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Applications
Whole transcriptome sequencing
Characterization of long non-coding RNA
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Single nucleotide variation (SNV) discovery

Splice junction and gene fusion identification         
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Products*
KAPA RNA HyperPrep Kit with RiboErase (HMR)
including KAPA Pure Beads

KAPA RNA HyperPrep Kit with RiboErase (HMR) Globin 
including KAPA Pure Beads

KAPA Dual-Indexed Adapter Kit
KAPA Library Quantification Kit
     

1. OVERVIEW

Identifying expression levels of coding and non-coding RNA transcripts is becoming more important in 

understanding complex diseases. RNA sequencing (RNA-Seq) is an effective method that uses next-generation

sequencing (NGS) to reveal and quantify RNA transcripts in a biological sample at a given moment, and can be 

used to characterize the dynamic transcriptome environment. Several options are available for whole 

transcriptome analysis using RNA-Seq, but selecting the appropriate library preparation method is critical to 

identify the transcripts of interest in a cost-effective manner. 

The KAPA RNA HyperPrep Kit with RiboErase (HMR or Human/Mouse/Rat) depletes both cytoplasmic and

mitochondrial ribosomal RNA (rRNA) transcripts, which account for up to 90% of total RNA content
1

in these 

species. In addition to rRNA, for blood-derived sample types, the KAPA RNA HyperPrep Kit with RiboErase 

(HMR) has been expanded to include a module for depletion of globin mRNA transcripts, typically making up 

~60% of residual mRNA transcripts.
2

Besides rRNA and globin mRNA, a typical RNA sample contains several 

highly expressed coding and/or non-coding RNA transcripts, which vary between tissue types. 
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Depletion of unwanted transcripts, including rRNA and/or globin and highly expressed RNA transcripts, 

improves the detection of rare transcripts, or those with subtle changes in expression levels between cell types 

or biological conditions. The overall number of reads required to meet experimental objectives may, 

consequently, be reduced, driving down the cost of sequencing. The ability to deplete different types of RNA 

transcripts simultaneously without changing the library construction protocol reduces the sequencing depth 

needed to detect low-abundance RNA transcripts in a flexible and automation-friendly workflow. 

Two accompanying Application Notes are available, which illustrate the utility and flexibility of the KAPA RNA 

product portfolio for customized depletion of RNA transcripts. The first Application Note3 demonstrates that the 

introduction of custom depletion oligos into the KAPA RNA HyperPrep Kit with RiboErase (HMR) Globin can 

efficiently deplete additional highly expressed human RNA transcripts with very high specificity, thereby 

improving the coverage of lower expressed RNA molecules. The second Application Note4 outlines depletion of

unwanted RNA transcripts using the KAPA RNA HyperPrep Kit with RiboErase (HMR) with a user-supplied set

of oligos for any target species. 

This Technical Note provides detailed information on how to design and incorporate customized DNA oligos for 

the targeted depletion of abundant RNA transcript(s) and subsequently generate sequencing-ready libraries 

using the KAPA RNA HyperPrep with RiboErase workflow.5

1
Lodish H, Berk A, Zipursky SL, et al. Molecular Cell Biology. 4th edition. New York: W. H. Freeman; 2000. Section 11.6, Processing of 

rRNA and tRNA. 

2
Krjutškov, K, Koel M, Roost A-M et al. Globin mRNA reduction for whole-blood transcriptome sequencing. Scientific Reports 

2016;6:31584.doi: 10.1038/srep31584 

3
De Jager et al. (2018). KAPA RiboErase (HMR) Kits offer a flexible technology for selective transcript depletion prior to library 

construction for whole transcriptome analysis. Roche Application Note, SEQ100319.

4
Siba et al. (2018). High-efficiency species-specific ribosomal RNA depletion with the KAPA RNA HyperPrep Kit. Roche Application Note, 

SEQ100333.

5
KAPA RNA HyperPrep Kit with RiboErase (HMR) Instructions for Use, v2.17 or later. Roche Document Number KR1351.
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3. REQUIRED REAGENTS

The following reagents are supplied by Roche:

 KAPA RNA HyperPrep Kit with RiboErase (HMR) (includes KAPA Pure Beads)

 Roche PN: 08098131702 (24 libraries)

 Roche PN: 08098140702 (96 libraries)

 KAPA RNA HyperPrep Kit with RiboErase (HMR) Globin (includes KAPA Pure Beads)

 Roche PN: 08308314702 (24 libraries)

 Roche PN: 08308241702 (96 libraries)

The following ancillary reagents are supplied by Roche:

 KAPA Dual-Indexed Adapter Kit (Roche PN: 08278555702)

 KAPA Library Quantification Kit (500 reactions)

 Universal qPCR Master Mix (Roche PN: 07960140001)

 ABI Prism qPCR Master Mix (Roche PN: 07960204001)

 Bio-Rad iCycler qPCR Master Mix (Roche PN: 07960255001)

 ROX Low qPCR Master Mix (Roche PN: 07960336001)

 qPCR Master Mix optimized for LightCycler® 480 Instrument (Roche PN: 07960298001)

 KAPA SYBR FAST One-Step qRT-PCR Kit*

 Universal qRT-PCR Master Mix (Roche PN: 07959613001)

 ABI Prism qRT-PCR Master Mix (Roche PN: 07959656001)

 qRT-PCR Master Mix optimized for LightCycler® 480 Instrument (Roche PN:07959753001)

 Bio-Rad iCycler qRT-PCR Master Mix (Roche PN: 07959702001)

*For US and Japanese customers, please contact your local Roche Diagnostics Representative for a quote.

