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LAB NGS: NEXT GEN SEQUENCING 
 
WHOLE GENOME SEQUENCING OF E.COLI USING ION PGM NEXT GEN 
SEQUENCING SET-UP 
 
This procedure will involve the preparation of a small genomic library sample 
(from e.coli), suitable for whole genome sequence via massively parallel 200bp 
reads. Then this library prep will be mixed with Ion Sphere Particle beads (ISPs), 
via the use of an apparatus known as a OneTouch 2, whereby ISPs are then 
qualified, enriched and then used for sequencing in the Ion PGM device.  Overall, 
the procedure that we’ll do in class, is very similar to that which is done during 
training sessions that Ion Torrent will provide when a machine is purchased 
and/or activated for use.  Since only one library and one chip can be run at a 
time, several elements of this stream will be demoed, but there will be sections 
where each client will be able to manipulate steps with extra kit components.  
 
PART ONE: LIBRARY PREPARATION AND QUANTITATION 
 
Note that throughout this procedure, you must pay careful attention to your 
pipetting technique.  Although, Next Gen Sequencing protocols are relatively 
straightforward, they do tend to be “busy” in the sense that there are many steps 
that are relatively unforgiving of even minor errors in pipetting or incubation 
times.   
 
Today’s main task is to prepare our e. coli (DH10B strain) library of fragments are 
roughly >200bp in size (actually about 300 to 370bp in size).  This population of 
tagged fragments will be used with a Ion PGM 314 Chip which is designed to 
sequence fragments approximately 200 base pairs at a time. 
 
PROCEDURE (WORKING IN PAIRS) 
 

1. We will start with a 10ul aliquot of high quality e. coli genomic DNA (100ng 
in total).   With this, prepare the following reaction using the below table 
(green stickered tubes). 
 
DNA (DH10B e. coli genomic)-----------------10.0ul 
NEBNext DNA Fragmentation Reaction Buffer----2.0ul 
Nuclease Free H2O----------------------------6.5ul 
Total Vol-----------------------------------18.5ul 

 
2. Vortex for 3 seconds, pulse spin and place on ice. 
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3. Vortex the vial of NEBNext DNA Fragmentation Master Mix for 3 seconds 
and pulse spin to collect liquid from the sides of the tube. 

 
4. Add 1.5 µl of NEBNext DNA Fragmentation Master Mix to the microfuge 

tube, vortex for 3 seconds and pulse spin. 
 

5. Incubate in a thermal cycler (we’ll use the Biorad iCycler in the back of the 
room) for 20 minutes at 25°C, followed by 10 minutes at 70°C, hold at 4°C 
(genomic DNA getting fragmented here). 

 
6. Pulse spin the microfuge tube and place on ice.  This is your fragment 

DNA sample. 
 

7. To the fragmented DNA sample, add the following as described below in 
the table (red stickered tubes). 

 
T4 DNA Ligase buffer-----------------------4.0ul 
Nuclease free H2O--------------------------1.0ul 
NEBNext DNA Library Adaptors--------------10.0ul 
Bst 2.0 WarmStart DNA Polymerase-----------1.0ul 
T4 DNA Ligase (add last)-------------------4.0ul 

 Total added Vol---------------------------20.0ul 

 
8.  The total volume in the microcentrifuge tube should be 40ul.  Mix the 

contents by pipetting up and down several times. 
 

9. Incubate in a thermal cycler (Biorad iCycler) for 15 minutes at 25°C, 
followed by 5 minutes at 65°C, hold at 4°C. 

 
10. Add 5 µl Stop Buffer, vortex and pulse-spin.  Total volume of our sample 

(now fragmented and with adaptors ligated on) is 45.0ul. 
 
Note, at this stage, we need to size select our library fragments (i.e we want a 
prep where the fragments have similar sizes, as this works best for next 
generation sequencing protocols where many fragments are sequenced in 
parallel).  We will be using AMPure XP beads which can cause aggregation of 
fragments in a size dependent fashion, as determined by the concentration of 
beads used. 
 

11. Add 55 µl 0.1X TE to the adaptor ligated DNA from step 10 to bring the 
total volume to 100 µl. 
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1st Bead Selection to Remove Large Fragments: This step is used to bind the 
large, unwanted fragments to the beads. The supernatant will contain the desired 
fragments. 
 

12. Add 70 µl (0.7X) resuspended AMPure XP Beads to 100 µl DNA solution. 
Mix well on a vortex mixer or by pipetting up and down at least 10 times. 
 

13. Incubate for 5 minutes at room temperature. 
 

14. Place the tube on a magnetic rack to separate the beads from the 
supernatant. After the solution is clear (about 5 minutes), carefully transfer 
the supernatant to a new tube (Caution: do not discard the supernatant). 
Discard beads that contain the large fragments. 

 
2nd Bead Selection to Remove Small Fragments and to Bind DNA Target: This 
step will bind the desired fragment sizes (contained in the supernatant from step 
13) to the beads. Unwanted smaller fragment sizes will not bind to the beads. 

 
15. Add 15 µl (0.15X) resuspended AMPure XP Beads to the supernatant, mix 

well and incubate for 5 minutes at room temperature. 
 

16. Put the tube on a magnetic rack to separate beads from supernatant. After 
the solution is clear (about 5 minutes), carefully remove and discard the 
supernatant. Be careful not to disturb the beads that contain DNA targets. 

 
17. Add 200 µl of 80% freshly prepared ethanol to the tube while in the 

magnetic stand. Incubate at room temperature for 30 seconds, and then 
carefully remove and discard the supernatant. 

 
18. Repeat Step 17 once. 

 
19. Keeping the tube on the magnetic rack, with the cap open, air dry the 

beads for 5 minutes.  Caution: Do not overdry the beads. This may 
result in lower recovery of DNA target. 

