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SHORT ABSTRACT:  
We describe a targeted RNA sequencing-based method that includes preparation of indexed 

cDNA libraries, hybridization and capture with custom probes and data analysis to interrogate 

selected transcripts for gene expression, mutations, and gene fusions. Targeted RNAseq permits 

cost-effective, rapid evaluation of selected transcripts on a desktop sequencer. 

 

LONG ABSTRACT:  
RNA sequencing (RNASeq) is a versatile method that can be utilized to detect and characterize 

gene expression, mutations, gene fusions, and noncoding RNAs. Standard RNAseq requires 30-

100 million sequencing reads and can include multiple RNA products such as mRNA and 

noncoding RNAs. We demonstrate how targeted RNAseq (capture) permits a focused study on 

selected RNA products using a desktop sequencer. RNAseq capture can characterize 

unannotated, low, or transiently expressed transcripts that may otherwise be missed using 

traditional RNAseq methods. Here we describe the extraction of RNA from cell lines, ribosomal 

RNA depletion, cDNA synthesis, preparation of barcoded libraries, hybridization and capture of 

targeted transcripts and multiplex sequencing on a desktop sequencer.  We also outline the 

computational analysis pipeline, which includes quality control assessment, alignment, fusion 

detection, gene expression quantification and identification of single nucleotide variants. This 

assay allows for targeted transcript sequencing to characterize gene expression, gene fusions, and 

mutations.  

 

INTRODUCTION:  

Whole transcriptome or RNA sequencing (RNAseq) is an unbiased sequencing method to assess 

all RNA products. The goal of targeted RNAseq (Capture) is a focused evaluation of selected 

transcripts with increased sensitivity, dynamic range, reduced cost or scale, and increased 

throughput compared to standard RNAseq. Similar to standard RNAseq, targeted enrichment 

approaches can be used to evaluate gene expression, multiple RNA species such as mRNA, 

microRNA (miRNA), lncRNA1, other noncoding RNAs2, gene fusions3, and mutations4-6. 

 

Capture involves hybridization of complementary oligonucleotides to enrich cDNA libraries for 

sequencing. The rationale for RNAseq Capture is similar to microarray approaches where 

complementary oligonucleotides or probes are hybridized to samples and then measured for 

relative abundance. For microarray technologies, expression is based on relative signal measured 

for transcripts binding to these probes. Microarrays are thus limited by range, potential 

background noise from non-specific binding, and cross-hybridization of probes. Furthermore, 

arrays have limited dynamic range for low and highly expressed transcripts compared to 

RNAseq1. Microarrays are widely utilized due to their reduced cost and high throughput capacity 

compared to RNAseq.  

 

mailto:sameek.roychowdhury@osumc.edu


Here, we demonstrate a method for RNAseq Capture that offers a middle ground between 

RNAseq and microarray approaches for evaluating the transcriptome. RNAseq Capture has 

intermediate throughput, greater dynamic range and sensitivity, and is scaled for fast turnaround 

on desktop sequencers. RNAseq Capture also requires reduced computational resources in terms 

of storage space and data processing. 

 

PROTOCOL:  

Note: This protocol describes the simultaneous processing and analysis of four samples. This 

method is compatible with RNA isolated from cells, fresh frozen tissue and formalin-fixed 

paraffin-embedded tissue (FFPE). This protocol begins with 50-1000ng (250ng recommended) 

of starting RNA input for each sample. 

 

1. rRNA Depletion and Fragmentation of RNA Procedure 

1.1. rRNA Depletion 

1.1.1. Remove elute, prime, fragment mix, rRNA removal mix, rRNA binding buffer and 

resuspension buffer from -20°C and thaw at room temperature. Remove elution buffer, rRNA 

removal beads and RNA/cDNA specific paramagnetic beads from 4°C and bring to room 

temperature. 

 

1.1.2. Add 0.25µg of RNA to PCR tube. Dilute the total RNA with nuclease-free ultra-pure 

water to a total final volume of 10µL. Add 5µL of rRNA binding buffer to each tube then add 

5µL of rRNA removal mix and gently pipette up and down to mix. Place tubes in thermal cycler 

with lid pre-heated to 100°C and program thermal cycler to 68 °C for 5 minutes to denature the 

RNA. 

 

1.1.3. After RNA denaturation, remove tubes from thermal cycler and incubate at room 

temperature for 1 minute. Vortex rRNA removal bead tube vigorously to resuspend the beads. 

