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GENERAL INFORMATION

Product Overview

Cell free DNA has become a powerful marker in clinical applications due to the unique origin 
of DNA molecules present in plasma. Detection of fetal DNA from maternal plasma has proven 
to be a viable, non-invasive option to identify a variety of fetal traits including: sex determina-
tion, sex chromosome-linked disorders and aneuploidy events. Circulating tumor DNA extract-
ed from plasma of symptomatic patients can be used as a non-invasive resource for diagnosis, 
prognosis, treatment decisions, and follow-up monitoring of cancer patients.

The NEXTflex™ Cell Free DNA Sequencing Kit for Ion platforms is designed to prepare cell free 
DNA libraries for sequencing using Ion platforms. The NEXTflex™ Cell Free DNA Sequencing 
Kit simplifies workflow by using master mixed reagents and magnetic bead based cleanup, re-
ducing pipetting and eliminating time consuming steps in library preparation. In addition, the 
availability of up to 64 unique adapter barcodes enables high-throughput applications. 

There are five main steps involved in preparing genomic DNA for sequencing: DNA extraction, 
DNA end repair, size selection (optional), adapter ligation and PCR amplification. This kit con-
tains the necessary material to prepare the user’s purified DNA for emulsion PCR and subse-
quent sequencing.

Contents, Storage and Shelf Life

The NEXTflex™ Cell Free DNA Sequencing Kit for Ion platforms contains enough material to 
prepare 8 genomic DNA sample libraries. The shelf life of all reagents is 12 months when stored 
properly at -20°C.

Kit Contents Amount
RED CAP

NEXTflex™ End-Repair Buffer Mix 56 µL

NEXTflex™ End-Repair Enzyme Mix 24 µL

PURPLE CAP

NEXTflex™ Ligase Mix 252 µL

NEXTflex™ Adapter Mix (6.25 µM) 40 µL

GREEN CAP

NEXTflex™ Primer Mix (12.5 µM) 16 µL

NEXTflex™ 5X PCR Master Mix 80 µL

WHITE CAP

Nuclease-free Water 1.5 mL

Resuspension Buffer 1.5 mL

http://www.bioongs.com
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Required Materials Not Provided

• ~1 - 5 ng of cell free DNA in up to 40 µL nuclease-free water.

• Optional: NEXTflex™ DNA Barcodes for Ion platforms – 8 / 16 / 32 / 64 (Cat # 401001, 
401002, 401003, 401004)

• Ethanol 80% (room temperature)

• 96 well PCR Plate Non-skirted (Phenix Research, Cat # MPS-499) or similar 

• 96 well Library Storage and Pooling Plate (Fisher Scientific, Cat # AB-0765) or similar

• Adhesive PCR Plate Seal (BioRad, Cat # MSB1001)

• Agencourt AMPure XP 5 mL (Beckman Coulter Genomics, Cat # A63880)

• Magnetic Stand -96 (Ambion, Cat # AM10027) or similar

• Thermocycler 

• 2, 10, 20, 200 and 1000 µL pipettes / multichannel pipettes

• Nuclease-free barrier pipette tips

• Microcentrifuge 

• 1.5 mL nuclease-free microcentrifuge tubes

• Vortex

http://www.bioongs.com
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Warnings and Precautions

Bioo Scientific strongly recommends that you read the following warnings and precautions. 
Periodically, optimizations and revisions are made to the components and manual. Therefore, it 
is important to follow the protocol included with the kit. If you need further assistance, you may 
contact your local distributor or Bioo Scientific at nextgen@biooscientific.com.

• Do not use the kit past the expiration date.

• DTT in buffers may precipitate after freezing. If precipitate is seen, vortex buffer for 1-2 
minutes or until the precipitate is in solution. The performance of the buffer is not affected 
once precipitate is in solution. 

• Ensure pipettes are properly calibrated as library preparations are highly sensitive to pi-
petting error. 

• This kit contains a single NEXTflex Adapter Mix. To enable multiplexing, use the appropri-
ate combination of NEXTflex P1 Adapter and NEXTflex DNA Barcode Adapters in place of 
the NEXTflex Adapter Mix during the Adapter Ligation step.

• Do not heat the NEXTflex Adapter Mix, NEXTflex DNA P1 Adapter, or NEXTflex DNA 
Barcode Adapter above room temperature.