 
20. Remove the tube from the magnet. Elute DNA target from beads into 42 µl 

0.1X TE. Mix well on a vortex mixer or by pipetting up and down, and 
incubate for 2 minutes at room temperature. 

 
21. Put the tube in a magnetic rack until the solution is clear. Transfer 

approximately 40 µl of the supernatant to a clean tube (This is your size 
selected library prep). 
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22. Using this library prep, mix the following components in a sterile 
microcentrifuge tube as below: 
 
Adaptor ligated size selected DNA-----------------40.0ul 
Primers--------------------------------------------4.0ul 
Sterile H2O----------------------------------------6.0ul 
NEBBext Q5 Hot Start HiFi Master Mix--------------50.0ul 
Total Vol----------------------------------------100.0ul 

 
And using the following PCR conditions: 
 
STEP1 (Initial Hot Start)------------------------98C---30s. 
STEP2 (Cycle x8)  denaturation   98C   10s 
    Annealing    58C   30s 
    Elongation    65C   30s 
STEP3 (Fill)-------------------------------------65C---5min 
HOLD          4C 
 

23. After your PCR, add 90 µl (0.9X volume) of AMPure XP Beads to the 
100ul PCR sample and mix by pipetting up and down. 
 

24. Incubate for 5 minutes at room temperature. 
 

 
25. Pulse spin the tube and place in a magnetic rack for 2–3 minutes until the 

beads have collected to the side of the tube and the solution is clear. 
 

26. Carefully remove and discard the supernatant without disturbing the 
beads. 

 
27. While the tube is on the magnet, add 200 µl of freshly prepared 80% 

ethanol. 
28. Incubate at room temperature for 30 seconds and carefully remove and 

discard the supernatent. 
 
29. Repeat steps 27-28. 

 
30. Keeping the tube in the magnetic rack, with the cap open, air dry the 

beads for 5 mintues. Caution: Do not overdry the beads. This may result in 
lower recovery of DNA target.  

 
31. Remove the tube from the magnet. Resuspend the beads in 25 µl of 0.1X 

TE. Mix well on a vortexer or by pipetting up and down, and incubate for 
2 minutes at room temperature.  
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32. Put the tube on the magnetic rack until the solution is clear. Transfer 
approximately 20 µl to a clean tube.  This is your final amplified 200bp 
library! 

 
33. We will next use the Qubit to assess the concentration of your library 

sample: this will be demonstrated first in class, and then you will use the 
apparatus to obtain yield numbers.  We will use the best sample in class 
for our subsequent steps. 
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PART TWO: USE OF ONETOUCH 2 DEVICE TO PREPARE TEMPLATE-
POSITIVE ION PGM ISPs (ION-SPHERE PARTICLES). 
 
This part of the procedure involves linking library fragments (via the adaptors) to 
ion sphere particles (ISPs), compartmentalizing single ISPs into individual 
microdroplets, and then allowing an amplification process to occur to expand 
each clonal population of fragment per ISP.  This is done in such a way that we 
hope to have about 10 to 30% of ISPs enriched with said fragments.  This 
number has been determined to best ensure the likelihood of “one fragment per 
ISP” so that downstream sequencing results are a result of one fragment being 
read (as oppose to multiple fragments since that would generate nonsense data). 
 
(The Ion OneTouch 2) 
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ION ONETOUCH 2 PREP PROCEDURE (DEMO) 
(p18, Ion PGM Hi-Q OT2 Kit, Chapter 3, version A.0) 
 
Prepping the Ion OneTouch 2 device (OT-2) essentially involves the following 
steps:  
 

a. Setting up our recovery tubes in the centrifuge chamber - which will collect 
our ISPs after amplification. 
 

b. Inserting the OT-2 Amplification plate and threading the tube through the 
pinch valve – this creates a pathway for the ISPs (+fragment) to undergo 
PCR amplification. 

 
c. Inserting the injector needle through the port on the centrifuge lid – this 

allows amplified ISP beads to make their way to the recovery tubes. 
 

d. Making sure oil and recovery solutions are added to primary reagent tubes 
(at the front of the device) 

 
 
Recovery tube set-up: 
 

1. On the instrument display, touch Open Lid, wait until the lid clicks open, 
then lift and hold the side of the centrifuge lid. 
 

2. Dispense 150 µL Ion OneTouchTM Breaking Solution into each of two 
Recovery Tubes. The Recovery Tubes have rounded collars at their 
openings (see A below). 
 

 
 
Note: Breaking Solution is viscous. Draw and dispense slowly. 
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Note: Ensure that the Ion OneTouchTM Breaking Solution is stored and 
used at room temperature. If a white precipitate is present in the tube, 
warm the solution at 30°C until the precipitate re-dissolves. 
 

3. Slide the Recovery Router in position around each Recovery Tube 
extension (see B above).  Pinch the sides of the Recovery Router and 
push it down into the center slot of the centrifuge. The Recovery Router is 
seated flat and secure in the center of the rotor. 
 

4. Close the lid of the centrifuge. 
 
 
Installing the OT-2 Amplification Plate: 
 

5. Push the handle back to open the heat block. 
 

6. Obtain an Ion OneTouchTM 2 Amplification Plate. The disposable tubing 
and disposable injector are attached to the Amplification Plate. An 
Amplification Plate supplied in the Ion PGMTM Hi-QTM OT2 Kit has “ion” 
on the tab.  Make sure the “ion” reads normally, and not in mirror image.   

 
7. Insert the Amplification Plate.  

 
a. Hold the disposable injector, connected to the disposable tubing, in 

one hand and the Amplification Plate in the other hand. 
 

b. Insert the Amplification Plate into the heat block so that the single plate 
port aligns with the left hole of the Ion OneTouchTM 2 Instrument.  
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c. Pull the handle of the heat block to close the block. The disposable 
tubing is under the handle. 
 

d. Thread the disposable tubing through the Ion OneTouchTM DL Tubing 
Catch. 

 
e. Install the disposable tubing in the pinch valve.  

