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How To…
Prepare libraries from degraded inputs with the 

KAPA RNA HyperPrep Kit with RiboErase (HMR) for whole 

transcriptome sequencing

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

Splice junction and gene fusion identification

Products
KAPA RNA HyperPrep Kit with RiboErase (HMR)
KAPA Dual-Indexed Adapter Kit
KAPA Library Quantification Kit

1. OVERVIEW

High-resolution RNA analysis using next-generation sequencing (RNA-Seq) is a rapidly growing application in 
translational and molecular diagnostics research. The quality of RNA extracted from formalin-fixed paraffin-
embedded (FFPE) tissue can be highly variable due to the damaging nature of the formalin fixation process 
where crosslinking, chemical modification, and fragmentation can occur. Additional variables that impact RNA 
quality include the age of the tissue, the extraction method, and the experience of the user. It is important to 
select the appropriate library construction technology, understand the potential impact of RNA quality on 
library and data quality, and tailor important library preparation and sequencing parameters accordingly.

Several options are available for RNA-Seq library construction on the Illumina platform. Preparation of total 
RNA-Seq libraries requires the least amount of input material and captures the most comprehensive 
transcriptome, including ribosomal RNA (rRNA) content (~90% of total RNA content). Removal of rRNA from 
RNA-Seq libraries increases the economy of sequencing and improves coverage of low-abundance transcripts 
of interest. Two common strategies to remove rRNA during library construction are to enrich for messenger 
RNA (mRNA) or to deplete rRNA from the RNA sample.

Enrichment for mRNA typically targets the poly-A tail, either through bead-based capture or selective priming 
with oligo-dT beads. Thus, the ability of mRNA enrichment to capture a full-length transcript is dependent on 
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RNA quality. Highly-degraded inputs, such as FFPE-derived RNA, are not suitable for mRNA enrichment, and 
use of this strategy will invoke a strong bias towards the 3'-ends of transcripts.

Enzymatic depletion of rRNA using complementary DNA oligonucleotides and RNase H is an efficient strategy 
for upfront removal of rRNA. In contrast to mRNA enrichment, rRNA depletion generates a more 
comprehensive representation of the transcriptome — as precursor mRNAs and non-coding RNAs are retained
— and is highly effective with degraded RNA inputs.

The quality of RNA extracted from biological specimens is highly variable and yields are often low, thus 
impacting the ability to generate high-quality sequencing libraries. The KAPA RNA HyperPrep Kit with 
RiboErase (HMR) allows for reliable construction of RNA-Seq libraries with degraded inputs and depletes both 
cytoplasmic (5S, 5.8S, 18S, and 28S) and mitochondrial (12S and 16S) rRNA species. This kit is applicable to a 
wide range of RNA-Seq applications, including gene expression analysis and single-nucleotide variation (SNV) 
discovery, as well as splice junction and gene fusion identification. 

Samples with an RNA Integrity Number (RIN) ≥7 are considered high quality. FFPE-extracted RNA typically 
lacks distinctive ribosomal peaks, thus impacting the relevance of the RIN score as a quality metric for such 
degraded samples. Here, we explain the importance of the DV200 metric, which quantifies the percentage of 
sample RNA greater than 200 nucleotides (nt) in length, as a predictor of RNA quality for degraded inputs. 

This Technical Note outlines two distinct workflows using the KAPA RNA HyperPrep Kit with RiboErase (HMR), 
which can be selected depending on the quality of the extracted RNA input. We recommend the standard 
KAPA RNA HyperPrep Kit with RiboErase (HMR) workflow for inputs with DV200 ≥ 50% and a second, modified 
workflow for inputs with DV200 < 50%. A workflow summary is provided in Figure 1 with quality control (QC)
steps indicated.

An accompanying Application Note1 demonstrates the utility of KAPA RNA HyperPrep Kits with RiboErase
(HMR) for library construction from degraded RNA inputs, and characterizes the potential impact of input RNA 
quality on library construction and sequencing outcomes.

