FHL Apprenticeship Autumn 2006:

Ecological and Evolutionary Analysis of Spatial Variation in Marine Systems


Molecular Lab 5:
PCR Cleanup & Sequencing

Part 1: PCR Cleanup – EXO-SAP

Introduction

PCR products contain not only a large number of copies of the template DNA, but also residual dNTPs and primers.  Prior to any sequence analysis, it is necessary to “cleanup” the PCR products.  Several techniques and commercial kits are available to purify PCR products (filters and spin columns, enzymes, etc).  Here, we will use the enzymes Exonuclease I (EXO) and Shrimp Alkaline Phosphatase (SAP) for PCR cleanup.  EXO degrades single stranded DNA in a 3’ to 5’ direction to yield 5’ mononucleotides, and thus, cuts up any residual primers.  SAP acts by removing 5’-phosphates from DNA fragments, which effectively inactivates residual dNTPs within the PCR reaction.  Both enzymes are heat labile, so they can be inactivated after the reaction by incubating for 15 minutes at 80C.  The method is quick, easy, and relatively cost-effective.  Moreover, EXO-SAP purification results in a 100% yield of PCR product.
Reagents & Equipment

· Ice bucket and ice

· Eppendorf tubes (0.5ml and 1.5ml)

· PCR tubes (0.2ml)

· Fine point Sharpie marker

· Pipettes and tips

· EXO (Exonuclease I)

· SAP (Shrimp Alkaline Phosphatase)

· Thermocycler

· Freezer (@ –20C)

Protocol

1) thaw out PCR products; keep on ice

2) for each PCR reaction, label a 0.5 ml eppendorf tube or PCR tube

3) pipette 10 ul of each PCR product into a labeled tube

4) make up a 1:1 mixture of EXO:SAP in a 1.5 ml tube

5) pipette 2 ul of EXO:SAP into each PCR reaction sample

6) mix by pipetting up and down

7) cap tube; place on ice

8) turn on thermocycler to warm up plate

9) run samples under program: 37 C for 15 min, 80 C for 15 min, 4 C hold

10) place samples on plate upon start of program

11) upon completion, remove samples from thermocycler; place in freezer until sequencing

Part 2: Sequencing

Introduction

Prior to sequencing, cleaned PCR products must go through a final PCR reaction with the Big Dye mix to incorporate labeled dyes that are later detected by the sequencing machine.  Following this final PCR, the products will need to undergo one final purification step, which acts to rid of any unincorporated dyes and excess primer.  Finally (yes, really), you will set up the sequencing machine (ABI 377), pour the gel (polyacrylamide), load your samples into the gel, and run the machine.  If all goes well, you will achieve gorgeous sequence in the form of strong, consistent peaks in the sequence file (“chromatogram”).  Please note, that the gel accommodates up to 18 samples, but if you choose to skip lanes, then you will only be able to run 9 samples at any one time.

Reagents & Equipment

PCR template

Primer

Big Dye reaction mix

5X buffer

Sterile, milliQ water

Sephadex G-50

Ice

DIH2O

Ethanol

Bromophenol Blue

Formamide

Alconox

Urea

Long Ranger Acrylamide

5X TBE

APS

TEMED

1X TBE

Gloves

Kimwipes

PCR tubes (0.2 ml)

Eppendorf microcentrifuge tubes (1.5 ml)

Pipettes/tips

Glass micropipette and tips (size G)

Thermal cycler

Centri-sep Spin columns (filter and collection turbes - recycled)

Microcentrifuge (@ room temperature)

Speed vac

Heat block (@ 95 C)

Beaker

Graduated cylinder

Magnetic stir bar

Stir plate

Filter apparatus and pump

Whatmann glass filters

Gel plates

Gel spacers

Gel combs (casting and loading)

Gel clamps

ABI 377 sequencer

Protocol

Big Dye Chemistry and Cycle Sequencing

1) to conserve on costs, dilute reactions to “1/4”: half the volume (20 ul => 10 ul) and dilute Big Dye mix by one half of vendor’s recommendations [note: there is a drop in signal strength between “1/4” and “1/8” reactions, therefore 1/4 reactions are usually used as a first attempt; if this works well, you can bump it down further to 1/8 reactions (half volume, quarter dilution)]