 

 
 

 
Installing the injector into the centrifuge lid. 
 

8. Place one hand on the centrifuge lid. Place the other hand at the top of the 
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disposable injector, and insert the disposable injector straight into the port 
of the Ion OneTouchTM DL Injector Hub (be careful with the pointed end 
of injector needle!) 
 

9. Keep your hand on the centrifuge lid, then push the disposable injector 
through the port until the disposable injector just stops at the base of the 
router.  
 

10.  Release the disposable injector, and confirm automatic placement of the 
disposable injector above the router. Briefly press then release the spring-
loaded top of the Injector Hub at the point indicated by the arrows in the 
figure below. (You should hear a click). 
 

 
 
 
Checking and filling the OT-2 solutions: 
 

11.  Ion OneTouch Oil: 
 

a. Remove the Reagent Tube from the instrument. 
b. Invert Ion OneTouchTM 
c. Fill the Reagent Tube half-full with Oil. Minimize bubbles.  Note: It 

is not necessary to re-mix the Oil. 
d. Insert the filled Reagent Tube into the left front port, and screw the 

Reagent Tube firmly into place, one-quarter turn on the instrument. 
 

12.  Ion OneTouch Recovery Solution: 
 

a. Remove the Reagent Tube from the instrument. 
b. Invert the bottle of Recovery Solution 3 times. 
c. Add more Recovery Solution to the solution in the Reagent Tube 

until the tube is a quarter-full. Minimize bubbles. 
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d. Insert the filled Reagent Tube into the right front port, and screw the 
Reagent Tube firmly into place, one-quarter turn on the instrument. 
 

13.  Check and empty oil waste container, and also the waste tray. 
 
SAMPLE PREP PROCEDURE (DEMO AND OPPORTUNITY TO WORK WITH 
REACTION FILTERS). 
(p28, Ion PGM Hi-Q OT2 Kit, Chapter 3, version A.0) 
 

1. Set up a diluted library prep as according to the table below: 
 
100pM 200bp library prep---------------------6.5ul 
Nuclease free water-------------------------18.5ul 
Total vol-----------------------------------25.0ul 

 
2. Vortex the diluted library for 5 seconds, then centrifuge for 2 seconds and 

place the diluted library on ice. 
 

3. Prepare the Ion PGMTM Hi-QTM ISPs: 
 
a. Vortex the ISPs at maximum speed for 1 minute to resuspend the 

particles. 
b. Centrifuge the ISPs for 2 seconds. 
c. Pipet the ISPs up and down to mix. 
d. Immediately proceed to the next step. 
 

4. To a 2-mL tube (violet cap) containing 800 µL of Ion PGMTM Hi-QTM 
Reagent Mix, add the following components in the designated order. Add 
each component, then pipet the amplification solution up and down to mix: 
 
QTM kit reagent mix (violet cap)------------------800.0ul 
Ion PGM Hi-Q ISPs (quickly from Step 3)-----------100.0ul 
Diluted library------------------------------------25.0ul 
Nuclease free water--------------------------------25.0ul 
Ion-PGM Hi-Q Enzyme Mix (brown cap)----------------50.0ul 
Total vol----------------------------------------1000.0ul 

 
5. Vortex the complete amplification solution prepared in step 4 at maximum 

speed for 5 seconds. 
 

6. The following steps need to be done within 15 minutes of the previous 
step.  Obtain an Ion OneTouchTM Reaction Filter from the Ion PGMTM 
Hi-QTM OT2 Kit.  It should look a little like the below: 
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7. Place the Ion OneTouchTM Reaction Filter into a tube rack so that the 3 
ports of the Ion OneTouchTM Reaction Filter face up. Note, although we’ll 
only have one reaction filter with material to be sequences, we will give 
each client an empty reaction filter, so that they can also try these steps 
out. 
 

8. Locate the sample port on the Ion OneTouchTM Reaction Filter (see 1 in 
above Fig). The short tubing in the Reaction Tube is connected to the 
sample port. 

 
9. Add the amplification solution (this is the 1000ul sample in the violet cap 

kit tube – see Step 4) through the sample port by following the below 
steps: 

 
a. Set a P1000 pipette to 1000 µL, and attach a new 1000-µL tip to the 

pipette. 
 
b. Vortex the amplification solution at maximum speed for a full 5 

seconds, then centrifuge the solution for 2 seconds. Immediately 
proceed to the next step. 

 
c. Pipet the amplification solution up and down to mix, then fill the tip with 

1000 µL of the amplification solution. 
 

d. Insert the tip firmly into the sample port so that the tip is perpendicular 
to the Ion OneTouchTM Reaction Filter Assembly and fully inserted 
into the sample port to form a tight seal. 

 
 

1. Sample port 
 
2. Ion OneTouch Reaction 
Filter 
 
3. Ion OneTouch Reaction 
Tube 
 
4. Short tubing from sample 
port to Ion OneTouchTM 
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e. Slowly pipet the 1 mL of amplification solution through the sample port. 
Keep the plunger of the pipette depressed to avoid aspirating solution 
from the Ion OneTouchTM Reaction Filter. With the plunger still 
depressed, remove the tip from the sample port, then appropriately 
discard the tip.  

 
f. If necessary, gently dab a Kimwipes® remove any liquid. 