• Try to maintain a laboratory temperature of 20º–25ºC (68º–77ºF). 

• DNA sample quality may vary between preparations. It is the user’s responsibility to utilize 
high quality DNA. DNA that is heavily nicked or damaged may cause library preparation 
failure. Absorbance measurements at 260 nm are commonly used to quantify DNA and 
260 nm / 280 nm ratios of 1.8 - 2.0 usually indicate relatively pure DNA. Other quantifica-
tion methods using fluorescent dyes may also be used. The user should be aware that con-
taminating RNA, nucleotides and single-stranded DNA may affect the amount of usable 
DNA in a sample preparation. 

Revision History

Version Date Description

V15.01 Januray 2015 Initial Product Launch.

V20.03 March 2020 Added alternative protocol in Appendix for mitigating con-
taminating gDNA into the library prep.

http://www.bioongs.com
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NEXTflex™ Cell Free DNA-Seq Flow Chart for Ion Platforms

Figure 1: Sample flow chart with approximate times necessary for each step.

NEXTflex™ CELL FREE DNA-SEQ SAMPLE PREPARATION 
PROTOCOL

CELL FREE DNA

END REPAIR 30 Minutes
(Optional stop point)

15 Minutes
(Optional stop point)

1 Hour
(Optional stop point)

OPTIONAL SIZE SELECTION

P1 Adapter

LIGATION
A Adapter

CTGA
GACT

P1 Adapter

PCR

DILUTION FACTOR DETERMINATION
BIOANALYZER AND/OR qPCR

DNA TEMPLATE PREPARATION

A Adapter

CTGA
GACT

GACT
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Starting Material

The NEXTflex™ Cell Free DNA Sequencing Kit has been optimized and validated using cell free 
DNA. This kit is designed to work with ~1 - 5 ng of cell free DNA. (Figure 2)

Reagent Preparation
 

1. Briefly spin down each component to ensure material has not lodged in the cap or side 
of tube. Keep on ice and vortex each NEXTflex ™ Mix just prior to use.   

2. DTT in buffers may precipitate after freezing. If precipitate is seen in any mix, vortex 
for 1 minute or until the precipitate is in solution. The performance of the mix is not 
affected once precipitate is in solution.

3. Allow Agencourt AMPure XP Beads to come to room temperature and vortex the 
beads until liquid appears homogenous before every use.

The alternative protocol is recommended for increased yields and capturing smaller fragments 
of cfDNA while removing contaminating higher molecular weight DNA as it uses less stringent 
cleanup/size selection bead volumes. Labs should use this alternative protocol unless they are 
con cerned about risk of adapter dimers.

http://www.bioongs.com
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STEP A: End-Repair

Materials

Bioo Scientific Supplied
RED CAP - NEXTflex™ End Repair Buffer Mix, NEXTflex™ End Repair Enzyme Mix
WHITE CAP - Nuclease-free Water

User Supplied
Cell Free DNA in up to 40 µL Nuclease-free Water
Thermocycler
96 well PCR Plate
Adhesive PCR Plate Seal
Ice

1. For each sample, combine the following reagents on ice in a nuclease-free 96 well PCR 
Plate:

2. Mix well by pipetting. 

3. Apply adhesive PCR plate seal and incubate on a thermocycler for 30 minutes at 22°C

_ µL Nuclease-free Water

_ µL Cell Free DNA (~1 - 5ng)

7 µL NEXTflex™ End Repair Buffer Mix

3 µL NEXTflex™ End Repair Enzyme Mix

50 µL TOTAL

http://www.bioongs.com
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STEP B: Optional Bead Size-Selection Clean-Up
This step is designed to enrich for 180bp inserts. Users who are not interested in enriching for 
180bp inserts should skip this step and proceed to step B1: No Size-Selection Cleanup.

Materials

Bioo Scientific Supplied
WHITE CAP - Resuspension Buffer

User Supplied
Agencourt AMPure XP Magnetic Beads (room temperature)
80% Ethanol, freshly prepared (room temperature)
Magnetic Stand
End Repaired DNA (from STEP A)

1. Add 37.5 µL of AMPure XP Beads to each sample and mix well by pipetting.

2. Incubate at room temperature for 5 minutes. 

3. Place the 96 well PCR Plate on the magnetic stand at room temperature for 5 minutes 
or until the sample appears clear. 