For customers in other regions, please contact your local Merck Representative or visit www.sigmaaldrich.com/kapa for a quote.

The following reagents are not supplied by Roche, and must be sourced or prepared from general laboratory 

stocks:

 Custom, target-specific hybridization oligonucleotides from an appropriate supplier

 80% ethanol

 10 mM Tris-HCl, pH 8.0 - 8.5

The following equipment and plasticware are not supplied by Roche but are required for this workflow:

 Pipettes

 Thermocyclers (for standard and qPCR)

 PCR tubes/96-well PCR plates (0.2 mL)

 Low DNA-binding microtubes (1.5 mL)

 Magnetic block e.g. DynaMag 96 Side Magnet (ThermoFisher Scientific Catalog number: 
12331D)

 NanoDrop Spectrophotometer or other DNA quantification method 

 Agilent 2100 Bioanalyzer or other fragment analyzer

http://www.sigmaaldrich.com/kapa
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4. WORKFLOW

The full KAPA RNA HyperPrep with RiboErase workflow, from input RNA to sequencing-ready library, is depicted in     

Figure 1. In this Technical Note, five depletion workflow options are described: 

(A) rRNA (HMR) Oligos: Depletion 

of rRNA from human, mouse and rat 

derived RNA. 

(B) rRNA (HMR) Oligos + Globin:

Depletion of rRNA and globin mRNA 

transcripts from human, mouse and 

rat derived RNA.

(C) rRNA (HMR) Oligos + Custom:

Depletion of rRNA and custom 

targeted RNA transcripts from human, 

mouse and rat derived RNA. 

(D) rRNA (HMR) Oligos + Globin 

+ Custom: Depletion of rRNA, globin 

mRNA and custom targeted RNA 

transcripts from human, mouse and 

rat derived RNA. 

(E) Custom Oligos: Depletion of 

custom targeted RNA transcripts from 

any target species. 

Figure 1: Overview of the KAPA RNA HyperPrep with RiboErase (HMR) workflow. DNA hybridization oligos targeting rRNA, globin 

mRNA, custom RNA transcripts or a combination of these targets (A to E) can be incorporated into the KAPA RiboErase workflow as 

required. DNA hybridization oligos indicated in orange are commercially available and in green indicate the additional custom designed 

DNA oligos. The hybridization oligos are added directly to the hybridization master mix (Section 8), with no change to workflow. Following 

hybridization of oligos, RNase H specifically degrades RNA transcripts hybridized to the DNA oligos. The original, complementary DNA 

hybridization oligos are subsequently removed by treatment with DNase to prevent carryover into downstream library preparation. 
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5. DESIGNING CUSTOM DEPLETION OLIGOS

When designing a set of custom depletion oligos, the following design parameters are technically important:

 Ensure that alternative splicing events are taken into account when oligos are designed.

 The correct (final) RNA sequence in the 5’ - 3’ orientation should be used to identify potential 
target regions for the DNA oligos. 

 These DNA oligos should be approximately 50 bp in length, adjacent, and non-overlapping to 
span the target RNA sequences.

 Gaps between the DNA oligos should range between 5 - 10 bp in length to ensure effective 
depletion of the target sequence. These gaps can be adjusted as required, and also allow for 
the exclusion of areas with low complexity such as GC-rich or AT-rich regions. 

 The number of DNA oligos required is dependent on the length of the RNA transcript.

Figure 2 demonstrates how to design the required DNA oligos for a specific transcript by incorporating 
the above mentioned design parameters.

Figure 2: Example of DNA oligonucleotide design for a specific RNA transcript.
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Once the DNA oligos have been designed, two critical quality control steps need to be followed. The first is to 

calculate an alignment score – which is an indication of how well the target transcript is covered by DNA oligos. 

The second is to find regions of similarity between the DNA oligos and non-target sequences to reduce 

potential off-target depletion. This can be accomplished by using the Basic Local Alignment Search Tool

(BLAST) from NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The nucleotide BLAST module is suitable for this 

purpose and is demonstrated in Figure 3. DNA oligos should also be checked for complementarity and the 

formation of secondary structures by using OligoAnalyzer (https://www.idtdna.com/oligoanalyzer).