 
10.  Now add 1.7 mL Ion OneTouchTM Reaction Oil through the same sample 

port as according to the below steps: 
 
a. Set a P1000 pipette to 850 µL, and attach a new 1000-µL tip to the 

pipette. 
 

b. Draw up 850 µL of Ion OneTouchTM Reaction Oil into the pipette tip. 
 

c. Insert the tip firmly into the sample port so that the tip is perpendicular 
to the Ion OneTouchTM Reaction Filter and fully inserted into the 
sample port to form a tight seal. 

 
d. Slowly pipet 850 µL of the Reaction Oil through the sample port, then 

keep the plunger of the pipette depressed. 
 

e. With the plunger kept depressed, remove the tip from the sample 
port. Appropriately discard the tip and attach a new pipette tip. Repeat 
steps b through d once. 

 
f. With the plunger depressed, remove the tip from the sample port, then 

appropriately discard the tip. 
 

g. If necessary, gently dab a Kimwipes remove any liquid. 
 

11.  Invert the Ion OneTouchTM Reaction Filter gently as shown below. Note 
that you can start with the sample tube on your left. We’re basically trying 
to flip the filter in such a way that the oil and sample layering is maintained 
before attaching the filter to the One Touch 2 machine.   
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12.  Insert the 3 ports of the Reaction Filter into the three holes (see Figure 
below) on the top stage of the Ion OneTouchTM 2 Instrument, so that the 
Ion OneTouchTM Reaction Filter is firmly seated on the instrument. The 
tab protruding from the outer edge of the Reaction Filter fits into the front 
notch of the stage: 
 

 
 
Note: After inserting the Ion OneTouchTM Reaction Filter, bubbles may 
shoot up into the Reaction Tube. 
 

13.  Now, you are ready to run your sample on the OT-2 device.  On the home 
screen, we’ll click “Run” and will then do an assisted run.  This feature 
essentially highlights the various steps required to ensure that all 
necessary components are ready to go.  You can also select “Expert” if 
you’re pretty familiar with the set up, and don’t need prompting. 
 

14.  For us, we’ll be using the protocol that is called:  
PGM: Ion PGMTM Hi�QTM OT2 Kit – 200. 

 
15.  The “Assisted” feature will simply make sure that the recovery tubes are 

double checked (with 150ul of recovery solution in each tube), and that oil 
and recovery fluids are appropriately filled. 
 

16.  The run will take about 5 hours, after which, we can leave our samples in 
the OT-2 for a maximum of 16 hours before having to move on to the next 
step (Qubit and ISP/bead enrichment procedure).  

 
 
  



! 16!

DAY 4        LAB NGS3 – QUBIT+OT ES 
 
PART THREE: USING QUBIT FOR QUALITY CONTROL OF ISP BEADS, AND 
SUBSEQUENT ENRICHMENT OF ISP BEADS USING THE ONETOUCH ES 
 
At this point, we hope to have ISP beads that contain clonally amplified library 
fragments (i.e. only one type of fragment per bead).  Because, there’s no real 
check to prevent ISP beads from having more than one distinct fragment per 
bead (which is bad since the sequencing step would produce data that would be 
hard to read), the Ion PGM procedure suggests that we do a quality check of the 
ISP beads after the OneTouch 2 run.  Basically, folks have calculated that having 
a prep that is about 10% to 30% loaded with library fragments is a good number 
to aim for, as any lower would mean that we generally have poor numbers of 
loaded ISPs, and any higher would increase chances of ISPs with too many 
library fragments.  In your hands, if the numbers of off, this is where you can 
adjust library amounts in previous steps so that nuance your way to this window. 
 
After checking the percent loaded ISP beads (this is done with the Qubit), we’ll 
next be setting up our OneTouch ES machine, which is a small robotic feature 
designed to enrich fragment positive beads, so that we have as close to 100% 
ISP beads with fragments as possible.  This enriched sample, in turn, will be the 
material we use to load onto our sequencing chip. 
 
PROCEDURE (DEMO) 
 
RECOVERY OF ISP BEADS FROM ONETOUCH 2 DEVICE 
(p38 Ion PGM Hi-Q OT2 Kit User Guide, Chapter 3, Version A.0) 
 

1. At the end of the run, follow the screen prompts to centrifuge the sample. 
 

2. Immediately after the centrifuge has stopped, on the instrument display, 
touch “Open Lid.” Wait until the lid clicks open, then remove and discard 
the Ion OneTouch Recovery Router. 

 
3. Carefully remove both Ion OneTouchTM Recovery Tubes from the 

instrument and put the two Recovery Tubes in a tube rack. You may see 
some cloudiness in the tube, which is normal. 

 
4. Remove excess Ion PGM OT2 Recovery Solution from the ISPs using the 

below steps: 
 

a. Use a pipette to remove all but 100µL of the Recovery Solution 
from each Recovery Tube (use a reference tube to see what 100ul 
looks like). Withdraw the supernatant from the surface and on the  
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opposite side from the pellet. Remove any white flocculent material. 
Do not disturb the ISP pellet: 

 
b. b. With a new tip and using the same tip for both tubes, resuspend 

the ISPs in the remaining Ion PGM OT2 Recovery Solution. Pipet 
the pellet up and down until each pellet disperses in the solution. 

 
5. Process the ISPs using steps below:  
 

a. Label a new 1.5-mL Eppendorf LoBind Tube for the ISPs. 
 
b. Add 500 µL of Ion OneTouchTM Wash Solution to each Recovery 

Tube. 
 

c. Pipet the ISPs up and down to disperse the ISPs, then transfer each 
suspension to the new labeled 1.5-mL Eppendorf LoBind tube. Note: If 
a precipitate is present, incubate the tube at 50°C for 2 minutes to 
dissolve. 

 
d. Centrifuge the ISPs for 2.5 minutes at 15,500 × g. 

 
e. Use a pipette to remove all but 100 µL of the Wash Solution from the 

tube. Withdraw the supernatant from the surface and on the opposite 
side from the pellet (this is our unenriched ISP sample). 