1

                                                            

1 Nabilsi et al. (2017). KAPA RNA HyperPrep Kits with RiboErase (HMR) offer a reliable, single-day library prep solution for whole 

transcriptome sequencing from FFPE-derived RNA. Roche Application Note, SEQ100281
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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)

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:

 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:

 Thermocyclers (for standard and qPCR)

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

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

 Pipettes

 Low DNA-binding microtubes (1.5 mL)
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4. WORKFLOWS

Figure 1: KAPA RNA HyperPrep Kit with RiboErase (HMR) workflows for degraded samples. Protocol 1 is the standard workflow 
and is recommended for both degraded and FFPE-derived RNA (DV200 ≥ 50%). Protocol 2 is a modified workflow for severely degraded 
FFPE-derived RNA (DV200 < 50%). Green boxes highlight differences between the two protocols. QC steps to be performed where indicated

are highlighted in the appropriate sections are summarized in Table 1.
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Table 1: The reference table below summarizes the library preparation QC checkpoints.

QC Checkpoint Priority Assay information Application

QC1: Quantity assessment 

of input RNA sample

Required  Fluorometric methods, such as 

employed by the Qubit

fluorometer, are highly 

preferred.

 Concentration information 

from Nanodrop 

Spectrophotometer or 

electrophoretic methods is 

acceptable.

 Provides quantitative information 

regarding the amount of total RNA 

available for library construction.

QC2: Quality assessment 

of input RNA sample

Strongly recommended Electrophoretic methods, such as 

Agilent Bioanalyzer RNA assays.

 Determines if the sample is likely to 

support successful library 

construction.

 Helps to identify appropriate 

fragmentation conditions and adapter 

input concentration.

QC3: rRNA depletion 

efficiency

Recommended qRT-PCR, by using e.g. the KAPA 

SYBR FAST One-Step qRT-PCR 

Kit.

 Confirms successful depletion of rRNA 

prior to sequencing.

QC4: Final library size 

distribution assessment

Strongly recommended Electrophoretic methods:

LabChip GX, GXII, or GX Touch 

(PerkinElmer), Bioanalyzer or 

TapeStation (Agilent 

Technologies) instrument, 

Fragment Analyzer (Advanced 

Analytical), or similar instrument is 

recommended over conventional 

gels.

 Confirms successful library preparation 

by measuring the final library size 

distribution and the presence of 

undesirable products, such as adapter-

dimer.

QC5: Final library yield Strongly recommended  qPCR, such as the KAPA 

Library Quantification Kit.

 Electrophoretic methods, such 

as Agilent Bioanalyzer DNA 

assays.

 Fluorometric methods, such as

those employed in the Qubit

fluorometer.

 Most accurate method for 

quantification of NGS libraries prior to 

sequencing is qPCR.
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5. RNA QUALITY IMPACTS LIBRARY CONSTRUCTION

RNA quality has a significant impact on library construction. When input quantity is limiting and/or sample 

quality is very low, the fragmentation parameters and ligation reaction parameters (adapter concentration and 

post-ligation cleanup rates) may be modified to improve performance. 

RNA extracted from specific types of biological samples (e.g. fresh-frozen tissues) may present partially 

degraded electrophoretic profiles. Typically, partially degraded samples have low RIN scores (in comparison to 

fully intact samples), but relatively high DV200 values (in comparison to FFPE samples). For partially degraded 

samples, fragmentation conditions may be modified to improve library yield and/or alter fragment size 

distribution. 

Bioanalyzer traces for partially degraded input RNA samples of varying quality are shown in Figure 2A – C. 

Final amplified libraries using different fragmentation time and temperature from each input are shown in 

Figure 2D – F. Note that for a given fragmentation condition, libraries generated from lower-quality samples 

are shorter than those generated from higher-quality inputs, as shown in Figure 2G. This trend is particularly 

evident with decreased fragmentation time and temperature conditions. Thus, when applying a single 

fragmentation condition across samples of varying qualities, more quality-dependent differences in final library 

sizes are expected if fragmenting at lower temperatures and/or reduced durations.