2) reactions may be set up at room temperature or on ice

3) in each 0.2 ml PCR tube, combine the following to obtain 1/4 reactions:

PCR template (post-EXOSAP)
1-2 ul (see chart below)

Primer (10 uM stock)

0.33 ul (= 3.3 pmol)

Big Dye mix



2 ul

5X buffer 



1 ul

Sterile, milli-Q water


up to 10 ul

Final Volume


10 ul

4) mix by flicking tube gently; give short spin in microcentrifuge

5) place samples in thermal cycler on the following program: 96 C for 10 secs, 50 C for 5 sec, 60 C for 4 mins for 25 cycles (bump to 40 cycles if weak signal in prior sequencing attempts)

6) upon completion, remove from machine, and store at –20 C

PCR product length (bp)


amount of template (ng)

100-200 1-3

200-500 3-10

500-1000 5-20

1000-2000 10-40

>2000




40-100

* general rule of thumb: best results achieved with 2 ng of template for every 100 bp of product (e.g., 600 bp product => need 12 ng template)

Gel Preparation

1) each glass plate should have been previously washed and set aside to dry by previous user, but it is important that each plate is free of any marks or debris (dust, lint, etc.), so it is necessary to wash each plate again

2) with gloved hands, wash each plate with 1% alconox (additional alconox is next to the sink if more needs to be made)

3) do NOT let the bottom portion of the plate (where the laser reads) rest or scrape against any hard surfaces to avoid scratches

4) rinse each plate with DIH2O; place each plate in drying rack with outside facing down (to differentiate between the outside and inside of each plate, align the numbers that have been etched into the upper part of the plate; when numbers are aligned, the insides of both plates will be touching each other)

5) allow to dry completely

6) in a 250 ml beaker with a  magnetic stir bar, add the following reagents

18 g Urea (use working container located over sink; additional stock is found under the sink)

5 ml Long Ranger Acrylamide (use glass pipette and black pipette bulb S=suck, E=eject)

10 ml 5X TBE (freshly made; measure out with large graduated cylinder)

21 ml DIH2O (if container is near empty, fill up from hallway source)

[urea denatures the DNA, and keeps the DNA dissociated while running through the gel]

7) place beaker on magnetic stir plate and let stir for 10-15 minutes until all of the urea has gone into solution; if urea does not dissolve, then gel will not polymerize correctly

8) now prepare the plates; place non-eared plate onto the casting rack outer side down; plate should be free of any lint or dust; remove any particles with a kimwipe and ethanol

9) lightly wet one side of each spacer and place water-side down along each side of the bottom plate (non-eared); squeeze out any air bubbles that form under the spacers and wipe the excess water from the inner edge; wetting spacers facilitates the sliding of the top plate as well as helps create cohesion of spacers to bottom plate; water should not drip onto main surface plate

10) flip top plate (eared) so that the serial number of top plate is facing up; place plate, ears first, slightly overlapping the bottom of the non-eared plate; plates should overlap by about 1 inch 
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11) filter acrylamide mixture using Whatmann glass microfiber filters (use WHITE filter, not blue paper that separates filters); place filter (either side down) on glass filtering apparatus, and place filtering apparatus on flask; plug into pump and turn on; once mixture has gone through filter, remove flask from pump, dissemble apparatus and wash well to avoid residual acrylamide accumulating in flask; if you plan to pour another gel in the same day, you can use the same filter twice

12) add 125 ul of freshly prepared 10% APS (ammonium persulfate) (0.05 g in 0.5 ml milliQ water) and 17 ul of TEMED (tetramethyl ethylene diamine) to the acrylamide solution; mix by swirling, but do not introduce air bubbles into the solution

[APS and TEMED initiates gel polymerization]