 
QUBIT QUALITY CHECK (WE ARE USING THE QUBIT 3.0) 
(p74 Ion PGM Hi-Q OT2 Kit User Guide, Chapter 3, Version A.0) 
 

1. The Qubit 3.0 system has a kit available (Ion Sphere Quality Control Kit), 
specifically for use to qualify Ion Torrent ISP beads. This also involves a 
pre-calibration step that has already been done.  We’ll continue with this 
demo, where we actually take readings of our ISP prep (from last night). 
 

2. From the Ion Sphere Quality Control Kit, thaw the Ion Probes tube, 
Annealing Buffer, and Quality Control Wash Buffer.  

 
3. From our 100ul sample of unenriched ISPs (this is the collected recovery 

material obtained from the OT2), transfer 2 µL to a 0.2-mL PCR tube. 
 

4. Add 19 µL Annealing Buffer and 1 µL Ion Probes directly to the 0.2-mL 
PCR tube containing the ISPs and mix well by pipetting up and down. 
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5. Load the tube(s) into a thermal cycler, then perform the following protocol 
to anneal the Ion Probes: 
 
Hold  95oC   2min 
Hold  37oC   2min 

 
6. Remove unbound probes by washing the sample(s) three times with 

200µL of Quality Control Wash Buffer using the below steps. 
 

c. Add 200 µL of Quality Control Wash Buffer to the 0.2-mL tube(s). 
 

d. Vortex properly to mix and centrifuge at 15,500 × g for 1.5 minutes. 
 

e. Being careful not to disturb the pelleted ISPs, remove the 
supernatant and leave behind 10 µL. Note: Compare to a 10 µL-
standard for reference. 

 
f. Repeat steps a through c two times for a total of three Quality 

Control Wash Buffer washes. 
 

7. After the final wash, add 190 µL of Quality Control Wash Buffer for a total 
volume of 200 µL, mix by pipetting up and down five times and transfer the 
entire sample to a Qubit® IMPORTANT! Ensure that you measure the 
volumes accurately. 

 
8. To generate a negative control, add 200 µL of Quality Control Wash Buffer 

to a fresh Qubit. 
 

9.  Read the sample(s) using the Qubit 3.0 (there will be a demonstration on 
this). 

 
Note that with our ISP sample and the negative control, we’ll be taking 
readings at 488nm and 647nm.  Basically, this picks up two fluorescent 
markers at either end of the library fragment so that good numbers at both 
wavelengths are indicative of an actual library fragment being present (as 
oppose to just the linker on the bead, which will only give signal with at 
488nm).   Calculation of the actual %loading of beads is facilitated by a 
special calibration spreadsheet supplied by the folks from Thermofisher (this 
will also be demonstrated). 
 
We may not achieve the desired 10% to 30% window, but will press on ahead 
anyway. 
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ISP BEAD ENRICHMENT STEP (USING THE ONETOUCH ES) 
(p48 Ion PGM Hi-Q OT2 Kit User Guide, Chapter 3, Version A.0) 
 
 
Prepare Melt Off Solution 
 

1. Prepare fresh Melt-Off Solution (125mM NaOH, 0.1% Tween 20) by 
combining the components in the following order:  
 
Tween Solution-------------------------280ul 
1M NaOH (must be prepared fresh!)-------40ul 
Total vol------------------------------320ul 

 

Prepare Dynabeads Solution. 
 

2. Vortex the Dynabeads (MyOne Streptavidin C1) tube for 30 seconds to 
thoroughly resuspend the beads, then centrifuge the tube for 2 seconds. 
 

3. Open the tube, then use a new tip to pipet up and down the dark pellet of 
beads until the pellet disperses. Immediately proceed to the next step. 

 
4. Transfer 13 µL of Dynabeads Beads to a new 1.5-mLEppendorf LoBind 

tube. 
 

5. Place the tube on a magnetic rack for 2 minutes, then carefully remove 
and discard the supernatant without disturbing the pellet of the beads. 

 
6. Add 130 µL of MyOne Beads Wash Solution to the Dynabeads Beads. 

 
7. Remove the tube from the magnet, vortex the tube for 30 seconds, and 

centrifuge the tube for 2 seconds to bring down residual fluids. 
 
Ready to Fill the 8 well strip. 
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1. Fill the wells in the 8-well strip as follows: 
 
Well 1 Entire template-positive ISP sample (100µL) 
Well 2  Dynabeads solution (130ul)  
Well 3  Ion OneTouch Wash Solution (300µL) 
Well 4  Ion OneTouch Wash Solution (300µL) 
Well 5  Ion OneTouch Wash Solution (300µL) 
Well 6  Empty 
Well 7  Freshly-prepared Melt-Off Solution (300ul) 
Well 8  Empty 
 

2. Confirm that the square-shaped tab is on the left, then insert the filled 8-
well strip with the 8-well strip pushed all the way to the right end of the slot 
of theTray: 

 
 

3. Load a new tip in the Tip Arm (this will be demoed). 
 

4. Add 10 µL of Neutralization Solution to a new 0.2-mL PCR tube.  
 

5. Insert the opened 0.2-mL PCR tube with the Neutralization Solution into 
the hole in the base of the Tip Loader, as shown in the preceding 
photograph. 
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6. Turn ON the Ion OneTouch ES and wait for the instrument to initialize. 
The screen displays “rdy”. The Tip Arm performs a series of initialization 
movements and returns to the home position (~5 seconds). 

 
7. Pipet the contents of Well 2 up and down to resuspend the beads 

(Dynabeads) before starting the run. Do not introduce bubbles into the 
solution. 

 
8. Press Start/Stop. The screen displays “run” during the run. The run takes 

~35 minutes. 
 

9. At the end of the run, the instrument displays “End” and beeps every 60 
seconds. Press the Start/Stop button to silence this alarm. 