Higher adapter-insert molar ratios typically result in improved conversion of DNA (or cDNA) fragments to 

sequenceable library molecules; particularly for low-input and/or low-quality inputs. However, this benefit may 

be offset by an increased rate of adapter-dimer formation. Another key factor that impacts final library yield and 

composition (sequenceable molecules vs adapter-dimers) is the bead ratio used for post-ligation cleanups.

These key factors are described in Appendix A.
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Figure 2: Titration of fragmentation conditions for 

partially degraded samples. UHR RNA was chemically-

degraded to various degrees to generate inputs classified as 

high (A), moderate (B) and low quality (C) and analyzed using 

an Agilent RNA 6000 Pico Kit. Five fragmentation conditions 

were used to fragment 100 ng of each input type and libraries 

were subsequently constructed and analyzed using Agilent 

High Sensitivity DNA Kit (D, E, F). The mean library lengths 

obtain for each fragmentation condition illustrated that 

libraries generated from lower-quality samples are shorter 

than those generated from higher-quality inputs (G).
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6. QUALITY CONTROL OF INPUT RNA

Efforts should be made to minimize the presence of genomic DNA (gDNA) contamination in the RNA sample. 

During ribosomal depletion, RNA is incubated under conditions that promote hybridization of rRNA to 

complementary DNA oligonucleotides, followed by treatment with RNase H to remove rRNA duplexed with 

DNA. Under these conditions, contaminating gDNA may similarly hybridize to complementary transcripts, 

leading to undesirable degradation of non-rRNA species. Significant DNA contamination would also lead to an 

increased number of intergenic reads. Therefore, if not part of the RNA extraction process, total RNA should be 

treated with DNase (without heat inactivation) and re-purified before the RNA extract is used for NGS library 

construction.

Fluorometric assays are recommended to quantify RNA samples, as they generally provide a more sensitive 

measurement of nucleic acid concentration than spectrophotometric methods. For example, the Qubit RNA HS 

Assay is highly selective for RNA, will not quantify DNA, protein or free nucleotides, and is effective for low-

abundance RNA samples (designed for RNA sample concentrations between 250 pg/µL and 100 ng/µL).

Quality Control 1 (Required)

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

 Refer to Table 1

 Recommended QC assay: 

 Fluorometric analysis to quantify input RNA

Quality Control 2 (Strongly recommended)

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

 Refer to Table 1

 Recommended QC assay: 

 Electrophoretic analysis to determine quality of input RNA

The quality and size distribution of input RNA should be assessed prior to library construction by an 

electrophoretic method (e.g. an Agilent Bioanalyzer RNA assay). Two metrics frequently used to evaluate RNA 

quality based on the sample’s electrophoretic trace include the RIN and the DV200 value. The RIN score is 

automatically tabulated by the Agilent Expert software, which computes the ratio of ribosomal peaks and the 

presence of degraded product to assign the integrity number. Samples with a RIN ≥ 7 are considered high 

quality. FFPE-derived RNA typically lacks distinctive ribosomal peaks, thus impacting the relevance of the RIN 

score as a quality metric for such degraded samples. For instructions on how to assess DV200 values using the 

Agilent Expert software, see Appendix B.

RNA fragments shorter than 200 nt are poor substrates for RNA-Seq library construction and are likely to be 

lost following fragmentation, random priming, and subsequent library cleanup steps. The DV200 metric 

quantifies the percentage of sample RNA greater than 200 nt in length and is expected to be more reflective of 

RNA quality than the RIN score, when applied to lower-quality degraded inputs (

Figure 3). 
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Figure 3: Electrophoretic profiles for UHR, fresh frozen (FF) and formalin fixed paraffin embedded (FFPE) RNA samples 
showing the comparison between RIN and DV200 metrics. Electropherograms were generated using an Agilent 2100 Bioanalyzer and 
RNA 6000 Pico Kit. Blue shading highlights RNA fragments > 200 nt. The region circled in red in the breast tumor FFPE sample (E) 
designates a high-molecular weight peak that is likely the result of crosslinking or inefficient deparaffinization (rather than intact 
transcripts that could be efficiently converted to sequenceable cDNA fragments).