Figure 3: Nucleotide BLAST result for oligo design. The BLAST output illustrates the alignment scores for a specific RNA target. By 
designing four adjacent and non-overlapping DNA oligos and leaving 5 bp intervals between each oligo, the length of the entire transcript 
is effectively covered by DNA oligos. An alignment score of 80 – 200 (pink lines) should be aimed for, as this indicates high enough 
similarity between DNA oligos and RNA target, which means a reduction in potential off-target depletion.

6. ORDERING CUSTOM DEPLETION OLIGOS

The DNA oligos can be purchased from any reputable oligonucleotide supplier; however several ordering 

specifications should be taken into account.

Oligonucleotides are synthesized at different scales, which is an approximation of the amount of final product.

The amount of oligo obtained is always less than the starting synthesis scale since the coupling efficiency of 

each nucleotide into the chain is <100%. Depending on the number of reactions required, a synthesis scale of 

between 25 and 100 nmol is recommended. The oligos will be provided in plates or tubes, appropriate to the 

number of 5000 – 20 000 reactions, which is user dependent.

During DNA oligo synthesis, each nucleotide is added to the growing chain where a low percentage of chains 

do not extend completely. This results in a mixture of full length oligos and truncated sequences (for example: 

n-1, n-2 oligo chains). For this application, standard desalting is sufficient for the removal of the undesired 

truncated oligo products. 

Obtaining “LabReady” (normalized to 100 µM in 1X Tris-EDTA buffer, pH 8.0) oligos is preferable to reduce the 

hands-on time and risk of contamination, however oligos can be ordered lyophilized. If lyophilized oligos are 

ordered, it is recommended to spin the tubes down to collect all molecules prior to resuspension. This ensures 

that the oligos are resuspended to the required concentration. 

7. PROCESSING CUSTOM DEPLETION OLIGOS

Upon receipt of the DNA oligos, it is recommended that each tube/plate is inspected to confirm visually that 

each DNA oligo is present. Confirm the concentration of each DNA oligo (ssDNA) using a NanoDrop 

Spectrophotometer or other DNA quantification method. Pool each DNA oligo in equimolar amounts. 

Determine the concentration of the pooled DNA oligos using a NanoDrop spectrophotometer or other DNA 

quantification method and dilute the pool to a final concentration of 0.5 - 1 µg/µL (recommended concentration 

for RNA depletion).
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8. INCORPORATING CUSTOM DEPLETION OLIGOS INTO THE KAPA RNA HYPERPREP WORKFLOW

RNA Input 

This protocol has been validated with inputs of 25 ng – 1 µg of total RNA, in 10 µL RNase-free water. Inputs < 25 ng can be 

attempted depending on RNA quality (DV200 > 50%), without any modification to workflow. For low inputs, the number of 

library amplification cycles may require optimization.

Quality Control (Required)

 Performing quality control on the input RNA to determine the concentration is required at this stage. 

 Recommended QC assay: 

 Fluorometric analysis to quantify input RNA

Quality Control (Strongly recommended)

 Performing quality control on the input RNA to determine the quality is strongly recommended at this 

stage.

 Recommended QC assay: 

 Electrophoretic analysis to determine quality of input RNA

Oligo Hybridization and RNA Depletion

The maximum volume of DNA oligos that can be added to the Hybridization Mix in the KAPA RiboErase

workflow is 6 µL, and can consist of any oligo combination targeting rRNA, globin mRNA, and custom designed 

oligos as required. In this Technical Note, five workflow options are described:

(A) rRNA (HMR) Oligos* – Depletion of rRNA from human, mouse and rat derived RNA samples.

(B) rRNA (HMR) Oligos + Globin* – Depletion of rRNA and globin mRNA transcripts from human, mouse and 
rat derived RNA samples.

(C) HMR Oligos + Custom - Depletion of rRNA and custom** targeted RNA transcripts from human, mouse and 
rat derived RNA samples.

(D) HMR Oligos + Globin + Custom – Depletion of rRNA, globin mRNA and custom** targeted RNA transcripts 
from human, mouse and rat derived RNA samples.

(E) Custom – Depletion of custom** targeted RNA transcripts from any target species. 

*Standard workflow
**To be custom designed by user

1. Assemble RNA Hybridization reaction in a tube or well of a PCR plate as follows:

Component*

(A) HMR (B) HMR + 

Globin

(C) HMR + 

Custom

(D) HMR + 

Globin + 

Custom

(E) Custom 

Total RNA in water 10 µL 10 µL 10 µL 10 µL 10 µL

Hybridization Buffer** 4 µL 4 µL 4 µL 4 µL 4 µL

Hybridization Oligos (HMR)** 4 µL 4 µL 4 µL 4 µL -

Globin Hybridization Oligos (HMR)** - 1 µL - 1 µL -

Custom DNA Oligo mix** - - 1 µL 1 µL 1 - 6 µL***

RNase-free water** 2 µL 1 µL 1 µL - 0 - 5 µL***

Total volume 20 µL 20 µL 20 µL 20 µL 20 µL

*All reagents are supplied with the kit, excluding the Custom DNA Oligo mix and the RNase-free water.
**Premix the buffer, water and oligos and add in a single pipetting step. Keep mixture at room temperature prior to use.
***If using custom oligos only, the maximum volume is 6 µL and the volume of water will be variable up to 20 µL.
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2. Place samples in the pre-programmed thermocycler and execute the program.