 
10.  Immediately after the run, securely close and remove the PCR tube 

containing the enriched ISPs.  There should be >200ul of fluid in this tube 
(near full).  Mix the contents of the PCR tube by gently inverting the tube 5 
times.  This is your sample that will be used for the sequencing run (can 
be store at 4oC for tomorrow). 

 
11.  Remove tip, and discard used 8 well strip. 
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PART FOUR: ION PGM SEQUENCING USING A 314 CHIP. 
 
The actual sequencing run requires a number of preparatory steps, some of 
which will have been done beforehand, but explained in a demo.  The full 
protocol can be found in the reference attached to each section, but we will 
highlight steps 3 and 4 in this lab manual as well. 
 

1. Doing a chlorite clean of the Ion PGM (the sequencer).  This is to ensure 
all (p25, Ion PGM Hi-Q Sequencing Kit, Chapter 4, Version C.0) 
 

2.  Setting up a “planned run.”  This is basically where we’ll log into the Ion 
PGM server, and tell the Ion PGM (the sequencer) what sort of run to 
expect. (p19, Ion PGM Hi-Q Sequencing Kit, Chapter 3, Version C.0) 

 
3. Initializing the Ion PGM System:  Basically, this is an approximately 1 hour 

run, where primary solutions are pH’d, and nucleotide reagents are set up. 
(p26, Ion PGM Hi-Q Sequencing Kit, Chapter 3, Version C.0) 

 
4. Loading chip and starting the sequencing: Here, we will set up our 

sequencing chip (314) for sequencing.  We’ll also be practicing the loading 
techniques with extra chips in class.  (p33, Ion PGM Hi-Q Sequencing Kit, 
Chapter 3, Version C.0) 

 
Note: diagram of the Ion PGM device is on next page. 
 
 
PROCEDURE (DEMO, EXCEPT CHIP LOADING PRACTICING) 
 
Initializing the Ion PGM System: 
(p26, Ion PGM Hi-Q Sequencing Kit, Chapter 3, Version C.0) 
 

1. Remove the dNTP stock solutions from the freezer and begin thawing on 
ice. 
 

2. Turn gas on.  Check the tank pressure for the nitrogen gas. When the tank 
pressure drops below 500 psi, change the tank. 

 
3. Rinse the Wash 2 Bottle (2 L) three times with 200 mL of 18 MΩ water. 

 
4. Prepare 500µL of 100 mM NaOH by diluting 50µL of 1 M NaOH in 450µL 

of nuclease‐free water. 
 

5. Fill the bottle to the mold line with 18 MΩ water. The volume of water will 
be ~2 liters. (You can mark the mold line on the bottle for clarity.) 
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Ion PGM Device. 
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6. Add the entire bottle of Ion PGM Hi‐QTM Sequencing W2 Solution to the 
Wash 2 Bottle.  Note: Keep the Ion PGMTM Hi‐QTM Sequencing W2 
Solution bottle to scan the barcode during the initialization procedure. Also 
note that the Wash 2 bottle is only good for 40 uses. 
 

7. Using a P200 pipette, add 70µL of 100 mM NaOH to the Wash 2 Bottle.  
(Note, this amount of 100mM NaOH works for our water – you may need 
to change this a bit depending on the starting pH of your water supply). 

 
8. Cap the bottle and invert five times to mix, and immediately proceed 

through the rest of the initialization procedure. 
 

9. Rinse the Wash 1 and Wash 3 Bottles three times with 50 mL of 18 MΩ 
water. 

 
10. Wash 1 Bottle: Add 350 µL of freshly prepared 100 mM NaOH to the 

Wash 1 Bottle and cap the bottle. 
 

11. Wash 3 Bottle: Add Ion PGM Sequencing W3 Solution to the 50‐mL line 
marked on the Wash 3 Bottle and cap the bottle. 

 
At this point, we’re ready to begin the initializing steps. 
 

12.  On the main menu of the Ion PGM screen, press Initialize. 
 

13.  In the next screen, click Enter barcode to scan or enter the barcode on 
the Ion PGM Hi‐Q Sequencing W2 Solution bottle, or the 2D barcode on 
the Ion PGM Hi‐Q Sequencing Solutions box. Alternatively, select Ion 
PGM Hi-Q Sequencing Kit from the dropdown list. Press “Next.” 

 
14. The system will check the gas pressure. If the pressure is sufficient, 

confirm that the cleaning chip, reagent sipper tubes, and collection trays 
are in place, and press “Next” to begin the initialization. 

 
15.  Wearing clean gloves, firmly attach a new, long gray sipper to the cap in 

the W2 position. Do not let the sipper touch any surfaces. 
 

16.  Immediately attach the prepared Wash 2 Bottle in the W2 position and 
tighten the cap. Press “Next.” 

 
17. Change gloves and firmly install new sipper tubes (short gray) in the caps 

in the W1 and W3 positions. 
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18. Immediately attach the prepared Wash 1 and 3 Bottles and tighten the 
caps. Press “Next.” 

 
19.  The sequencer will begin adjusting the pH of the W2 Solution, which 

takes ~30 to 60 minutes. After 15 minutes, check the instrument 
touchscreen to confirm that initialization is proceeding normally. 
 
Note: If an error occurs during the automatic pH process, note the error 
message and proceed to “Initialization—Auto pH errors“ on page 49 in Ion 
PGM Hi-Q Sequencing Kit, Version C.0. 
 
During the process, you can begin preparing the Reagent Bottles with 
dNTPs as described in the next section. 

 
Preparing the nucleotide solutions. 
 