A B

D

E

C

Breast tumor FFPE
RIN = 2.2
DV200 = 76%
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7. LIBRARY CONSTRUCTION PROTOCOLS

Protocol 1: RNA with a DV200 ≥ 50% (Standard workflow)

For high-quality RNA as well as FFPE-derived RNA with DV200 ≥ 50%, we would recommend using the standard 

workflow as described in the KAPA RNA HyperPrep Kit with RiboErase (HMR) Instructions for use.2 The 

protocol consists of the following steps: (i) enzymatic depletion of rRNA transcripts, (ii) heat fragmentation of 

RNA, (iii) random priming and first-strand cDNA synthesis, (iv) second-strand synthesis and A-tailing, (v) the 

addition of Illumina-specific adapters, and (vi) library amplification. Enzymatic depletion entails the 

hybridization of DNA probes to cytoplasmic (5S, 5.8S, 18S, and 28S) and mitochondrial (12S and 16S) rRNA 

transcripts, followed by the degradation of RNA:DNA hybrids with RNase H. The entire workflow (Figure 1) is 

automation-friendly, and can be completed in a standard workday. The rRNA depletion probes included in the 

kit are optimized for human, mouse and rat species.

Protocol 2: RNA with a DV200 < 50% (Modified workflow)

This protocol describes library construction using the KAPA RNA HyperPrep Kit with RiboErase (HMR) 

with 100 ng input of highly degraded FFPE RNA (DV200 < 50%). We strongly suggest increasing the input 

amount up to 1 µg, as this can decrease adapter dimer formation and increase complexity, as well as improve 

the success rates with extremely degraded samples. Library preparation using severely degraded inputs     

(DV200 < 30%) is highly variable and failure is likely, therefore parameters will need to be determined 

empirically.  

Note: If using inputs higher than 100 ng, optimization may be required for certain steps in the workflow. The 

adapter concentration should be increased and the number of amplification cycles decreased.

The Table below lists the library prep optimizations for the standard vs modified workflow.

Optimization Standard workflow Modified workflow

Input quantity 25 ng – 1 µg ≥ 100 ng

Fragmentation 4 min at 94°C 1 min at 65°C

Adapter concentration 1.5 µM 750 nM

Post-ligation cleanups 0.63X and 0.7X 0.8X and 0.9X

                                                            

2
KAPA RNA HyperPrep Kit with RiboErase (HMR) Instructions for Use, v2.17 or later. Roche Document Number KR1351.
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Oligo Hybridization and rRNA Depletion

rRNA depletion entails the hybridization of DNA probes to cytoplasmic (5S, 5.8S, 18S, and 28S) and mitochondrial (12S and 

16S) rRNA transcripts.

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

Component Volume

Total RNA (≥ 100 ng) in water 10 µL

Hybridization Buffer* 4 µL

Hybridization Oligos (HMR)* 4 µL

RNase-free water 2 µL

Total volume 20 µL

*The buffer, water and oligos should be premixed and added in a single pipetting step. This mixture should be prepared and kept 
at room temperature before use.

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 ∞

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

*The buffer and enzyme should be premixed and added in a single pipetting step. This mixture should be prepared and kept 

at room temperature before use.

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

5. Proceed immediately to rRNA Depletion Cleanup.
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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

2. Thoroughly resuspend the beads 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.

DNase Digestion

To remove the hybridization oligonucleotides from the ribosomal-depleted RNA, the sample is incubated with DNase. 

1. Assemble DNase digestion reactions as follows:

Component Volume

Beads with rRNA-depleted RNA -

DNase Buffer* 2.2 µL

DNase* 2 µL

RNase-free water* 17.8 µL

Total volume 22 µL

*The water, buffer and enzyme should be premixed and added in a single pipetting step. This mixture should be prepared and 
kept at room temperature before 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.
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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

2. Thoroughly resuspend the beads 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.

Quality Control 3 (Recommended)

 Performing quality control to determine rRNA depletion is recommended at this stage.

 Refer to Table 1 and Appendix C.

