L is not necessary. In most cases taking 20-30L using multiple rounds of pipetting should be feasible. 


8)    PCR amplification. For GBS amplification it is best to use Phusion (NEB - #M0530) Taq and associated buffers, which should produce a low error rate in copying. For a 25L reaction use:
·      5L of 5x Phusion Buffer
·      0.5L of 10 mM dNTPs 
·      1.25L of GBS-PrimerA (see below for sequence) (10M)
·      1.25L of GBS-PrimerB (see below for sequence) (10M)
·      12.75L of UltraPure water 
·      0.25L of PhusionTaq (kept on ice) 
·    [Final volume per sample is 21L]
For a 96 well reaction a 15mL falcon tube can be used to make the master mix (it is a good idea to make 10% more, i.e. make a mix for 105 samples or more). 
Add 21L of the mix to each well of a new plate on ice and add 4L of DNA recovered from the beads to each well for a 25 L final reaction volume. The volume of DNA can be increased, just decrease the amount of water per sample. For the Goshawk project some samples failed with 4 L of DNA and worked with 10 L of DNA. 
Run the following reaction:
·      98 oC for 30 seconds and 18 cycles of: 98oC for 10sec, 65oC for 30sec and 72oC for 30 sec. This is followed by an extension of 72oC for 5min and 4oC ∞ (Program AG GBS18)
The original protocol called for 20 cycles and only 1L of DNA but we’ve decided that it was best to reduce the number of cycles.
At this point run 2L of the amplification out on agarose gel to check for a smear.

GBS-PrimerA:
5’- AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT-3’
GBS-PrimerB:
5’-CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCT-3’
 
9)   Qubit every sample again, or at least a subset of samples that may vary in their intensity on agarose. Concentrations varied between 15ng/L – 40ng/L but were mostly consistent within a reaction plate. The no DNA blank and the no barcode blank should have 0ng/L, but usually have less than 6ng/L. Samples whose PCR is below 8ng/L tend to produce little to no sequence.
 
10)   Pool the samples (aim to add 100ng of each sample) and concentrate. Put the pool into the vacuum centrifuge for approximately 45-60 minutes and reduce to ~50-70 L to concentrate the sample.
 
11)  Pour a large agarose gel (make everything new: TAE 1X and 2% Agarose). Load the library into 5-6 lanes (10L -12L of the pool and 3L of loading dye 6X in each lane), flanking each lane with the 100bp ladder (3 or 4L of ladder should suffice, see AppendixIII for ladder gel diagram).
·     Run it at 75V until the loading dye has passed the number 3 line (see Appendix III photoA), it will take 1.5 h or more. 
·      Weigh 1.5mL tubes and ID each of them before going to cut the gel bands. 
·     Take the gel over to the Rieseberg Lab’s blue box (make sure to put glass between the box and the gel not to scratch the blue box) 300-400bp. It is important to get as much agarose away as possible, so make sure to cut the slice in all three dimensions. (see Appendix III photo B).
·     Place the cut bands into the weighed tubes. Re-weigh the tubes with the gel band to determine its weight. Divide the gel into two tubes if you have more than 400mg of gel.

12)  Gel extraction with Qiagen Gel extraction kit (follow the instructions on the kit. See Appendix IV). The text below if from previous iterations of the GBS protocol and does not match the Qiagen instructions
- Add three volumes of the QG buffer from the Qiagen Gel Extraction kit and incubate at 50oC for 10 min, vortexing every 2-3 min. You can spread the gel slices out into multiple tubes, you will just continue to add it to the spin column.
- Add 1 volume of isopropanol and invert several times
- Add 800L to the Muni-elute column and spin down - discard the flow through. Add the rest of the sample to the column and spin down - discard again. 
- Add another 500L of the GE buffer and spin down - discard.
- Add 750L of the PE buffer, let it sit for 5min to remove more salts, and centrifuge. Discard flow through
- Spin again with the empty collection tube to get the rest of the PE buffer out of the mini-elute column.
- Place mini-elute column into a new, clean 1.5mL tube. Add 20L of the EB buffer (the kit suggests 10L) and let it sit for 1 min. Centrifuge again.
 
13)  Take samples to the Bioanalyzer to check the size range of the fragments. Generally aim for peak between 300-400bp. 

[bookmark: _GoBack]14)  Genome Quebec wants at least 75 ng of DNA in a volume of 25 to 75 L Send your libraries for sequencing by FedEx in Dry Ice. Make sure to send it in their preferred plates with their preferred Aluminum Foil or you’ll be charged a plating fee. (good luck!).