Step Temperature Duration

Hybridization 95°C 2 min

Ramp down to 45°C at -0.1°C/s*

PAUSE 45°C ∞

Depletion 45°C 30 min

HOLD 4°C ∞

*Prepare the depletion Master Mix (as per point 3 below) during this incubation time.

3. Ensure that the depletion master mix containing RNase H is added while the samples are kept at 45°C in a 
thermocycler. When the program reaches the pause step at 45°C, add 5 µL of the depletion master mix* to each 
20 µL hybridization reaction and mix thoroughly by pipetting up and down multiple times.

Component Volume

rRNA Hybridization reaction 20 µL

Depletion Buffer* 3 µL

RNase H* 2 µL

Total volume 25 µL

*Premix the buffer and enzyme and added in a single pipetting step. Prepare and 
keep this mixture at room temperature prior to use.

4. Resume the cycling program to continue with the depletion step (45°C for 30 min).

5. Proceed immediately to rRNA Depletion Cleanup.

rRNA Depletion Cleanup

1. In the same plate/tubes(s), perform a 2.2X bead-based cleanup by combining the following:

Component Volume

rRNA-depleted RNA 25 µL

KAPA Pure Beads* 55 µL

Total volume 80 µL

*Incubate at room temperature for 15 minutes prior to use and vortex well.

2. Thoroughly mix by pipetting up and down multiple times.

3. Incubate the plate/tube(s) at room temperature for 5 min to bind RNA to the beads. 

4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear. 

5. Carefully remove and discard 75 µL of supernatant. 

6. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

7. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

8. Carefully remove and discard the ethanol. 

9. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

10. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

11. Carefully remove and discard the ethanol. Try to remove all residual ethanol without disturbing the beads. 

12. Dry the beads at room temperature for 3 – 5 min, or until all of the ethanol has evaporated. 

Caution: over-drying the beads may result in reduced yield.
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DNase Digestion

1. Assemble DNase digestion reactions as follows:

Component Volume

Beads with depleted RNA -

DNase Buffer* 2.2 µL

DNase* 2 µL

RNase-free water* 17.8 µL

Total volume 22 µL

*Premix the buffer, enzyme and water and add in a single pipetting step. Prepare 
and keep this mixture at room temperature prior to use.

2. Thoroughly resuspend the beads by pipetting up and down multiple times.

3. Incubate the plate/tubes(s) at room temperature for 3 min to elute the RNA off the beads.

4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear.

5. Carefully transfer the 20 µL of supernatant into a new plate/tube(s). Discard the plate/tube(s) with beads.

6. Incubate the plate/tube(s) with the supernatant using the following protocol:

Step Temperature Duration

DNase digestion 37°C 30 min

HOLD 4°C ∞

7. Proceed immediately to DNase Digestion Cleanup.

DNase Digestion Cleanup

1. In the same plate/tubes(s), perform a 2.2X bead-based cleanup by combining the following:

Component Volume

DNase-treated RNA 20 µL

KAPA Pure Beads* 44 µL

Total volume 64 µL

*Incubate at room temperature for 15 minutes prior to use and vortex well.

2. Thoroughly mix by pipetting up and down multiple times.

3. Incubate the plate/tube(s) at room temperature for 5 min to bind RNA to the beads. 

4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear. 

5. Carefully remove and discard 60 µL of supernatant. 

6. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

7. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

8. Carefully remove and discard the ethanol. 

9. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

10. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

11. Carefully remove and discard the ethanol. Try to remove all residual ethanol without disturbing the beads. 

12. Dry the beads at room temperature for 3 – 5 min, or until all of the ethanol has evaporated. 

Caution: over-drying the beads may result in reduced yield.
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Quality Control (Recommended)

 Performing quality control to determine efficiency of RNA depletion is recommended at this stage.

 Recommended QC assay: 

 qRT-PCR using the KAPA SYBR FAST One-Step qRT-PCR Kit6

A one-step qRT-PCR assay can be used to assess the success of the depletion of undesired RNA. The qRT-PCR data is 

predictive of % reads wasted on undesired RNA transcripts, prior to sequencing (Section 9). 

An aliquot of RNA (see Section 9 for detailed protocol to assess RNA depletion efficiency) is retained following RNA 

depletion and prior to fragmentation in the KAPA RNA HyperPrep workflow (Figure 1). qRT-PCR is performed using primers 

against the target RNA transcript and a reference control gene transcript. Calculation of the delta Cq (ΔCq) value between 

the depleted sample and a control input sample reflects the success of RNA depletion. See Section 9 for guidelines on 

designing assay primers.

RNA Elution, Fragmentation and Priming

RNA depleted of undesired RNA is eluted from beads in Fragment, Prime and Elute Buffer (1X) and fragmented to the 

desired size by incubation at high temperature.