 Recommended QC assay: 

 qRT-PCR using the KAPA SYBR FAST One-Step qRT-PCR Kit3

                                                            

3 KAPA SYBR FAST One-Step qRT-PCR Kit Instructions for Use, v2.17 or later. Roche Document Number KR0393
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A quality control assessment can be used to confirm successful rRNA depletion of the RNA sample, using qRT-

PCR. The qRT-PCR data is predictive of % reads wasted on undesired RNA transcripts, prior to sequencing

(Appendix C). 

An aliquot of RNA is retained following rRNA depletion and prior to fragmentation in the workflow (Figure 1). 

qRT-PCR is performed using primers against an rRNA transcript and a housekeeping control gene. Calculation 

of the delta Cq (ΔCq) value between the depleted sample and a control input sample reflects the success of 

rRNA depletion. See Appendix C for primer sequences and a detailed protocol to assess rRNA depletion 

efficiency.

RNA Elution, Fragmentation and Priming

RNA depleted of rRNA 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:

Step Temperature Duration
Desired mean 

insert size (bp)

Fragmentation 65°C 1 min 100 - 200

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

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

*The buffer and enzyme should be premixed and added 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.
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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

*The buffer and enzyme should be premixed and added 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.

Adapter Ligation

1. Dilute adapters to 750 nM concentration in preparation for ligation.

2. On ice, add 5 µL of diluted adapter stock to each sample.  Set up the adapter ligation reaction as follows and only 
add 45 µL of the adapter ligation master mix*  to the 2nd strand synthesis product:

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 adapter ligation master mix to the 2nd strand synthesis product.
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3. Keeping the plate/tube(s) on ice, mix thoroughly by pipetting the reaction up and down several times.

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

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

1st Post-ligation Cleanup

1. In the same plate/tubes(s), perform a 0.8X bead-based cleanup by combining the following:

Component Volume

Adapter ligated DNA 110 µL

KAPA Pure Beads 88 µL

Total volume 198 µL

2. Thoroughly resuspend the beads 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 180 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 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 0.9X bead-based cleanup by combining the following:

Component Volume

Beads with purified adapter-ligated DNA 50 µL

PEG/NaCl Solution 45 µL

Total volume 95 µL

2. Thoroughly resuspend the beads 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. 
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5. Carefully remove and discard 90 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.

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

*The ReadyMix and Primer Mix should be premixed and added 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

17*Annealing 60°C 30 sec

Extension 72°C 30 sec

Final extension 72°C 1 min 1

HOLD 4°C ∞ 1

*May require optimization depending on input amount.

4. Proceed immediately 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

2. Thoroughly resuspend the beads 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 4 (Strongly recommended)

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

 Refer to Section 8: Evaluating the Success of Library Construction and Table 1.

 Recommended QC assay: 

 Electrophoretic analysis to determine final library size distribution

Quality Control 5 (Strongly recommended)

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

 Refer to Section 8: Evaluating the Success of Library Construction and Table 1.

 Recommended QC assay: 

 qPCR, such as KAPA Library Quantification Kit4

                                                            

4 KAPA Library Quantification Kit Illumina Platforms Instructions for Use, v9.17 or later. Roche Document Number KR0405.
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8. EVALUATING THE SUCCESS OF LIBRARY CONSTRUCTION

The following two QC steps are strongly recommended to confirm successful library preparation. 

a) Library Insert Size Distribution

The size distribution of final, amplified adapter-ligated library fragments should be confirmed with an 

electrophoretic method. A LabChip GX, GXII or GX Touch (PerkinElmer) instrument, Bioanalyzer or TapeStation 

instrument (Agilent Technologies), Fragment Analyzer (Advanced Analytical) instrument or similar instrument is 

recommended over conventional gels.

b) Library Quantification

KAPA Library Quantification Kits are recommended for the absolute, qPCR-based quantification of adapter-

ligated library fragments, flanked by the P5 and P7 Illumina flow cell oligo sequences. For a detailed protocol, 

please refer to the KAPA Library Quantification Kit for Illumina platforms Instructions for Use (KR0405 v9.17 or 

later).
4

Standard methods used for NGS library quantification, namely fluorometry (as employed in 

Qubit/PicoGreen assays), spectrophotometry (on which the Nanodrop instrument is based) and electrophoretic 

methods (e.g. those performed using an Agilent Bioanalyzer or TapeStation instrument) are less accurate as 

they measure total nucleic acid concentrations. In contrast, qPCR is inherently well-suited for NGS library 

quantification, as it measures only those library fragments that can serve as templates during cluster 

generation. 