Add 35µL of rRNA removal beads to new tubes and transfer the RNA denaturation reaction 

(20µl) to tubes containing rRNA removal beads. 

 

1.1.4. Adjust pipette to 45µL and pipette quickly up and down 20X to mix. Incubate tubes at 

room temperature for 1 minute. Then place tubes in magnetic stand at room temperature for 1 

minute. Transfer supernatant to newly labeled PCR tubes and place these tubes again in magnetic 

stand at room temperature for 1 minute. This ensures that no beads are transferred. Transfer 

supernatant to newly labeled PCR tubes. 

 

1.1.5. Vortex RNA/cDNA specific paramagnetic beads and add 99µL of beads to each tube. 

Gently pipette entire volume up and down 10X to mix. If starting with degraded-RNA, add 

193µL of well-mixed RNA/cDNA specific paramagnetic beads to each tube. Incubate at room 

temperature for 15 minutes. Then place tubes on the magnetic stand at room temperature for 5 

minutes. Remove and discard the supernatants.  

 

1.1.6. Add 200µL of freshly prepared 70% Ethanol (EtOH). Keep tubes on magnetic stand and 

take care to not disturb the beads. Incubate at room temperature for 30 seconds, then remove and 

discard supernatant. Allow tubes to stand at room temperature for 5-10 minutes to dry.  

 



1.1.7. Centrifuge thawed room temperature elution buffer at 600 × g for 5 seconds. Add 11µL 

of elution buffer to each tube and gently pipette up and down 10X to mix. Incubate tubes at room 

temperature for 2 minutes. Place tubes on magnetic stand at room temperature for 5 minutes.  

Transfer 8.5µL of the supernatant to newly labeled PCR tubes. 

 

1.2. Fragmentation of rRNA depleted RNA 

1.2.1. Add 8.5µL elute, 8.5µL prime, and 8.5µL fragment mix to each tube. Fently pipette up 

and down 10X to mix. Place tubes in thermal cycler with following program: pre-heated lid to 

100°C, 94°C for 8 minutes, then 4°C hold.  

 

NOTE: This step is designed to generate an average insert size of 155bp.  If average fragment 

size of RNA sample is lower than 200bp, skip this step and proceed to First Strand cDNA 

Synthesis. 

 

2. cDNA Synthesis 

2.1. Synthesize First Strand cDNA 

2.1.1. Remove first strand synthesis mix from -20°C and thaw at room temperature. 

 

2.1.2. Pre-program the thermal cycler with the following settings: pre-heat lid option and set to 

100°C, then 25°C for 10 minutes, 42°C for 15 minutes, 70°C for 15 minutes and hold at 4°C. 

Save this program as “Synthesize 1st Strand.” 

 

2.1.3. Centrifuge thawed-first strand synthesis mix tube at 600 × g  for 5 seconds. Mix 1µL 

reverse transcriptase with 9µL of first strand synthesis mix. 

 

2.1.4. Add 8µL of first strand synthesis and reverse transcriptase mix to each tube, gently 

pipette up and down 6X to mix. Centrifuge tubes for 4 seconds using a fixed speed mini tabletop 

centrifuge at 6.0 x g to bring liquid to bottom. Place tubes in the thermal cycler and select 

Synthesize 1st Strand. When the thermal cycler reaches 4°C, remove tubes and proceed 

immediately to Synthesize Second Strand cDNA. 

 

2.2. Synthesize Second Strand cDNA 

2.2.1. Pre-heat thermal cycler to 16°C with lid pre-heated to 30°C.  Thaw second strand master 

mix and re-suspension buffer on ice.  In advance, remove the bottle of paramagnetic beads from 

4°C and let stand for at least 30 minutes to bring them to room temperature. 

 

2.2.2. Add 5µL of resuspension buffer to each PCR tube. Centrifuge second strand master mix 

at 600 × g for 5 seconds and add 20µL to each PCR tube. Place tubes in pre-heated thermal 

cycler at 16°C for 1 hour. When incubation is completed, remove from thermal cycler and allow 

tubes to come to room temperature. 

 

2.2.3. Vortex the paramagnetic beads until they are well dispersed. Add 90µL of well-mixed 

paramagnetic beads to each tube. Gently pipette the entire volume up and down 10X to mix. 