Appendix I: Qubit protocol
[image: Macintosh HD:Users:ageraldes:Documents:UBC:Goshawk:Irwin_Lab:Qubit.pptx.pdf]



Appendix II: SPRI beads
Retrieved from http://core-genomics.blogspot.ca/2012/04/how-do-spri-beads-work.html
How do SPRI beads work? 
Someone recently asked me, “how do SPRI beads work” and I realized I was not completely sure so I went to find out.

My lab uses kits. Lots and lots of kits; kits for DNA extraction, kits for PCR, kits for NGS library prep and kits for sequencing. Kits rock! But understanding what is going on at each stage of the protocol provided with the kit really helps with troubleshooting and modification. How many people have added 24ml of 100% Ethanol to a bottle of Qiagen’s PE buffer without stopping to ask what is already in the bottle? The contents of the PE bottle are… answer at the bottom of this post. 

I hope this post helps you understand SPRI a bit better and think of novel ways to use it. I’d recommend reading A scalable, fully automated process for construction of sequence-ready human exome targeted capture libraries in Genome Biology 2011 for the with-bead methods discussed at the bottom of this post. I am sure we'll all be using their method a lot more in the future! 

You are most likely to come across SPRI beads labeled as Ampure XP from Beckman. 

First some handling tips:
· Vortex beads before use.
· Store beads at the correct temperature.
· Allow enough time for beads to come to room temperature.
· Pipetting is critical; use very careful procedures (SOPs) and well calibrated pipettes. 


[image: http://2.bp.blogspot.com/-7H9wLh471MM/T5lpQ1ELzEI/AAAAAAAAATo/_uJYBt_WGjs/s200/Screen+Shot+2012-04-18+at+13.11.49.png]How do SPRI beads work? Solid Phase Reversible Immobilisation beads were developed at the Whitehead Institute (DeAngelis et al 1995) for purification of PCR amplified colonies in the DNA sequencing group. SPRI beads are paramagnetic (magnetic only in a magnetic field) and this prevents them from clumping and falling out of solution. Each bead is made of polystyrene surrounded by a layer of magnetite, which is coated with carboxyl molecules. It is these that reversibly bind DNA in the presence of the “crowding agent” polyethylene glycol (PEG) and salt (20% PEG, 2.5M NaCl is the magic mix). PEG causes the negatively-charged DNA to bind with the carboxyl groups on the bead surface. As the immobilization is dependent on the concentration of PEG and salt in the reaction, the volumetric ratio of beads to DNA is critical. 

SPRI is great for low concentration DNA cleanup that is why it is used in so many kits. The reagents are easy to handle and a user can process 96 samples very easily in a standard plate. Alternatively the protocol can be easily automated and tens or hundreds of plates can be run on a robot in a working day. The binding capacity of SPRI beads is huge. 1ul of AmpureXP will bind over 3ug DNA. 

	[image: http://1.bp.blogspot.com/-dAf9wAkEvJU/T5lpRl5tHnI/AAAAAAAAAT0/R_n9MO9EEKI/s400/Screen+Shot+2012-04-18+at+13.13.07.png]

	This is the typical SPRI protocol from Beckmans website.





Size-selection with SPRI: Again the concentration of PEG in the solution is critical in size-selection protocols so it can help to increase the volume of DNA you are working with by adding 10mM Tris-HCL pH 8 buffer or H2O to make the pipetting easier. The size of fragments eluted from the beads (or that bind in the first place) is determined by the concentration of PEG, and this in turn is determined by the mix of DNA and beads. A 50ul DNA sample plus 50ul of beads will give a SPRI:DNA ratio of 1, as will 5ul pipetting (but much harder to get right). As this ratio is changed the length of fragments binding and/or left in solution also changes, the lower the ratio of SPRI:DNA the higher larger the final fragments will be at elution. Smaller fragments are retained in the buffer usually discarded and so you can get different size ranges from a single sample with multiple purifications. Part of the reason for this effect is that DNA fragment size affects the total charge per molecule with larger DNAs having larger charges; this promotes their electrostatic interaction with the beads and displaces smaller DNA fragments
	[image: http://3.bp.blogspot.com/-niSNI5ueTtQ/T5lpPadylFI/AAAAAAAAATc/VUc6cV8s8ms/s320/BBC+SPRI+ratio+impact+on+DNA+size.png]

	SPRI size selection from Broad "boot camp"



	[image: http://1.bp.blogspot.com/-QqGrkMy7OIc/T5lpQLQf4gI/AAAAAAAAATg/k-psqyyT70k/s320/BBC+SPRI+size+selection.png]

	SPRI size selection from Broad "boot camp"


. 
Broad Boot Camp http://www.broadinstitute.org/scientific-community/science/platforms/genome-sequencing/broadillumina-genome-analyzer-boot-camp 