A KAPA Library Quantification Data Analysis template, designed for the analysis of NGS library quantification 

data generated with the KAPA Library Quantification Kit for Illumina platforms, is available from local Roche 

regional sales/support teams. 
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APPENDIX A: MODIFYING ADAPTER CONCENTRATION AND POST-LIGATION CLEANUPS

When input quantity is limiting and/or sample quality is very low, adapter concentration and post-ligation 

cleanup ratios may be modified to improve performance. To evaluate the impact of modifying these steps on 

library quality, titrations of adapter concentration and post-ligation bead cleanup ratios were performed using a 

highly degraded FFPE input (RIN 2.5; DV200 = 29%). Post-ligation yield improved with increased adapter 

concentration and less stringent post-ligation cleanups (Figure 4A); however, this was accompanied by 

increased adapter-dimer formation (Figure 4B). For this sample, decreasing the adapter concentration to      

750 nM (from the recommended concentration of 1.5 µM in the validated protocol) and increasing post-ligation 

cleanup ratios to 0.8X and 0.9X (from the standard 0.63X and 0.7X ratios) reduced adapter-dimer formation 

without significantly lowering library yield in comparison to the standard library preparation conditions (Figure 

4C). Although this condition was identified as optimal for this sample, ideal conditions are likely to differ across 

input amounts and qualities. If workflow optimization is necessary, it is recommended to optimize around the 

anticipated range of input amounts and qualities for the application. In some cases, adapter-dimers may persist 

even after workflow optimization. In this case, a second 1X bead cleanup can be performed after amplification 

to remove small unligated adapter products.

Figure 4: Titration of adapter concentration and post-ligation cleanup ratios. Titrations were performed with 50 ng poor-quality 

input RNA (RIN 2.5; DV200 = 29%). (A) Post-ligation yields were measured by qPCR and (B) adapter-dimer rates were calculated based on 
electrophoretic assessment of final libraries. Each bar represents the mean of two replicate libraries prepared with the KAPA RNA 

HyperPrep Kit with RiboErase (HMR). (C) Electrophoretic traces show that decreasing adapter concentration to 750 nM and increasing 
post-ligation cleanup ratios to 0.8X and 0.9X lowers adapter-dimer rates without affecting final library yield. Standard conditions are 1.5 μM 
adapter concentration and 0.63X and 0.7X post-ligation cleanup ratios.
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APPENDIX B: CALCULATE DV200 VALUE USING AGILENT EXPERT SOFTWARE

Appendix B describes how to estimate the DV200 value of a sample in the Agilent Expert software: 

1. Under the Global tab, change Normal to Advanced. 

2. Select the box for Smear Analysis. 

3. Double click on Table, add a region, and enter 200 – 10,000 nt in the popup window (An error message about 
choosing the appropriate upper limit may appear—modify the upper limit accordingly).

4. The results are displayed in the Region Table tab in the trace window as % of Total for the selected region (5).
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APPENDIX C: CONFIRM SUCCESSFUL rRNA DEPLETION USING qRT-PCR

Appendix C describes how to assess the efficiency of rRNA depletion using a one-step qRT-PCR assay. The 

assay described will help to determine the relative level of depletion obtained from samples using primer 

sequences that target 28S ribosomal RNA (28S) and an appropriate housekeeping gene. These primers can be 

used to determine the relative transcript abundance in RNA samples depleted using the KAPA RNA HyperPrep 

Kit with RiboErase (HMR). 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.

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.

 The primer sequences were designed to target the human 28S locus, but they may also be used to assess 

depletion efficiency in mouse and rat RNA samples. 