4. Transfer 85 µL of clear sample to new well.

5. Add 50 µL of AMPure XP Beads to each sample and mix well by pipetting.

6. Incubate at room temperature for 5 minutes. 

7. Place the 96 well PCR Plate on the magnetic stand at room temperature for 5 minutes 
or until the sample appears clear. 

8. Gently remove and discard clear sample taking care not to disturb beads. Some liquid 
may remain in wells

9. With plate on stand, add 200 µL of freshly prepared 80% ethanol to each magnetic 
bead pellet and incubate plate at room temperature for 30 seconds. Carefully, remove 
ethanol by pipette. 

10. Repeat previous step, for a total of 2 ethanol washes. Ensure all ethanol has been re-
moved.

11. Remove the plate from the magnetic stand and let dry at room temperature for 3 min-
utes.

12. Resuspend dried beads with 19 µL of Resuspension Buffer. Mix well by pipetting. En-
sure beads are no longer attached to the side of the well. 

13. Incubate resuspended beads at room temperature for 2 minutes.

14. Place plate on magnetic stand at room temperature for 5 minutes or until the sample 
appears clear. 

15. Transfer 18 µL of clear sample to new well.

16. If you wish to pause your experiment, the procedure may be safely stopped at this step 
and samples stored at -20°C. To restart, thaw frozen samples on ice before proceeding.   

17. Proceed to Step C.

http://www.bioongs.com
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STEP B1: No Size-Selection Clean-Up
If step B: Bead Size Selection was performed, skip to step C: Adapter Ligation.

Materials

Bioo Scientific Supplied
WHITE CAP - Resuspension Buffer

User Supplied
Agencourt AMPure XP Magnetic Beads (room temperature)
80% Ethanol, freshly prepared (room temperature)
Magnetic Stand
End Repaired DNA (from STEP A)

1. Add 90 µL of AMPure XP Beads to each sample and mix well by pipetting.

2. Incubate at room temperature for 5 minutes. 

3. Place the 96 well PCR Plate on the magnetic stand at room temperature for 5 minutes 
or until the sample appears clear. 

4. Gently remove and discard clear sample taking care not to disturb beads. Some liquid 
may remain in wells.  

5. With plate on stand, add 200 µL of freshly prepared 80% ethanol to each magnetic 
bead pellet and incubate plate at room temperature for 30 seconds. Carefully, remove 
ethanol by pipette. 

6. Repeat previous step, for a total of 2 ethanol washes. Ensure all ethanol has been re-
moved.

7. Remove the plate from the magnetic stand and let dry at room temperature for 3 min-
utes.

8. Resuspend dried beads with 19 µL Resuspension Buffer. Mix well by pipetting. Ensure 
beads are no longer attached to the side of the well. 

9. Incubate resuspended beads at room temperature for 2 minutes.

10. Place plate on magnetic stand at room temperature for 5 minutes or until the sample 
appears clear. 

11. Transfer 18 µL of clear sample to new well.

12. If you wish to pause your experiment, the procedure may be safely stopped at this step 
and samples stored at -20°C. To restart, thaw frozen samples on ice before proceeding.   

13. Proceed to Step C.

http://www.bioongs.com
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STEP C: Adapter Ligation

Materials

Bioo Scientific Supplied
PURPLE CAP - NEXTflex™ Ligation Mix (remove right before use and store immediately after 
use at -20°C), NEXTflex™ DNA Adapter Mix (for non-multiplexed samples)
WHITE CAP - Nuclease-free Water

User Supplied
Thermocycler
Optional - NEXTflex™ DNA Barcodes for Ion platforms – 8 / 16 / 32 / 64 (Cat # 401001, 401002, 
401003, 401004) (NEXTflex™ DNA P1 Adapter included)
Purified End-Repaired DNA (from STEP B)

1. For each sample, combine the following reagents on ice in the PCR plate:

2. Mix well by pipetting. 

3. Apply adhesive PCR plate seal and incubate on a thermocycler for 15 minutes at 22°C.

4. Proceed to Step D.

For Non-Multiplexed Samples:

18 µL Purified End-Repaired DNA (from Step B)

5 µL NEXTflex™ DNA Adapter Mix

31.5 µL NEXTflex™ Ligation Mix

54.5 µL TOTAL

For Multiplexed Samples:

18 µL Purified End-Repaired DNA (from Step B)

1 µL Nuclease-Free Water

2 µL NEXTflex™ DNA  P1 Adapter

2 µL NEXTflex™ DNA  Barcode Adapter

31.5 µL NEXTflex™ Ligation Mix

54.5 µL TOTAL

http://www.bioongs.com
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STEP D: Clean-Up

Materials

Bioo Scientific Supplied
WHITE CAP - Resuspension Buffer

User Supplied
Agencourt AMPure XP Magnetic Beads (room temperature)
80% Ethanol, freshly prepared (room temperature)
Magnetic Stand
Adapter Ligated DNA (from STEP C)

1. Add 25 µL of AMPure XP Beads to each sample and mix well by pipetting.

2. Incubate at room temperature for 5 minutes. 

3. Place the 96 well PCR Plate on the magnetic stand at room temperature for 5 minutes 
or until the sample appears clear. 

4. Gently remove and discard clear sample taking care not to disturb beads. Some liquid 
may remain in wells.  

5. With plate on stand, add 200 µL of freshly prepared 80% ethanol to each magnetic 
bead pellet and incubate plate at room temperature for 30 seconds. Carefully, remove 
ethanol by pipette. 

6. Repeat previous step, for a total of 2 ethanol washes and ensure all ethanol has been 
removed.

7. Remove the plate from the magnetic stand and let dry at room temperature for 3 min-
utes.

8. Resuspend dried beads with 40 µL of Resuspension Buffer. Mix well by pipetting, en-
suring beads are no longer attached to the side of the well. 

9. Incubate resuspended beads at room temperature for 2 minutes.

10. Place plate on magnetic stand at room temperature for 5 minutes or until the sample 
appears clear. 

11. Transfer 38 µL of clear sample to new well.   

12. If you wish to pause your experiment, the procedure may be safely stopped at this step 
and samples stored at -20°C. To restart, thaw frozen samples on ice before proceeding.

http://www.bioongs.com
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STEP E: PCR Amplification

Materials

Bioo Scientific Supplied
GREEN CAP - NEXTflex™ Primer Mix, NEXTflex™ 5X PCR Master Mix
WHITE CAP - Resuspension Buffer

User Supplied
Thermocycler
96 Well PCR Plate 
Agencourt AMPure XP Magnetic Beads (room temperature)
80% Ethanol, freshly prepared (room temperature)
Magnetic Stand
Purified Adapter Ligated DNA (from STEP D)

1. For each sample, combine the following reagents on ice in the PCR plate:

2. Mix well by pipetting.

3. Apply adhesive PCR plate seal and place in thermocycler for the following PCR cycles:

*PCR cycles will vary depending on the amount of starting material and quality of your 
sample.  Further optimization may be necessary. Always use the least number of cycles 
possible.

4. Remove PCR plate from the thermocycler. Add 40 µL of AMPure XP Beads to each 
sample and mix well by pipetting.

5. Incubate at room temperature for 5 minutes.

6. Place the 96 well PCR Plate on the magnetic stand at room temperature for 5 minutes 
or until the sample appears clear. 

7. Gently remove and discard clear sample taking care not to disturb beads. Some liquid 
may remain in wells.

38 µL Purified Adapter Ligated DNA (from Step D)

2 µL NEXTflex™ Primer Mix

10 µL NEXTflex™ 5X PCR Master Mix

50 µL TOTAL

20 min 65°C Nick translation

2 min 95°C

30 sec 95°C

}30 sec 58°C

60 sec 72°C

4 min 72°C

Repeat 9 -12 cycles*

http://www.bioongs.com
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8. With plate on stand, add 200 µL of freshly prepared 80% ethanol to each magnetic 
bead pellet and incubate plate at room temperature for 30 seconds. Carefully, remove 
ethanol by pipette.

9. Repeat previous step, for a total of 2 ethanol washes and ensure all ethanol has been 
removed.

10. Remove the plate from the magnetic stand and let dry at room temperature for 3 min-
utes.

11. Resuspend dried beads with 22 µL Resuspension Buffer. Mix well by pipetting, ensur-
ing beads are no longer attached to the side of the well.