1. Use the labels provided with the kit to label four new Reagent Bottles as 
dGTP, dCTP, dATP, and dTTP. 
 

2. Confirm that no ice crystals are visible in each thawed dNTP stock 
solution.  Vortex each tube to mix, and centrifuge to collect the contents. 
Keep the dNTP stock solutions on ice throughout this procedure. 
 
IMPORTANT! To avoid cross‐contamination in the next step, open only 
one dNTP stock tube at a time and use fresh gloves and a fresh pipette tip 
for each aliquot. 
 

3. Using separate filtered pipette tips and clean gloves, carefully transfer 20 
µL of each dNTP stock solution into its respective Reagent Bottle.  

4. Cap each Reagent Bottle and store on ice until you are ready to attach it 
to the instrument. Place the remaining dNTP stocks back into –20°C for 
storage. 

 
At this point, we are waiting for the initialization to be done. 
 

5. After the wash solutions have initialized, follow the touchscreen prompts to 
remove the used sipper tubes and collection trays from the dNTP ports. 
 

6. Changeing gloves for each dNTP, firmly insert a new sipper tube (blue) 
into each dNTP port. 

 
7. Do not let the sipper touch any surfaces. 
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8. Attach each prepared Reagent Bottle to the correct dNTP port (e.g., the 
dGTP tube on the port marked "G") and tighten firmly by hand until snug. 
Press “Next.”  Double check for leaks as instrument starts up again. 

 
9. Follow the touchscreen prompts to complete initialization. The instrument 

will fill each Reagent Bottle with 40 mL of W2 Solution. 
 

10. At the end of initialization, Ion PGMTM System will measure the pH of the 
reagents: 
 
• If every reagent is in the target pH range, a green Passed screen will be 
displayed. 
 
• If a red failure screen appears, see Appendix A of the Ion PGM Hi-Q 
Sequencing Kit, Version C.0., “Troubleshooting“. 
 

11. Press Next to finish the initialization process and return to the main menu. 
 

12. Proceed to the appropriate sequencing protocol for your chip type – this 
needs to happen within 1 hour of the initialization steps. We’ll be using an 
Ion 314 Chip v2.   

 
Loading the Chip and starting the sequencing run. 
(p33, Ion PGM Hi-Q Sequencing Kit, Chapter 5, Version C.0). 
 

1. Thaw the Sequencing Primer on ice. 
 

2. We’ll add some control beads to our enriched ISP mix (from yesterday), 
just in case.  Vortex the Control Ion SphereTM Particles and pulse spin in 
a picofuge for 2 seconds before taking aliquots. 

 
3. Add 5 µL of Control ISPs directly to the entire volume of enriched, 

template‐positive ISPs (prepared using your template preparation method) 
in a 0.2‐mL non‐polystyrene PCR tube. 

 
With our ISPs (test fragments + control mixture), we need to anneal the 
sequencing primer. 
 

4. Mix the tube containing the ISPs (or test fragments) by thoroughly 
pipetting up and down. 
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5. Place the tube in a microcentrifuge with an appropriate tube adapter. 
Orient the tab of the tube lid so that it is pointing away from the center of 
the centrifuge, to indicate where the pellet will be formed. 

 
6. Centrifuge for 2 minutes at 15,500 × g. 

 
7. Keeping the pipette plunger depressed, insert a pipette tip into the tube 

containing the pelleted ISPs and carefully remove the supernatant from 
the top down, avoiding the side of the tube with the pellet (i.e., the side 
with the tab on the tube lid). Discard the supernatant. Leave ~15 µL in the 
tube (visually compare to 15 µL of liquid in a separate tube). 

 
8. Ensure that the Sequencing Primer is completely thawed prior to use (no 

ice crystals should be visible). 
 

9. Vortex the primer for 5 seconds, then pulse spin in a picofuge for 3–5 
seconds to collect the contents. Leave on ice until ready to use. 

 
10. Add 12 µL of Sequencing Primer to the ISPs, and confirm that the total 

volume is 27 µL (add Annealing Buffer if necessary). 
 

11. Pipet the mixture up and down thoroughly to disrupt the pellet.  Do not 
introduce air bubbles! 

 
12.  Program a thermal cycler for 95°C for 2 minutes and then 37°C for 2 

minutes, using the heated lid option. 
 

13. Place the tube in the thermal cycler and run the program. After cycling, the 
reaction can remain in the cycler at room temperature (20–30°C) while 
you proceed with Chip Check. 

 
Checking our chip. 
 

14.  On the main menu of the Ion PGMTM Sequencer touchscreen, press 
Run. Remove the waste bottle and completely empty it. Press “Next.” 
 

15. When prompted to insert a cleaning chip, use the same used chip that 
was used for initialization. Press “Next” to clean the fluid lines. 

 
16.  When prompted, select the instrument that you used to prepare the 

template‐positive ISPs (we used the OT-2). Then press “Next.” 
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17.  Remove gloves, and ground yourself by touching the grounding pad on 
the sequencer. Remove a new chip from its packaging and label it to 
identify the experiment (save the chip package). Press “Next.” 
 

STATIC IS YOUR ENEMY!  Make sure Chips are never placed on 
benchtops.  They can only be placed on top of the metal block in the PGM, or 
in a chip adaptor for the centrifuge. 
 
18.  Replace the old chip in the chip socket with the new one for the 

experiment. Close the chip clamp, then press Next. 
 

 
 

19.  When prompted, use the scanner to scan the barcode located on the chip 
package, or press Change to enter the barcode manually. 
 

20. Press Chip Check. During the initial part of Chip Check, visually inspect 
the chip in the clamp for leaks. 
 
Note: If there is a leak, press the Abort button immediately to stop the flow 
to the chip. Proceed to Appendix A, “Troubleshooting“. 
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The chip socket can be damaged by rubbing or wiping its surface. Never 
rub or wipe the socket to clean up leaks. See Appendix A, 
“Troubleshooting“ for more information. 
 