 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. Primer pair* targeting a housekeeping gene, such as GAPDH (Table 2)

3. Primer pair* targeting human 28S locus (Table 2)

Table 2: qRT-PCR primer sequences

qRT-PCR Assay Name Primer Sequence (5’- 3’) Product Length

GAPDH Forward 5'- ACCATCTTCCAGGAGCGAGA- 3’
Reverse 5'- ATGGTGGTGAAGACGCCAGT- 3’

92

28S Forward 5'- TACCGGCACGAGACCGATAG– 3’
Reverse 5'- TTAACGGTTTCACGCCCTCTT– 3’

91

*Standard desalted primers are sufficient for this assay.
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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 (HMR) 

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 rRNA Depletion.

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

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

 Proceed to RNA Elution, Fragmentation and Priming as set out in the Table below.

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

Component Volume Final Concentration

PCR-grade 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

*LC480 kits (No ROX), ABI Prism kits (ROX High), ROX Low kits (ROX Low), Bio-Rad iCycler kits (fluorescein). 

2.5. Transfer the appropriate volumes of qPCR master mix, 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.

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
35

Annealing/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 GAPDH primer set will be similar between the process control (no RNase H) and 
depleted RNA sample. This indicates conservation of GAPDH transcript level after rRNA depletion.

b) The Cq value using the 28S primer set for the rRNA depleted sample should be higher than the process control 
(no RNase H). This indicates a lower concentration of 28S 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 28S rRNA.

See the following example plot:
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Figure 5: Comparison of average Cq values for GAPDH and 28S assays in rRNA depleted samples against a process control 

(no RNase H).

This assay enables users to determine the relative efficiency of rRNA depletion obtained from RNA samples 
processed using the KAPA RNA HyperPrep Kit with RiboErase (HMR). While general recommendations are 
provided, it is critical that the minimum criteria indicating successful depletion be determined empirically. A 
database of Cq values/delta Cq values (determined with the KAPA SYBR Fast One-Step qRT-PCR Kit or any 
other one-step qRT-PCR method being used), as well as residual rRNA sequencing reads for different sample 
types and inputs should be established and maintained. This data will enable you to define the correlation 
between absolute Cq and/or delta Cq values, and residual rRNA species for your specific sample types, 
instrumentation, and workflow. This will also be invaluable for process optimization, quality control, and 
troubleshooting. Users may find discrepancies between residual rRNA rates tabulated by qRT-PCR versus 
sequencing results. Reasons for such discrepancies include:

1. The theoretical average fold depletion can vary significantly for each KAPA RiboErase (HMR) 
experiment based on starting quantity of ribosomal RNA transcripts in a sample.

2. Primer sequences targeting GAPDH, and 28S were designed using different criteria than the rRNA 
Hybridization Oligos, so their reported qPCR values should not be interpreted as a literal estimate of 
the expected depletion. Rather, the purpose of this assay is to screen for potentially poor depletion 
results so that unproductive sequencing may be avoided.

3. Whilst the QC sample may be stored at -15°C to -25°C for ≤24 hrs until the qRT-PCR assay is 
performed, it is critical that dilutions are made immediately prior to setting up the assays. Calculated 
Cq values may be highly variable and/or inaccurate if dilute depleted RNA samples are stored at room 
temperature, 2°C to 8°C, or -15°C to -25°C for long periods of time prior to setting up qRT-PCR
reactions. Furthermore, the KAPA RT Mix is temperature sensitive, and should be stored at -15°C to -
25°C and kept on ice during use.

4. Low primer quality may result in loss in sensitivity due to non-specific amplification. This effect 
becomes more prominent at low target concentrations. The dissociation/melt curve will enable the 
detection of non-specific species. Always source the highest quality primer oligos from a reliable 
supplier, dilute and store primers in a buffered solution with the requisite ionic strength, and avoid 
excessive freezing and thawing of primer stock solutions.
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5. In some cases, inhibitors may be present in a blood-derived total RNA sample that could limit the 

efficiency of the rRNA depletion. If the presence of inhibitors is unknown or suspected, an optional, 

up-front 3X bead purification (using KAPA Pure Beads) may be used. Please note that some loss of 

material (up to 10%) is inevitable when using this method to concentrate RNA. Elute purified RNA in 

RNase-free water.

6.

http://www.technical-support.roche.com/
http://www.technical-support.roche.com/
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