Incubate tubes at room temperature for 15 minutes. Place tubes on the magnetic stand at room 

temperature for 5 minutes. 

 



2.2.4. Remove and discard 135µL of supernatant then leave tubes on the magnetic stand to 

perform EtOH wash. Add 200µL freshly prepared 80% EtOH to each tube without disturbing the 

beads, then incubate at room temperature for 30 seconds. Remove and discard all of the 

supernatant from each. Repeat for a total of two 80% EtOH washes. 

 

2.2.5. Let tubes stand at room temperature for 5-10 minutes to dry on the magnetic stand. 

Centrifuge the thawed room temperature resuspension buffer at 600 × g for 5 seconds. Remove 

PCR tubes from magnetic stand. Add 17.5µL resuspension buffer to each PCR tube and gently 

pipette the entire volume up and down 10X to mix thoroughly. Incubate tubes for 2 minutes at 

room temperature. 

 

2.2.6. Place tubes on the magnetic stand at room temperature for 5 minutes, then transfer 15µL 

supernatant (double stranded cDNA) to 0.2ml PCR strip tubes. NOTE: This is a safe stopping 

point as cDNA can be stored at -20°C for up to 7 days. 

 

3. Library Preparation 

3.1. Adenylate 3’ Ends  

3.1.1. Remove A-tailing mix from -20°C and thaw at room temperature. Pre-program the 

thermal cycler with the following settings: choose the pre-heat lid option and set to 100°C, then 

set at 37°C for 30 minutes, 70°C for 5 minutes and hold at 4°C. Save this program as 

“ATAIL70.” 

 

3.1.2. Add 2.5µL of resuspension buffer to each tube. Then add 12.5µL of thawed A-tailing 

mix. Gently pipette the entire volume up and down 10X to mix thoroughly. Place the tubes in the 

thermal cycler and select ATAIL70. When the thermal cycler temperature is at 4°C, remove the 

PCR tubes from the thermal cycler and proceed immediately to ligate adapters. 

 

3.2. Ligate Adapters 

3.2.1. Remove appropriate RNA adapter tubes, stop ligation buffer and resuspension buffer 

from -20°C and thaw at room temperature.  Do not remove the ligation mix tube from -20°C 

until instructed to do so in the protocol. Remove the bottle of paramagnetic beads from 4°C and 

let stand for at least 30 minutes to bring to room temperature. 

 

3.2.2. Pre-heat the thermal cycler to 30°C and choose the pre-heat lid option and set to 100°C. 

Centrifuge the thawed RNA adapter tubes at 600 × g for 5 seconds. Immediately before use, 

remove the ligation mix tube from -20°C storage. 

 

3.2.3. Add 2.5µL of resuspension buffer to each sample tube. Add 2.5µL of ligation mix. 

Return the ligation mix tube to -20°C storage immediately after use. Add 2.5µL of the thawed 

RNA adapter index to each sample tube. Gently pipette the entire volume up and down 10X to 

mix thoroughly.  

 

3.2.4. Centrifuge tubes for 4 seconds using a fixed speed mini tabletop centrifuge at 6.0 x g. 

Place tubes in the pre-heated thermal cycler. Close the lid and incubate at 30°C for 10 minutes. 

 



3.2.5. Remove tubes from thermal cycler and add 5µL of stop ligation buffer to each tube to 

inactivate the ligation. Gently pipette the entire volume up and down 10X to mix thoroughly.  

 

3.2.6. Repeat wash as described in 2.2.3-2.2.4, using 42µL of mixed paramagnetic beads, and 

discarding 79.5µL supernatant. With the tubes on the magnetic stand, let the samples air-dry at 

room temperature for 5-10 minutes. 

 

3.2.7. Remove the PCR strip tubes from the magnetic stand and add 52.5µL resuspension buffer 

to each tube. Gently pipette the entire volume up and down 10X to mix thoroughly. Incubate the 

tubes at room temperature for 2 minutes. Place the tubes on the magnetic stand at room 

temperature for 5 minutes or until the liquid is clear. Transfer 50µL of supernatant from each 

tube to new 0.2 ml PCR strip tubes. Take care not to disturb the beads. 

 

3.2.8. Repeat wash as described in 2.2.3-2.2.4, using 50µL of mixed paramagnetic beads, and 

discarding 95µL supernatant. With the tubes on the magnetic stand, let the samples air-dry at 

room temperature for 5-10 minutes. 