1. Prepare the required volume of Fragment, Prime and Elute Buffer (1X) by combining the following at room 
temperature:

Component Volume 

Fragment, Prime and Elute Buffer (2X) 11 µL

RNase-free water 11 µL

Total volume 22 µL

2. Thoroughly resuspend the beads with purified, DNase-treated RNA in 22 µL of Fragment, Prime and Elute Buffer 
(1X) by pipetting up and down multiple times.

3. Incubate the plate/tube(s) at room temperature for 3 min to elute RNA off the beads.

4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear.

5. Carefully transfer 20 µL of supernatant into a new plate/tube(s). Discard the plate/tube(s) with beads.

Safe stopping point: Samples can be stored at -15°C to -25°C for ≤ 24 hrs. 

6. Place plate/tube(s) in a thermocycler and carry out the fragmentation and priming protocol as follows:

Input RNA type
Desired mean library 

insert size (bp)
Temperature Duration

Intact

100 - 200 94°C 8 min

200 - 300 94°C 6 min

300 - 400 85°C 6 min

Partially degraded 100 - 300 85°C 1 - 6 min

Degraded (e.g. FFPE) 100 - 200 65°C 1 min

7. Place plate/tube(s) on ice and proceed immediately to 1st Strand Synthesis.

6
KAPA SYBR FAST One-Step qRT-PCR Kit Instructions for Use, v2.17 or later. Roche Document Number KR0393.
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1st Strand Synthesis

1. On ice, assemble the 1st strand synthesis reaction as follows and add only 10 µL of the 1st strand synthesis 
master mix* to 20 µL of fragmented, primed RNA:

Component Volume 

1st Strand Synthesis Buffer* 11 µL

KAPA Script* 1 µL

Volume of master mix* 12 µL

Volume to add** 10 µL

*Premix the buffer and enzyme and add in a single pipetting step. The 1st strand 
synthesis master mix includes an excess. 

**Only add 10 µL of the 1st strand synthesis master mix to 20 µL of the fragmented, 
primed RNA.

2. Keeping the plate/tube(s) on ice, mix thoroughly by gently pipetting the reaction up and down several times.

3. Incubate the plate/tube(s) using the following protocol:

Step Temperature Duration

Primer extension 25°C 10 min

1st strand synthesis 42°C 15 min

Enzyme inactivation 70°C 15 min

HOLD 4°C ∞

4. Place plate/tube(s) on ice and proceed immediately to 2nd Strand Synthesis and A-tailing.

2nd Strand Synthesis and A-tailing

1. On ice, assemble the 2nd strand synthesis and A-tailing reaction as follows and add only 30 µL of the 2nd strand 
synthesis master mix* to 30 µL of 1st strand synthesis product:

Component Volume

2nd Strand Marking Buffer* 31 µL

2nd Strand Synthesis & A-tailing Enzyme Mix* 2 µL

Volume of master mix* 33 µL

Volume to add** 30 µL

*Premix the buffer and enzyme and add in a single pipetting step. The 2nd strand 
synthesis master mix includes an excess. 

**Only add 30 µL of the 2nd strand synthesis master mix to 30 µL of the 1st strand 
synthesis product.

2. Keeping the plate/tube(s) on ice, mix thoroughly by gently pipetting the reaction up and down several times.

3. Incubate the plate/tube(s) using the following protocol:

Step Temperature Duration

2nd strand synthesis 16°C 30 min

A-tailing 62°C 10 min

HOLD 4°C ∞

4. Place plate/tube(s) on ice and proceed immediately to Adapter Ligation.
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Adapter Ligation

1. Dilute adapters in preparation for ligation, targeting the following concentrations:

Quantity of starting 

material
Input RNA type

Adapter stock 

concentration

25 – 499 ng

Partially degraded or 
FFPE-derived 

1.5 µM

High-quality 1.5 µM

500 – 1000 ng

Partially degraded or 
FFPE-derived 

1.5 µM

High-quality 7 µM

2. Add 5 µL of diluted adapter stock to each sample. By adding the adapters prior to the ligation master mix, it will 
reduce the adapter-dimer formation.  

3. On ice, set up the adapter ligation reaction as follows and only add 45 µL of the ligation master mix* to the 2nd 
strand synthesis product including adapter. 

Component Volume 

Ligation Buffer* 40 µL

DNA Ligase* 10 µL

Volume of master mix* 50 µL

Volume to add** 45 µL

*The buffer and enzyme should be premixed and added in a single pipetting step. 
The ligation master mix includes an excess.  

**Only add 45 µL of the ligation master mix to the 2nd strand synthesis product.

4. Keeping the plate/tube(s) on ice, mix thoroughly by pipetting the reaction up and down several times.

5. Incubate the plate/tube(s) at 20°C for 15 min.

6. Proceed immediately to 1st Post-ligation Cleanup.

1st Post-ligation Cleanup

1. In the same plate/tubes(s), perform a 0.63X bead-based cleanup by combining the following:

Component Volume

Adapter-ligated DNA 110 µL

KAPA Pure Beads* 70 µL

Total volume 180 µL

*Incubate at room temperature for 15 minutes prior to use and vortex well.