13) gently pour a small puddle of activated acrylamide near the edge of the overlapping plates; surface tension will draw acrylamide in between plates; as gel spreads across plates, gently push top plate towards the top of the bottom plate; continue to pour acrylamide as needed; watch the bottom of the plates closely to ensure that no bubbles are introduced; pushing plates too quickly will result in air bubbles being introduced between plates, while pushing too slowly will result in excessive loss of acrylamide via dripping around the spacers; watch the bottom edge for bubble formation; if a bubble forms, drag the top plate backward to pull the bubble off the edge; you may have to hold the spacers in place to avoid them from buckling; continue to pour acrylamide solution as needed until plates are completely flush
14) once gel has been completely poured, drip a small bead of acrylamide at the top (leading edge) of the gel; then take the casting comb, place one corner on the bead of acrylamide and gently lower the comb onto the plate so that the rectangular edge of the comb is against the plates; angle the comb to prevent air bubbles from becoming trapped beneath the comb (which will affect the leading edge of the gel once clamped)

15) once comb is fully on plate, gently edge one corner in between the two plates; continue until the comb is fully in place

16) clamp plates together; place clamps on opposite sides of the gel simultaneously; clamps should be placed on the areas where the comb and spacers sit; use 4 clamps on the comb, and 4 clamps on each of the spacers

17) allow gel to polymerize for at least 2 hours; do not move plates during polymerization

Purifying PCR Products

1) rid each reaction of unincorporated dye labeled nucleotides and excess primer by filtration with Centri-sep Spin columns and Sephadex

2) to use recycled columns, hydrate 1 g Sephadex G-50 with 16 ml sterile (autoclaved), milli-Q water and place in refrigerator overnight; solution can be stored at 4 C for up to 2 weeks, so plan ahead

3) let Sephadex solution sit at room temperature for 2 hours just before loading into columns

4) reassemble spin columns: filter column sits in large collection tube

5) pipette 800 ul hydrated Sephadex solution into empty spin columns; remove any air bubbles by flicking (important!)

6) centrifuge columns at 2.7 rpm (~ 750 xg) for 2 minutes; keep track of position of column (number columns and note number of centrifuge position) to avoid mixing up samples

7) discard flow through and blot column dry with kimwipe

8) place each column into a sterile 1.5 ml eppendorf tube, and pipette sample directly into the center of the gel bed; do NOT touch the gel surface or sides of tube with pipette tip

9) spin column and collection tub at 2.7 rpm (~ 750 xg) for 2 minutes; again, keep track of position of columns; the highest point of the gel bed should always point towards the outside of the rotor (cap tabs up!)

10) remove column from eppendorf; purified sample has been collected at bottom of eppendorf tube; number or label sample and cap each tube 

11) transport to speed vac apparatus (located in radiation room, under stockroom)

12) uncap samples and place in speed vac; to operate: (in this order) first, turn on pump (on/off at back of machine), turn valve to stop air flow (horizontal position), turn on condensation trap, connect black hose to back of speed vac, and close lid of speed vac; then, turn rotor to “on”, dry heat to “high”, and turn valve to start airflow and create vacuum (in this order)

13) run for 20-30 minutes, until all liquid has evaporated

14) turn off by shutting valve off to stop air flow (back to horizontal position), slowly removing black hose from back of speed vac (you should hear it slowly bleed out), turning off speed vac rotor [note: avoid turning pump on and off quickly, as it is hard on the motor]

15) check samples to see if dry; if samples still look wet (can see liquid), then return samples to speed vac, turn on rotor, reattach black tubing and open pump valve; check samples again in ten minutes
16) if samples dry, then turn off pump and condensation trap (in this order)

17) samples can be stored at 4 C until ready for next steps

18) remember to recycle used spin columns: clean each column of dried gel, rinse both column and collection tubes 3-4 times with distilled water, and a final rinse with ethanol; alternatively, place both filter columns and collection tubes in beaker with DIH2O and magnetic stir bar, and spin for 30 minutes; set to dry

Prep Samples for Polyacrylamide Gel Electrophoresis (PAGE)

1) resuspend pelleted sample in 3 ul of blue 377 dye (1part bromophenol blue dye:5 parts formamide = e.g., for 12 samples, need 36 ul, but to account for pipetting error, make a total of 40-42 ul: 7 ul dye + 35 ul formamide = 42 ul total => 3 ul into each sample)