[image: http://3.bp.blogspot.com/-uDo4rgMg6XQ/T5lpZm9s-5I/AAAAAAAAAT8/3tOOtYg76Rc/s1600/WithBeadfrom+Fisher.jpg]With-bead SPRI cleanup: An incredibly neat modification of SPRI clean-up is the “with-bead” method developed by Fisher et al in the 2011 Genome Biology paper. Rather than using SPRI to clean-up discrete steps in a protocol these are integrated into a single reaction tube method, thus reducing the number of liquid transfer steps. After each step DNA is bound to beads by addition of the 20% PEG, 2.5M NaCl buffer, washes are performed as normal with 70% ethanol but the DNA is not eluted and transferred. Rather the master-mix for the next step in the protocol is added directly to the tube. The final DNA product is eluted from beads for further processing e.g. Illumina sequencing. This modification increases DNA yields in Illumina library prep as multiple transfer steps are removed, reducing the amount of DNA lost at each transfer. 


How will you use SPRI in your lab?

PS: the Qiagen PE bottle contains 6ml of water.

PPS: If DNA and Carboxyl are both negatively charged what is happening on a SPRI bead? There appears to be a bit of a black hole in the literature I read through about how the SPRI beads actually work at the molecular level. Digging around some more it appears that the PEG can induce a coil-to-globule state change in the DNA with the NaCl helping to reduce the dielectric constant of the solvent, PEG also acts as a charge-shield. These mechanisms may be behind the "crowding" talked about on other sites. Perhaps someone out there can enlighten me?
Refs:
Lis JT. Size fractionation of double-stranded DNA by precipitation with polyethylene glycol Methds Ezymol (1975)
Lis J. Fractionation of DNA fragments by polyethylene glycol induced precipitation. Methds Ezymol (1980)
DeAngelis et al. Solid-phase reversible immobilization for the isolation of PCR products. NAR (1995)
Hawkins et al. DNA purification and isolation using a solid-phase. NAR (1994) 


AppendixIII

A) Run the gel at 75V until the loading dye is past the number 3 line.
[image: Macintosh HD:Users:ageraldes:Documents:UBC:Goshawk:Irwin_Lab:Gel_Photos:FullSizeRenderlow.jpg]

B) Example gel. Note that this is for the NOGO project where in some instances we cut the band between 300-400bp and sometimes the 400-500bp band. 
[image: Macintosh HD:Users:ageraldes:Documents:UBC:Goshawk:Irwin_Lab:Gel_Photos:nogoII_GBSPCR_I_june24th_POOLS_CUT.tif]





C) 100bp ladder, Invitrogen. [image: ]


AppendixIV: QIAGEN GEL EXTRACTION KIT
[image: Macintosh HD:Users:ageraldes:Documents:UBC:Goshawk:Irwin_Lab:gel_extraction.pdf]
[image: Macintosh HD:Users:ageraldes:Documents:UBC:Goshawk:Irwin_Lab:gel_extraction.pdf]
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Note:

During 2% agarose gel electrophoresis with tris-
acetate (pH 7.6) as the running buffer, bromophenol
blue migrates near the 100-bp fragment. The 100-bp
band migrates behind the bromophenol blue marker on
6% polyacrylamide gels with tris-borate (pH 8.0) as
the running buffer.

Part of the 600-bp band may migrate anomalously
slowly in polyacrylamide gels (1,2,3). This band may
appear as an extra band near or on top of the 700-bp
band.

References:

1. Hsieh, C., et al. (1991) Mol. Gen. Genet. 225, 25.
2. Stellwagen, N.C. (1983) Biochemistry 22, 6186.
3. Jordan, H. and Hartley, J. (1997) Focus® 19, 9.

2% agarose gel stained with ethidium bromide.
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Protocol: QIAquick Gel Extraction Kit
using a Microcentrifuge
This protocol is designed to extract and purify DNA of 70 bp to 10 kb from standard or
low-melt agarose gels in TAE or TBE buffer. Up to 400 mg agarose can be processed per spin
column. This kit can also be used for DNA cleanup from enzymatic reactions (see page 7).
For DNA cleanup from enzymatic reactions using this protocol, add 3 volumes of Buffer
QG and 1 volume of isopropanol to the reaction, mix, and proceed with step 6 of the
protocol. Alternatively, use the MinElute Reaction Cleanup Kit.



Important points before starting
■ The yellow color of Buffer QG indicates a pH ≤7.5.
■ Add ethanol (96–100%) to Buffer PE before use (see bottle label for volume).
■ All centrifugation steps are carried out at 17,900 x g (13,000 rpm) in a conven-



tional table-top microcentrifuge at temperature (15–25°C).