 

3.2.9. Remove the PCR strip tubes from the magnetic stand and add 22.5µL resuspension buffer 

to each tube. Gently pipette the entire volume up and down 10X to mix thoroughly. 

 

3.2.10. Incubate the tubes at room temperature for 2 minutes. Place the tubes on the magnetic 

stand at room temperature for 5 minutes or until the liquid is clear. Transfer 20µL supernatant 

from each tube to a new 0.2ml PCR strip tube. Take care not to disturb the beads. This is a safe 

stopping point and cDNA can be stored at -20°C for up to 7 days. 

 

4. Library Amplification 

4.1. Enrich DNA Fragments 

4.1.1. Remove the PCR master mix, PCR primer cocktail and resuspension buffer from -20°C 

storage and thaw at room temperature. Remove the bottle of paramagnetic beads from 4°C 

storage and let stand for at least 30 minutes to bring to room temperature. 

 

4.1.2. Pre-program the thermal cycler with the following settings: choose the pre-heat lid option 

and set to 100°C, then set initial denaturation at 98°C for 30 seconds, 15 cycles of denaturation at 

98°C for 10 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 30 seconds, 

one final extension cycle at 72°C for 5 minutes and hold at 4°C. Save this program as “PCR.” 

 

4.1.3. Centrifuge the thawed PCR master mix and PCR primers tubes at 600 × g for 5 seconds.  

Add 5µL of thawed PCR primers to each sample tube. Add 25µL of thawed PCR master mix to 

each sample tube. Gently pipette the entire volume up and down 10X to mix thoroughly. 

 

4.1.4. Place the capped PCR strip tubes in the pre-programmed thermal cycler. Close the lid and 

run PCR program. When PCR is completed, remove tubes from thermal cycler and keep on ice. 

 

4.1.5. Repeat wash as described in 2.2.3-2.2.4, using 50µL of mixed paramagnetic beads, and 

discarding 95µL supernatant. With the tubes on the magnetic stand, let the samples air-dry at 

room temperature for 5-10 minutes. 



 

4.1.6. Remove tubes from the magnetic stand and add 32.5µL resuspension buffer to each 

sample tube. Gently pipette the entire volume up and down 10X to mix thoroughly. Incubate at 

room temperature for 2 minutes. Place the PCR tubes on the magnetic stand at room temperature 

for 5 minutes or until the liquid is clear. Then transfer 30µL supernatant to fresh 0.2ml PCR 

tubes. 

 

4.1.7. Perform quantification of cDNA using a fluorometer7 and determine cDNA quality using  

a capillary electrophoresis system8.  NOTE: This is a safe stopping point and cDNA can be 

stored at -20°C for up to 7 days. Note: This library is considered a RNAseq library. 

Subsequent steps lead to a Capture library.  

 

5. Hybridization, Capture and Sequencing  

5.1. Multiplexed Hybridization  

5.1.1. Remove custom hydrated probes, Cot-1 DNA, universal blocking oligos, and adapter 

specific blocking oligos from -20°C and thaw on ice.  

 

5.1.2. In a low bind 1.5 mL tube, combine 500ng DNA (125ng per sample when multiplexing 4 

samples), 5µL Cot-1 DNA (1µg/µL), 1ul universal blocking oligos, 0.5µL p7 (6 nucleotide) 

adapter specific blocking oligos (this amount may need to be adjusted depending on multiplex 

conditions) and 0.5µL p7 (8 nucleotide) adapter specific blocking oligos (this amount may need 

to be adjusted depending on multiplex conditions). 

 

5.1.3. Place the sample tube in a vacuum concentrator with cap open facing the opposite 

direction of rotation. Dry contents at 45°C for 20 minutes or until complete evaporation of the 

liquid. 

  

5.1.4. Resuspend dried content with 8.5µL 2X hybridization buffer, 3.4µL hybridization 

component A and 1.1µL nuclease free water. Allow 10 minutes for resuspension and vortex 

every 2.5 minutes. Transfer resuspended-material to a 0.2 ml PCR tube and incubate at 95°C for 

10 minutes on a thermal cycler. 