[bromophenol blue helps visualize sample loading; formamide denatures DNA]

2) reflux pipette back and forth to completely resuspend pellet, or gently flick tube

3) give short spin in centrifuge to pool samples to bottom of tubes (if necessary)

4) heat samples to 95 C for 3 minutes, and then place on ice to denature DNA and maintain dissociation; keep on ice until ready to load gel

Sequencer Set-up

1) remove clamps from plates and comb region

2) remove casting comb by slowly pressing up on white plastic bar with your thumbs

3) wash sequencing plates; rinse excess acrylamide in sink (dispose of in nearby waste bin); use small amount of 1% alconox to make sure that all acrylamide is removed; and rinse all acrylamide out of the set well; rinse plates with DIH2O; you may see small bubbles along the sides of the plates – this is okay, as long as there are no bubbles in the main region of the gel

4) allow plates to air dry; squigee may be used to remove excess water; again, it is important to not scratch the laser reading area, so be careful; laser reading area must be spotless or you WILL have to wash the plates again; NOTE: bottom plate must be dry before placed on sequencer machine because plate sits next to heating pad, and will become too hot

5) place dry plates into plate mounting rack; notches on the non-eared plate should fit snuggly against the pins on the plate mounting rack; move plate down until you feel it fit into place; then lock plate into rack by snapping middle 2 locks on each side (make sure that you turn the locks in the right direction to really lock the plates in); no force should be required to lock in plates; if plate does not lock in easily, check alignment; move laser bar down against plates, and snap bottom 2 locks on each side

6) attach lower buffer chamber by first plugging in the red wire, and then positioning it into place

7) place plates and mounting rack into machine; again, this should be an easy fit, and never forced; plates need to align with pins and mounting clamps; once positioned correctly lock in mounting rack; if rack does not lock easily, double check alignment

8) at computer, click on ABI PRISM icon; click on SEQUENCING ANALYSIS; click on FILE, then NEW, and finally, SEQUENCE SAMPLE; a sequence sample sheet will appear; create sample sheet for your sequences by naming samples within each lane cell; go to FILE SAVE, and save file with your name and date of run; close file, and click on NEW SEQUENCE RUN

9) close door of machine and turn on (bottom left front corner);  when the machine is ready, return to computer, choose PLATE CHECK E, and run PLATE CHECK; after 1-2 minutes scan lines should appear; these should be flat and show no significant peaks; if not, then this indicates that gel plates are not completely clean (remove gel from machine, and clean again – a bummer, but absolutely necessary); once scan lines are flat, hit CANCEL, and then TERMINATE

10) prepare 1500 ml 1X TBE (dilute 300 ml 5X TBE in 1200 ml DIH2O); TBE should be fresh and free of salt precipitate (this step can be done beforehand, or if you are working in pairs, you can have one person prepare the TBE while the other is setting up the plates)

11) attach upper buffer chamber by first plugging in black wire, and then positioning and locking into chamber (NOTE: back notch on right side of chamber has broken off, so make sure chamber is positioned correctly and secure before locking into place with top locks – this can be done by positioning the left notch and then eyeing it to make sure that the chamber is level – most important, the fill line on the chamber must be above the comb area); fill UPPER chamber with 1X TBE up to fill line; fill main compartment of LOWER chamber so that the buffer just crests the wall that leads to smaller adjacent chamber; do NOT splash buffer behind plate

12) close door and start PRE-RUN to preheat gel; when temperature reaches 50-51 C (~ 20-30 minutes), the gel is ready to load; hit PAUSE to maintain temperature; close other windows

Loading Gel

1) PRERUN should remain on PAUSE

2) open the door of the 377

3) turn on flood light by plugging in cord

4) using a 60 cc syringe, aspirate buffer from the upper buffer chamber, point syringe in between plates, and squirt buffer into well to rinse excess urea from well; a few times of this should suffice; be sure not to spill buffer over the front or back of plates

5) you should be able to visualize the leading edge of the gel; look for the shape of well created by casting comb

6) insert plastic loading comb (prongs pointed downward); position comb in between plates and at an angle; adjust comb so that tips of prongs just penetrate edge of gel (2-3 mm deep); if you accidentally jam the comb too far into gel, do NOT remove – simply continue loading; place a piece of tape on comb to ensure that it does not shift during loading (optional)