2. Thoroughly mix by pipetting up and down multiple times.

3. Incubate the plate/tube(s) at room temperature for 5 - 15 min to bind DNA to the beads. 

4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear. 

5. Carefully remove and discard 175 µL of supernatant. 

6. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

7. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

8. Carefully remove and discard the ethanol. 
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9. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

10. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

11. Carefully remove and discard the ethanol. Try to remove all residual ethanol without disturbing the beads. 

12. Dry the beads at room temperature for 3 – 5 min, or until all of the ethanol has evaporated. 

Caution: over-drying the beads may result in reduced yield.

13. Remove the plate/tube(s) from the magnet.

14. Thoroughly resuspend the beads in 50 µL of 10 mM Tris-HCl (pH 8.0 – 8.5).

15. Incubate the plate/tube(s) at room temperature for 2 min to elute DNA off the beads. 

Safe stopping point: The solution with resuspended beads can be stored at 2°C to 8°C for ≤ 24 hrs. Do not 
freeze the beads, as this can result in dramatic loss of DNA. 

16. When ready, proceed to 2nd Post-ligation Cleanup.

2nd Post-ligation Cleanup

1. In the same plate/tubes(s), perform a 0.7X bead-based cleanup by combining the following:

Component Volume

Beads with purified adapter-ligated DNA 50 µL

PEG/NaCl Solution 35 µL

Total volume 85 µL

*Incubate at room temperature for 15 minutes prior to use and vortex well.

2. Thoroughly mix by pipetting up and down multiple times.

3. Incubate the plate/tube(s) at room temperature for 5 - 15 min to bind DNA to the beads. 

4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear. 

5. Carefully remove and discard 80 µL of supernatant. 

6. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

7. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

8. Carefully remove and discard the ethanol. 

9. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

10. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

11. Carefully remove and discard the ethanol. Try to remove all residual ethanol without disturbing the beads. 

12. Dry the beads at room temperature for 3 – 5 min, or until all of the ethanol has evaporated. 

Caution: over-drying the beads may result in reduced yield.

13. Remove the plate/tube(s) from the magnet.

14. Thoroughly resuspend the beads in 22 µL of 10 mM Tris-HCl (pH 8.0 – 8.5).

15. Incubate the plate/tube(s) at room temperature for 2 min to elute DNA off the beads. 

16. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear.

17. Transfer 20 µL of the clear supernatant to a new plate/tube(s) and proceed to Library Amplification.
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Library Amplification

1. Assemble the library amplification reaction as follows and add 30 µL of the library amplification master mix* to    
20 µL of purified, adapter-ligated DNA:

Component Volume

Purified, adapter-ligated DNA 20 µL

KAPA HiFi HotStart ReadyMix (2X)* 25 µL

KAPA Library Amplification Primer Mix (10X)* 5 µL

Total volume 50 µL

*Premix the ReadyMix and Primer Mix and add in a single pipetting step.

2. Mix well by pipetting up and down several times.

3. Amplify the library using the following thermocycling profile:

Step Temperature Duration Cycles

Initial denaturation 98°C 45 sec 1

Denaturation 98°C 15 sec

Refer to table 
below

Annealing 60°C 30 sec

Extension 72°C 30 sec

Final extension 72°C 1 min 1

HOLD 4°C ∞ 1

Quantity of starting material Number of cycles

25 – 100 ng 11 – 15

101 – 250 ng 9 – 12

251 – 500 ng 7 – 10

501 – 1000 ng 6 – 8

4. Proceed to Library Amplification Cleanup.
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Library Amplification Cleanup

1. In the same plate/tubes(s), perform a 1X bead-based cleanup by combining the following:

Component Volume

Amplified library DNA 50 µL

KAPA Pure Beads* 50 µL

Total volume 100 µL

*Incubate at room temperature for 15 minutes prior to use and vortex well.

2. Thoroughly mix by pipetting up and down multiple times.

3. Incubate the plate/tube(s) at room temperature for 5 – 15 min to bind DNA to the beads. 

4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear. 

5. Carefully remove and discard 95 µL of supernatant. 

6. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

7. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

8. Carefully remove and discard the ethanol. 

9. Keeping the plate/tube(s) on the magnet, add 200 μL of 80% ethanol. 

10. Incubate the plate/tube(s) on the magnet at room temperature for ≥ 30 sec. 

11. Carefully remove and discard the ethanol. Try to remove all residual ethanol without disturbing the beads. 

12. Dry the beads at room temperature for 3 – 5 min, or until all of the ethanol has evaporated. 

Caution: over-drying the beads may result in reduced yield.