Procedure
1. Excise the DNA fragment from the agarose gel with a clean, sharp scalpel.



Minimize the size of the gel slice by removing extra agarose.
2. Weigh the gel slice in a colorless tube. Add 3 volumes of Buffer QG to 1 volume of



gel (100 mg ~ 100 µl).
For example, add 300 µl of Buffer QG to each 100 mg of gel. For >2% agarose
gels, add 6 volumes of Buffer QG. The maximum amount of gel slice per QIAquick
column is 400 mg; for gel slices >400 mg use more than one QIAquick column.



3. Incubate at 50°C for 10 min (or until the gel slice has completely dissolved). To help
dissolve gel, mix by vortexing the tube every 2–3 min during the incubation.
IMPORTANT: Solubilize agarose completely. For >2% gels, increase incubation time.



4. After the gel slice has dissolved completely, check that the color of the mixture is
yellow (similar to Buffer QG without dissolved agarose).
If the color of the mixture is orange or violet, add 10 µl of 3 M sodium acetate,
pH 5.0, and mix. The color of the mixture will turn to yellow.
The adsorption of DNA to the QIAquick membrane is efficient only at pH ≤7.5.
Buffer QG contains a pH Indicator which is yellow at pH ≤7.5 and orange or violet at
higher pH, allowing easy determination of the optimal pH for DNA binding.



5. Add 1 gel volume of isopropanol to the sample and mix.
For example, if the agarose gel slice is 100 mg, add 100 µl isopropanol. This step
increases the yield of DNA fragments <500 bp and >4 kb. For DNA fragments
between 500 bp and 4 kb, addition of isopropanol has no effect on yield.
Do not centrifuge the sample at this stage.
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6. Place a QIAquick spin column in a provided 2 ml collection tube.



7. To bind DNA, apply the sample to the QIAquick column, and centrifuge for 1 min.



The maximum volume of the column reservoir is 800 µl. For sample volumes of more
than 800 µl, simply load and spin again.



8. Discard flow-through and place QIAquick column back in the same collection tube.



Collection tubes are reused to reduce plastic waste.
9. Recommended: Add 0.5 ml of Buffer QG to QIAquick column and centrifuge for 1 min.



This step will remove all traces of agarose. It is only required when the DNA will
subsequently be used for direct sequencing, in vitro transcription, or microinjection.



10. To wash, add 0.75 ml of Buffer PE to QIAquick column and centrifuge for 1 min.



Note: If the DNA will be used for salt-sensitive applications, such as blunt-end ligation
and direct sequencing, let the column stand 2–5 min after addition of Buffer PE,
before centrifuging.



11. Discard the flow-through and centrifuge the QIAquick column for an additional 1 min
at 17,900 x g (13,000 rpm).



IMPORTANT: Residual ethanol from Buffer PE will not be completely removed unless
the flow-through is discarded before this additional centrifugation.



12. Place QIAquick column into a clean 1.5 ml microcentrifuge tube.



13. To elute DNA, add 50 µl of Buffer EB (10 mM Tris·Cl, pH 8.5) or water (pH 7.0–8.5) to the
center of the QIAquick membrane and centrifuge the column for 1 min. Alternatively,
for increased DNA concentration, add 30 µl elution buffer to the center of the QIAquick
membrane, let the column stand for 1 min, and then centrifuge for 1 min. After the
addition of Buffer EB to the QIAquick membrane, increasing the incubation time to
up to 4 min can increase the yield of purified DNA.



IMPORTANT: Ensure that the elution buffer is dispensed directly onto the QIAquick
membrane for complete elution of bound DNA. The average eluate volume is 48 µl
from 50 µl elution buffer volume, and 28 µl from 30 µl.
Elution efficiency is dependent on pH. The maximum elution efficiency is achieved
between pH 7.0 and 8.5. When using water, make sure that the pH value is within
this range, and store DNA at –20°C as DNA may degrade in the absence of a
buffering agent. The purified DNA can also be eluted in TE buffer (10 mM Tris·Cl,
1 mM EDTA, pH 8.0), but the EDTA may inhibit subsequent enzymatic reactions.



14. If the purified DNA is to be analyzed on a gel, add 1 volume of Loading Dye to 5
volumes of purified DNA. Mix the solution by pipetting up and down before loading
the gel.



Loading Dye contains 3 marker dyes (bromophenol blue, xylene cyanol, and orange
G) that facilitate estimation of DNA migration distance and optimization of agarose
gel run time. Refer to Table 2 (page 14) to identify the dyes according to migration
distance and agarose gel percentage and type.
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