 

5.1.5. Remove hybridization sample tube from thermal cycler and add 2µL of custom probes 

resuspended at a concentration of 1.5pmol/µL.  Alternatively, add 4µL of custom probes 

resuspended at a concentration of 0.75pmol/µL. Incubate hybridization reaction overnight (16-24 

hours) at 65°C. NOTE: Probes purchased from various Vendors may be used and manufacturer’s 

instructions should be followed. The duration of the hybridization step may also vary.  

 

5.2.  Bead Preparation and Capture 

5.2.1. Remove bottle of streptavidin-coupled paramagnetic beads from 4°C and equilibrate at 

room temperature for 30 minutes. Dilute 10X Wash Buffers (I, II, III, and Stringent) and 2.5X 

Bead Wash Buffer to create 1X working solutions. 

 

5.2.2. Aliquot 140µL of 1X wash buffer I into to a fresh 1.5ml tube. Heat entire amount of 1X 

stringent buffer and aliquot of 1X wash buffer I at 65°C in a heat block for at least 2 hours. 

 



5.2.3. Aliquot 100µL of streptavidin-coupled paramagnetic beads per capture into a 1.5ml tube. 

Place on magnet and discard supernatant. Add 200µL bead wash buffer per 100µL beads and 

vortex for 10 seconds. Place on magnet for 2-5 minutes or until supernatant is clear.  Once 

supernatant is clear, discard it and repeat once more for a total of two washes. 

 

5.2.4. After removal of bead wash buffer, add equal volume bead wash buffer as initial starting 

volume (i.e. 100µL for one capture). Resuspend and transfer to a 0.2ml PCR tube. Place tube in 

magnetic rack for 2-5 minutes or until supernatant is clear. Discard supernatant. 

 

5.2.5. With both the hybridization sample and beads in the thermal cycler at 65°C, transfer the 

hybridization mix to the bead tube and pipette up and down 10X to mix. Incubate at 65°C for 45 

minutes, vortex and spin down sample for 4 seconds using a fixed speed (6.0 x g) table-top mini 

centrifuge. 

 

5.3. Bead Wash 

5.3.1. Remove capture tube from thermal cycler and add 100µL pre-heated 1X Wash Buffer I to 

the tube and vortex for 10 seconds to mix. Transfer the mixture to a fresh low bind 1.5mL tube.  

Place the tube in a magnetic separation rack and allow 2-5 minutes for separation or until 

supernatant is clear. Discard supernatant. 

 

5.3.2. Add 200µL preheated 1X stringent wash buffer and pipette up and down 10 times to mix. 

Incubate at 65°C for 5 min. Place the tube in the magnetic separation rack and allow 2-3 minutes 

for separation or until supernatant is clear. Discard supernatant. Repeat stringent wash once more 

for a total of two washes. 

 

5.3.3. Add 200µL room temperature 1X wash buffer I and vortex for 2 minutes to mix. Place 

the tube in the magnetic separation rack and allowing 2-5 minutes for separation or until 

supernatant is clear. Discard supernatant. 

 

5.3.4. Add 200µL room temperature 1X wash buffer II and vortex for 1 minute to mix. Place 

the tube in the magnetic separation rack and allowing 2-5 minutes for separation or until 

supernatant is clear. Discard supernatant. 

 

5.3.5. Add 200µL room temperature 1X wash buffer III and vortex for 30 seconds to mix. Place 

the tube in the magnetic separation rack allowing 2-5 minutes for separation or until supernatant 

is clear. Discard supernatant. 

 

5.3.6. Remove the tube from the magnetic separation rack and add 20µL nuclease-free water to 

resuspend the beads. Mix thoroughly by pipetting up and down 10 times. 

 

5.4. Post Capture PCR Amplification 

5.4.1. Remove paramagnetic beads from 4°C and equilibrate at room temperature for 30 

minutes.  

 

5.4.2. Remove the hot start PCR Ready Mix (2X) and PCR Primer Mix from -20°C and thaw at 

room temperature then place on ice. Prepare library amplification Master Mix by combining 



27.5µL of 2X hot start PCR Ready Mix with 2.75µL of PCR Primer 1 and 2.75µL of PCR 

primer 2 (these volumes are for 1 hybridization library plus 10% excess). 

 

5.4.3. Setup the reaction in PCR tube by adding 20µL of beads plus captured DNA with 30µL 

of library amplification master mix for a total volume of 50µL. Cap tube properly and vortex to 

mix. Centrifuge tubes for 4 seconds using a fixed speed mini table-top centrifuge at 6.0 x g.  