13. Remove the plate/tube(s) from the magnet.

14. Thoroughly resuspend the beads in 22 µL of 10 mM Tris-HCl (pH 8.0 – 8.5).

15. Incubate the plate/tube(s) at room temperature for 2 min to elute DNA off the beads. 

16. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear.

17. Transfer 20 µL of the clear supernatant to a new plate/tube(s) and store the purified, amplified libraries at 2°C to 
8°C (≤1 week), or at -15°C to -25°C.

Quality Control (Strongly recommended)

 Performing quality control to determine final library size distribution is strongly recommended at this stage.

 Recommended QC assay: 

 Electrophoretic analysis to determine final library size distribution and confirm minimal primer or 

adapter dimer carryover.

Quality Control (Strongly recommended)

 Performing quality control to determine final library yield is recommended at this stage.

 Recommended QC assay: 

 qPCR, such as KAPA Library Quantification Kit7

7
KAPA Library Quantification Kit Illumina Platforms Instructions for Use, v9.17 or later. Roche Document Number KR0405.
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9. EVALUATING RNA DEPLETION EFFICIENCY 

This section describes how to assess the efficiency of rRNA, globin mRNA, as well as custom target RNA 

depletion using a one-step qRT-PCR assay. The assay described below will help to determine the relative level 

of depletion obtained from samples using primer sequences targeting specific RNA transcripts and an 

appropriate reference gene (Table 1). These primers can be used to determine the relative transcript 

abundance in RNA samples depleted using the standard Hybridization Oligos (HMR), custom oligos or a 

combination. Subsequently, transcript abundance is compared against a process control that is prepared 

without the addition of RNase H, an enzyme responsible for degrading RNA duplexed to DNA. At least one 

primer set is required for each gene being depleted.

General recommendations:

 qRT-PCR is an extremely sensitive measurement technique that is vulnerable to variation arising 

from a number of sources. Triplicate reactions are recommended for samples and controls, but the 

number of replicates may be reduced to two in order to increase throughput and reduce per-

sample cost. When selecting the best strategy for a workflow and throughput requirements, keep 

in mind that reducing the number of replicates increases the risk of having to re-assay samples if 

reliable data was not obtained.

 While this protocol specifies 20 μL reactions, volumes may be scaled down to 10 μL, if required. 

 The process control (no RNase H) is only required for the qRT-PCR assay and does not need to be 

included in the downstream KAPA RNA HyperPrep workflow or subsequent sequencing run.

Materials required to perform this assay:

1. KAPA SYBR FAST One-Step qRT-PCR Kit

2. Desalted primers (forward & reverse) (custom primer design, page 18).

Table 1: Examples of qRT-PCR primer sequences.

Types of primers Primer Sequence (5’- 3’) Product Length

GAPDH (Reference)
Forward 5'– ACCATCTTCCAGGAGCGAGA– 3’
Reverse 5'– ATGGTGGTGAAGACGCCAGT– 3’

92

28S (rRNA)
Forward 5'– TACCGGCACGAGACCGATAG– 3’
Reverse 5'– TTAACGGTTTCACGCCCTCTT– 3’

91

HGA (Globin)
Forward 5'– CGGTCAACTTCAAGCTCCTAAG– 3’
Reverse 5'– GGCTCCAGCTTAACGGTATTTG– 3’

152

HGB (Globin)
Forward 5'– CTTCAGGCTCCTGGGCAAC– 3'

Reverse 5'– GACAGCAAGAAAGCGAGCTTAG– 3'
154
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Custom Primer Design:

qRT-PCR primers can be designed using an array of free primer design software, such as PrimerQuest 

(https://eu.idtdna.com/PrimerQuest/Home/Index) or Primer3 web version 4.1.0 (http://primer3.ut.ee). Figure 4 

illustrates how to design a qRT-PCR primer for a specific transcript. At least one primer set is required for each 

gene you are depleting and should be designed to overlap the exon-exon junctions of the target transcript. 

Primers should be between 18 – 20 bp in length to ensure adequate target specificity; and produce a PCR

product of 100 - 200 bp. The annealing temperature of each primer in a pair will need to be 60 ± 3°C. The 

annealing temperature of each primer will depend on the GC content, which may be between 40 – 60%. A GC 

clamp (where a G or C base is present within the last two bases at the 3' end of the primer), promotes specific 

primer binding at the 3' end.

To reduce the occurrence of mispriming, di-nucleotide repeats and long runs of a single base should be 

avoided where possible. The primer sequences will need to be interrogated for sequence homology against the 

appropriate non-redundant database using nucleotide BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) to ensure 

high specificity to the target sequence, and avoid mispriming to any off-target sequences.

Figure 4: An example of qRT-PCR primer design for a specific transcript.

Procedure:

Process Control (No RNase H)

Provision will need to be made for a process control (no RNase H) prior to commencing the KAPA RiboErase workflow.

 For each biological sample/sample type/input amount, dilute RNA in 10 μL of RNase-free water to act as a 
process control (no RNase H) sample.

 Perform Oligo Hybridization and RNA Depletion.