7) for loading samples, use micropipette and tip (size G) (both located in pipette drawer); load a single sample (3 ul volume) into a single lane; position pipette over number of lane that you wish to load sample; carefully lower pipette tip in between plates and into lane (pipette tip is fragile and will bend and flick easily so its useful to have a steady hand); load sample in between prongs, so that the sample sinks down into the lane; pipette slowly to minimize sample loss and bleed over into adjacent lanes; you should see your sample (with dye) load into lane

8) if you do not have enough samples to fill the entire plate, you may want to skip lanes, which will minimize any bleed over, and make tracking your samples much easier (see analysis below)

9) in between samples, rinse pipette up and down in buffer, and dry with kimwipe

10) when finished loading gel, place cover on upper buffer chamber to avoid evaporation of buffer overnight as machine runs

11) close door of machine; turn off flood light by unplugging

12) return to computer, and start run by hitting CANCEL to terminate prerun pause; pull up sample sheet that you previously created by selecting name of sample sheet in dropdown menu; hit RUN and SAVE

13) given time, check your run within a few hours to ensure that the machine is running properly

Breaking Down Gel

1) upon completion of the run, turn off the sequencer

2) computer freezes once run is complete, so it is necessary to RESTART the computer

3) while computer is restarting, open door of sequencer

4) drain buffer from both upper and lower buffer chambers to avoid any spillage during removal of chambers

5) remove lid from upper buffer chamber; rinse and set to dry

6) unplug, unlock, and remove upper buffer chamber; rinse and set to dry

7) unlock and remove gel and mounting rack as one unit; VERY IMPORTANT: make sure that plates are still secure in mounting rack; the rack may feel like its stuck (due to moisture on back of plate); just slowly jiggle rack until you break the seal; carefully transport rack and plates to sink or bench

8) gently place mounting rack in sink or on bench; unlock plates from mounting rack, and carefully remove plates from mounting rack; lean plates gently in sink

9) rinse mounting rack, and set aside to dry

10) separate glass plates with a flat razor blade (extras located over sink); VERY carefully wedge razor blade in between plates on non-eared side (ears appear to break off easily, so avoid this area); do NOT pry or force, or you WILL break the plate (each plate costs hundreds of dollars); start by wedging underneath one of the spacers until spacer is free enough to slide out; remove spacer; with a bit of patience, the plates should separate easily, but if they do not, place plates in sink and slowly run water into any gap you have created; once plates begin to separate, turn plates over, and repeat process on other side, starting with the removal of the spacer; eventually the plates will separate

11) rinse top and bottom plate of buffer and gel; place towel directly on top of gel, and remove towel (gel should stick to towel); do NOT wipe towel across plates (results in scratching); wash with 1% alconox and sponge; rinse well with DIH2O and carefully place plates in drying rack on side

12) unplug and remove lower buffer chamber; rinse and set to dry

13) wipe excess buffer from sequencer

14) clean all used glassware, dispose of any waste, and make sure that the room is tidy for the next user; report if any equipment has been broken or if reagents are low

Analyzing Results

15) save your run folder onto a disk, and move folder into your own personal directory if you wish to have a backup copy

1) go to RUN folder on desktop

2) during the run, three files will be created: 1) GEL file, 2) LOG file, and 3) RUN file

3) click on GEL file

4) you should see the lanes with bands of color across each lane containing sample

5) because the computer does not track the lanes perfectly, you may have to adjust manually the tracking by clicking on each track lane and dragging to the correct position

6) repeat tracking for each lane; if it appears difficult to differentiate between lanes, click on GEL and then ADJUST… to adjust colors (this will adjust the colors of the peaks as they appear on the screen, but not your results)

7) once the tracking is set to your desire, go to GEL and EXTRACT; the program will go through lane by lane and extract the data, and will create two files for each lane: 1) CHROMATOGRAM, and 2) SEQUENCE 

8) save files to your personal folder; and back up either on disc or through the network

9) remove these files from run module folder to clear space for other users
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