 

5.4.3.1. Set up the following PCR program: choose the pre-heat lid option and set to 

100°C, then set initial denaturation at 98°C for 45 seconds, 10-12 cycles of denaturation at 98°C 

for 15 seconds, annealing at 65°C for 30 seconds and extension at 72°C for 60 seconds, one final 

extension cycle at 72°C for 60 seconds and hold at 4°C. 

 

5.4.4. Remove sample from thermocycler and add 75µL paramagnetic beads. Mix well and 

incubate at room temperature for 15 minutes.  

 

5.4.5. Place tubes on magnet at room temperature for 2-3 minutes and then remove supernatant. 

Wash beads on magnet by adding 200µL 80% Ethanol, incubating for 30 seconds then removing 

supernatant. Repeat for a total of two 80% washes. 

 

5.4.6. Incubate at room temperature for 5-10 minutes to allow beads to dry. Do not over dry to 

cracking.  Resuspend beads in 22µL of Tris-EDTA pH 8.0 (1X TE Solution) and allow 3 

minutes for elution. Place sample on magnet for 3-5 minutes then transfer 20ul of eluted product 

to a fresh low-bind 1.5 mL tube, ensuring no beads are carried over.  

 

5.4.7. Perform quantification of captured cDNA using fluorometer7 and determine captured 

cDNA quality using a capillary electrophoresis system 8. 

 

5.5. Desktop Sequencer Loading Procedure 9  

5.5.1. Dilute captured cDNA library to a final concentration of 4nM using 10mM Tris-Cl pH 

8.5 with 0.1% Tween 20. Thaw 10N NaOH and Hybridization buffer on ice. Approximately 30 

minutes before use, thaw desktop sequencer v2 reagent kit box 1 in room temperature water.  Do 

not fill above MAX FILL LINE 10. Please note this is a sequencing platform specific procedure 

and may vary per manufacturer’s instructions. 

 

5.5.2. Prepare 1mL of 0.2N NaOH by combining 20µL 10N NaOH with 980µL nuclease free 

water in a microcentrifuge tube (always prepare fresh). Dilute the PhiX library (library control) 

to 4nM by combining 2ul of 10nM library control with 3µL 10mM Tris-Cl pH 8.5 with 0.1% 

Tween 20. 

 

5.5.3. Denature final library and library control by combining 5µL of 4nM library with 5µL of 

0.2N NaOH and vortex briefly to mix. Centrifuge tubes for 4 seconds using a fixed speed mini 

table-top centrifuge at 6.0 x g. Incubate at room temperature for 5 minutes to denature libraries. 

 

5.5.4. Add 990µL of pre-chilled hybridization buffer to the tubes containing 10µL of denatured 

libraries. This results in a 20pM library. Mark the denatured 20pM library with the date and can 

be stored for up to 3 weeks at -20°C. 



 

5.5.5. Mix 375µL of 20pM library control with 225µL of pre-chilled hybridization buffer and 

diluted library control to result in a 12.5pM library control. Invert several times to mix the 

solution. 

 

5.5.6. Combine 594µL of denatured final library with 6µL of 12.5pM denatured library control 

and vortex to mix. Set the combined sample library and library control aside on ice until samples 

are ready to load into the desktop sequencer reagent cartridge.  
 
6. Data Analysis  

6.1. Sequence Quality Assessment 
6.1.1. Calculate the quality of the raw sequence data (fastq files) using sequence quality 

assessment11. NOTE: This step helps to assess the data before it is further subjected to 

downstream analysis. The software runs with in-built parameters and produces a set of metrics 

for each fastq file.  

 

6.2. Alignment 

6.2.1. Align sequence reads (fastq files) to the reference human genome hg19 and transcriptome 

using Tophat2 12 (version 2.0.10) while providing known transcripts as a GTF file. The output is 

in the form of a binary alignment format called the BAM file. 

 

6.2.2. Perform post processing steps including sorting and indexing using Samtools13 (version 

0.1.19) on the BAM file. Perform duplicate marking, reordering SAM, insert size calculation and 

adding or replacing read groups using Picard tools14 (version 1.84). 

 

 

6.3. RNAseq Quality Assessment 

6.3.1. Compute a series of quality control metrics for RNAseq data using RNAseq quality 

assessment. The input to this software is a BAM file 15 from the Tophat2 alignment. The output 

is a HTML file that lists total read count, duplicates, mapped read percentage and rRNA 

percentage etc, among others.  