 During RNA Depletion, omit RNase H from the reaction mix for the process control ONLY, and substitute the 
volume with RNase-free water.

 Continue with RNA Depletion Cleanup, DNase Digestion, and DNase Digestion Cleanup.

 Proceed to RNA Elution, Fragmentation and Priming as set out in the Table below.
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1. RNA Elution, Fragmentation and Priming if Performing Depletion QC

1.1. For RNA Elution, Fragmentation and Priming, prepare the required volume of Fragment, Prime and Elute Buffer 
(1X) by combining the following at room temperature:

Component Volume

Fragment, Prime and Elute Buffer (2X) 12 µL

RNase-free water 12 µL

Total volume 24 µL

1.2. Thoroughly resuspend the beads with purified, DNase-treated RNA in 24 μL of Fragment, Prime and Elute Buffer 
(1X) by pipetting up and down multiple times.

1.3. Incubate the plate/tube(s) at room temperature for 3 min to elute RNA off the beads.

1.4. Place the plate/tube(s) on a magnet to capture the beads. Incubate until the liquid is clear.

1.5. Carefully transfer 2 μL of supernatant into a new plate/tube(s) labeled QC (quality control) and 20 μL of 
supernatant into a new plate/tube(s) in order to proceed with fragmentation. The QC sample may be stored 
at -15°C to -25°C for ≤ 24 hrs until the qRT-PCR assay is performed.

1.6. Continue with RNA Elution, Fragmentation and Priming to perform the fragmentation and priming with the 
remainder of the supernatant (20 μL).

2. One-Step qRT-PCR Assay

2.1. Thaw depleted RNA samples and process control (no RNase H) on ice and centrifuge briefly to collect droplets. 
Dilute depleted RNA samples and process control (no RNase H) by adding 98 μL RNase-free water to each 
sample. To mix samples containing RNA, gently pipette the reaction mixture several times. Vortexing may 
fragment the RNA, resulting in loss of complexity.

2.2. Prepare a master mix containing the appropriate volume of all reaction components common to all or a subset of 
reactions to be performed.

2.3. Include a No Template Control (NTC) for each assay. The NTC will enable detection of contamination of reaction 
components.

2.4. Calculate the required volume of each component based on the following Table:

Component Volume Final Concentration

RNase-free water up to 20 µL N/A

KAPA SYBR FAST qPCR Master Mix (2X)* 10 µL 1X

10 µM primer mix (forward and reverse)** 0.4 µL 200 nM

50X KAPA RT Mix 0.4 µL 1X

Template DNA 5 µL -

50X ROX High/Low* (as required – instrument specific) 0.4 µL 1X

Total volume 20 µL

*Kits with passive dye incorporated in the qPCR mix: LC480 kits (No ROX), ABI Prism kits (ROX High), ROX Low kits (ROX Low), 
Bio-Rad iCycler kits (fluorescein). 

**Forward and reverse primers designed to target specific RNA transcript or a reference gene.

2.5. Transfer the appropriate volumes of qPCR master mix (KAPA SYBR FAST qPCR Master Mix (2X); 50X KAPA RT Mix; 50X 

ROX High/Low and RNase-free water), template, and primers to each well of a PCR plate/tube(s). Depending on the 
number of samples being assayed, the assays may be performed on separate PCR plates, ensuring that depleted 
RNA samples and process control (no RNase H) for each primer set are assayed in the same plate.

2.6. Cap or seal the reaction plate/tube(s) and centrifuge briefly.
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2.7. Perform cycling conditions as described in the following table:

Step Temperature Duration Cycles

Reverse transcription 42°C 5 min Hold

Enzyme activation 95°C 2 min Hold

Denaturation 95°C 5 sec

35Annealing/extension/data 
acquisition

60°C 20 sec

Dissociation/Melt analysis According to instrument guidelines

Data Analysis:

1) Review the background-subtracted (normalized) amplification curves and the Cq scores for replicate data points 
(depleted RNA samples and process controls (no RNase H)), and exclude outliers. Replicate data points should differ 
by ≤ 0.2 cycles. If the data set contains many outliers, the results are likely to be unreliable and the qRT-PCR should be 
repeated.

2) Calculate the average Cq values for all replicate reactions.

3) Plot the average Cq values for depleted RNA samples and process control (no RNase H) for each assay on the same 
bar graph for comparative purposes.

a) Ideally, the Cq value using the reference primer set will be similar between the process control (no RNase H) and 
depleted RNA sample. This indicates conservation of reference transcript level after rRNA depletion.

b) The Cq value using the primer set for the rRNA depleted sample should be higher than the process control (no 
RNase H). This indicates a lower concentration of rRNA in the depleted sample compared to the input.

4) Calculate the delta Cq by subtracting the average Cq for process control (no RNase H) from the average Cq of the 
corresponding depleted RNA samples (Ave Cq sample – Ave Cq control). If the efficiency of the qRT-PCR is 100%, a 
delta Cq of 3.3 cycles will indicate a 10-fold reduction in rRNA.
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