12. Incubate resuspended beads at room temperature for 2 minutes.

13. Place plate on magnetic stand for 5 minutes until the sample appears clear. 

14. Transfer 20 µL of clear sample to a well of a new 96 well PCR Plate.

http://www.bioongs.com
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STEP F: Library Quantification
To determine the Library Dilution factor required for Template Preparation, qPCR and/or Bio-
analyzer analysis are necessary.

qPCR Quantification:

Materials

User Supplied
qPCR Thermocycler
96-well PCR Plate
Ion Library Quantitation Kit (qPCR) /or/ Kapa Library Quant Kit - Ion Torrent

1. Follow the recommended protocol as provided in the user-supplied quantification kit.

2. Proceed to template preparation (emulsion PCR) using the applicable Ion Torrent 
Template Preparation kit.

Bioanalyzer Analysis:
A Bioanalyzer will allow visualization of the library's size distribution. It can also be used for 
library quantification but this is not recommended.

1. Analyze the DNA library using an Agilent High Sensitivity DNA chip. Follow manufac-
turer's instructions for use with Agilent Bioanalyzer.

2. Use Bioanalyzer software to determine library concentration through peak integration. 
Manual adjustment may be required to integrate across the entire peak.

3. After determining the library concentration via Bioanalyzer, the Dilution Factor can 
be directly calculated. 

http://www.bioongs.com
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Figure 2: Sample Bioanalyzer Trace

High Sensitivity DNA Chip Output:

A) NEXTflex™ Cell Free DNA Sequencing Kit for Ion platforms library generated from cell 
free DNA isolated from plasma of pregnant human female. Size selection option was used to 
enrich for 180bp insert (~270bp library). During pregnancy, >90% of DNA fragments <300 bp 
are comprised of fetal DNA (1) and DNA fragments >300 bp are of maternal origin (2). Peaks 
in electropherogram represent double stranded libraries with adapters.

B) NEXTflex™ Cell Free DNA Sequencing Kit for Ion platforms library product generated from 
cell free DNA isolated from plasma of human male shows 270 and 470 bp peaks, characteristic 
of cell free DNA. Products of cellular necrosis are represented by higher molecular weight 
DNA molecules >1 Kb. Both products of apoptotic and necrotic DNA are present in the plas-
ma of cancer patients (3).   

 
References
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Oligonucleotide Sequences

Alternative Protocol for Mitigating Contaminating gDNA 

Depending on isolation methods, cfDNA may contain gDNA or di-/tri- nucleosoms that labs 
prefer to not incorporate into their final sequenceable library. Labs can incorporate a size-se-
lected cleanup prior to starting the NEXTflex™ cell free DNA-seq library prep or choose to employ 
the alternative protocol suggested below to mitigate this issue:

Follow protocol guide as written till the end of Step A: End-Repair.

Proceed Step B: Optional Bead Size-Selection Clean-up, and in step 1. use 45 μL of AMPure 
XP Beads instead of the 37.5 per the standard protocol. Proceed with the rest of Step B till 
completion.

When starting Step D: Clean-up, in step 1. use 50 µL of AMPure XP Beads instead of the 25 µL 
per the standard protocol. Proceed with the rest of Step D till completion.

In Step E: PCR Amplification,  in step 4. use 45 µL of AMPure XP Beads instead of the 40 µL 
per standard protocol. Proceed with the rest of the protocol till completion.

Note: Labs  may scale up/titrate the AMPure bead volume higher than 45 μL for further 
optimization and remove of higher molecular weight DNA for Step B, step 1. Please be advised 
that  as more beads are added, labs may start to lose their desired cfDNA population, so careful 
titration optimization is recommended. 

To inquire about further details on a size-selected cleanup prior to starting the library prep, 
please email NGS@perkinelmer.com for recommendations.

APPENDIX A

NEXTflex™ Sequence

P1 Adapter 5' CCACTACGCCTCCGCTTTCCTCTCTATGGGCAGTCGGTGAT
5' ATCACCGACTGCCCATAGAGAGGAAAGCGGAGGCGTAGTGGTT

A Adapter 5' CTGAGTCGGAGACACGCAGGGATGAGATGGTT
5' CCATCTCATCCCTGCGTGTCTCCGACTCAG

Primer 1 5' CCACTACGCCTCCGCTTTCCTCTCTATG

Primer 2 5' CCATCTCATCCCTGCGTGTC

http://www.bioongs.com
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NOTES
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