21.  When Chip Check is complete: 
 
• If the chip passes, press “Next.” 
• If the chip fails, open the chip clamp, re‐seat the chip in the socket, close 
the clamp, and press Calibrate to repeat the procedure. If the chip passes, 
press  “Next.” If the chip still fails, press Main Menu and restart the 
experiment with a new chip. See Appendix A, “Troubleshooting“ for more 
information. 
 

22.  Following a successful Chip Check, completely empty the waste bottle 
and select the Waste bottle is empty checkbox on the touchscreen. Press 
“Next.” 

 
Adding the sequencing polymerase to your ISP sample. 
 

23.  Remove the Ion PGM Hi‐Q Sequencing Polymerase from storage and 
flick mix with your finger tip four times. Pulse spin for 3–5 seconds. Place 
on ice. 
 

24. After annealing the Sequencing Primer, remove the ISPs from the thermal 
cycler and add 3 µL of Ion PGM Hi‐Q Sequencing Polymerase to the ISPs, 
for a total final volume of 30 µL. 

 
25. Pipet the sample up and down to mix, and incubate at room temperature 

for 5 minutes. 
 
Preparing and loading the chip with your ISPs. 
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26.  Following Chip Check, remove the new chip from the Ion PGM 
Sequencer. Insert a used chip in the chip clamp while loading the new 
chip. 
 

27. Tilt the new chip 45 degrees so that the loading port is the lower port. 
 

28. Insert the pipette tip firmly into the loading port and remove as much liquid 
as possible from the loading port. Discard the liquid. 

 
29.  Place the chip upside-down in the minifuge bucket and transfer the 

bucket to the with the chip tab pointing in (toward the center of the 
minifuge). Balance the bucket with another chip. 

 

 
 
 

30.  Centrifuge for 5 seconds to completely empty the chip. 
 
Steps 31 to 34 will be done by each client with extra chips, so that you’ll get a 
chance to see what its like to handle one of these things. 

 
31.  Remove the chip from the bucket and wipe the bucket with a disposable 

wipe to remove any liquid. Place the chip right‐side up in the bucket.  Now, 
the chip is ready for loading (nearly there!) 

 
32.  Place the chip in the bucket on a firm, flat surface (the centrifuge adaptor 

is perfect for this – do not place on bench!). Following polymerase 
incubation, collect 10ul of prepared ISPs into a filtered pipette tip, using a 
pipetteman that is capable of volume adjustment via the plunger handle. 

 
33.  Insert the tip firmly into the loading port of the chip. 
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Note: When loading the ISPs into the chip, keep the pipette tip at a 90° 
angle to the chip, press the tip firmly into the circular loading port, and 
apply gentle pressure between the pipette tip and chip. 
 

 
 

34.  With the pipette unlocked, apply gentle pressure between the tip and chip 
and slowly dial down the pipette (~1 µL per second) to deposit the ISPs. 
To avoid introducing bubbles into the chip, leave a small amount in the 
pipette tip (~0.5 µL). 
 
Note: Do not remove the pipette tip from the port during the dial‐down 
process, since this can introduce air bubbles and inhibit loading. 
 

35.  Remove and discard any displaced liquid from the other port of the chip. 
 

36.  Transfer the chip in the bucket to the minifuge with the chip tab pointing in 
(upright and toward the center of the minifuge), and centrifuge for 30 
seconds. 
 

37.  Next, turn the chip so that the chip tab is pointing out (away from the 
center of the minifuge), and centrifuge for 30 seconds. 
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38.  Remove the bucket from the minifuge and place it on a flat surface. Set 
the volume of the pipettor to 5.0ul (for 314 Chip). 

 
39. Tilt the chip 45 degrees so that the loading port is the lower port, and 

insert the pipette tip into the loading port. 
 

40. Without removing the tip, slowly pipet the sample out and then back into 
the chip one time. Pipet slowly to avoid creating bubbles. 

 
41. Slowly remove as much liquid as possible from the chip by dialing the 

pipette. Discard the liquid. 
 

42. Turn the chip upside‐down in the bucket, transfer it back to the minifuge 
(tab facing in), and spin upside‐down for 5 seconds. Remove and discard 
any liquid. 

 
43. If some liquid remains in the chip, lightly and rapidly tap the point of the 

chip tab against the benchtop a few times and remove and discard any 
collected liquid. Do not flush the chip. 

 
44. When chip loading is complete, press “Next” on the touchscreen and 

proceed immediately to performing the run. 
 
Now we’re ready to run the chip! 
 

45.  Press Browse next to the Planned Run field and select the name of the 
plan you created, then touch “Next.” 
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46.  Confirm that the settings are correct. If necessary, make any changes 
using the touchscreen controls. 
 

 
 

47.  After you enter the Planned Run, press Next to verify the experimental 
setup. Press “OK” to confirm the settings or press Cancel to return to the 
touchscreen to adjust the settings. 
 

48. When prompted by the instrument, load and clamp the chip, then press 
“Next.” 
 

49. At the beginning of the run, visually inspect the chip in the clamp for leaks 
before closing the cover. The instrument will flush any loose ISPs from the 
chip and begin calibrating the chip. 
 

50. When the calibration is complete (~1 minute), the touchscreen will indicate 
whether calibration was successful. 
 
• If the chip passes calibration, press Next to proceed with the sequencing 
run. 
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• If the chip fails calibration, see “Error message: Calibration FAILED“ on 
page 48, of Ion PGM Hi-Q Sequencing Kit manual. 
 

51. After 60 seconds, the run will automatically begin, or press “Next” to begin 
the run immediately. 
 

52.  When the run is complete, leave the chip in place, then touch Next to 
return to the Main Menu. You can then remove the chip perform a 
cleaning/initializing if required. 
 
 
 