 

 

6.4. Variant Calling 

Use STAR (version 2.4.0)16 for alignment and then call single nucleotide variants using GATK's 

(Version 3.3-0) HaplotypeCaller17.Follow GATK BAM post-processing steps and filtering 

criteria to flag and remove false positives from the output.  

 

6.5. Gene expression 

6.5.1. Calculate gene expression using Cufflinks software (version 2.1.1) from Tuxedo suite18. 

NOTE: The input is a BAM file from Tophat2 alignment tool. The output is produced at the 

isoform, gene and transcript level, where expression is calculated as FPKM (Fragments per 

Kilobase per Million Mapped Reads). 

 

6.6. Fusion calling 

6.6.1. Call fusions from each sample using ChimeraScan19 (version  0.4.5), Tophat Fusion20 

custom and TRUP21. Annotate the fusions for domains using Oncofuse22 (version 1.0.9b2). 



REPRESENTATIVE RESULTS:  

A schematic highlighting key steps in RNAseq Capture is shown in Figure 1.  Four cancer cell 

lines with known mutations were used to demonstrate the effectiveness of the RNAseq Capture 

technique (K562 with ABL1 fusion, LC2 with RET fusion, EOL1 with PDGFRalpha fusion  and 

RT-4 with FGFR3 fusion).  The four samples were pooled together and sequenced with 2x100bp 

reads on a desktop sequencer, which generates FASTQ files. FASTQ files were run through an 

RNAseq analysis pipeline, which includes five main components: 1) quality control assessment, 

2) alignment to human transcriptome, 3) gene expression quantification, 4) fusion calling, and 5) 

variant calling. The alignment file (BAM) is used to call single nucleotide variants and calculate 

gene expression. Fusions are called using fusion callers, such as TopHat Fusion (performing 

their own alignment) and the output is annotated using fusion detection software.   

 

Comparison of gene expression from RNAseq and capture demonstrates enrichment of targeted 

transcripts by 10 to 1,000-fold using the capture method (Fig. 2A).  Additionally, Fig. 2B shows 

an increase in the percent of reads mapping to the targeted transcript regions using capture 

compared to RNAseq.  Assessment of quality control measures is represented in Fig. 3.  Capture 

and RNAseq perform equally in terms of alignment to the transcriptome (3A, 94% vs. 93%) and 

mean insert size (3B, 174bp vs. 162bp).  Using the capture method, a higher percentage of 

exonic regions are sequenced (3C, 77% vs. 60%), and conversely a lower percentage of intronic 

regions are sequenced (3D, 4% vs. 20%).  Total read counts per sample are depicted in 3E, and 

as expected, RNAseq generated over 50-fold more reads than capture.  Finally, the percentage of 

rRNA sequences present in each sample was lower using the capture method when compared to 

RNAseq (3F, 4% vs. 15%).   

 

Fusion detection output shown in Table 1 is generated with normalized fusion supporting reads. 

Capture RNAseq was successful in detecting fusions for all four cell lines. Comparison of single 

nucleotide variants called in overlapping regions of capture and RNAseq is displayed in Figure 

4. This demonstrates a high concordance of variants between Capture and RNAseq within the 

target region. 

 

FIGURES and TABLES LEGENDS: 

Figure 1. Schematic of RNAseq Capture steps. In this experimental demonstration, RNA is 

first depleted of ribosomal RNA, followed by chemical fragmentation and synthesis of 

complementary DNA (cDNA) using reverse transcriptase. Next, the cDNA is polyadenylated 

and ligated on both ends to platform-specific adaptors to generate a library. Only cDNA libraries 

with proper adaptors are then amplified by PCR. Libraries are then hybridized to custom 

oligonucleotide probes and captured using magnetic beads. This small amount of captured 

library must be amplified a second time to have enough for next generation sequencing. Multiple 

libraries can then be sequenced in parallel. Sequencing data is analyzed for RNA events of 

interest such as gene fusions, expression or mutations. 

 

Figure 2. Comparison of targeted genes in Capture versus RNAseq. 
A, Gene expression comparison between Capture and RNAseq in four cancer cell lines  

K562, LC2, EOL1 and RT-4 measured by reads per kilobase per million mapped reads 

(FPKM)(Log scale). Targeted genes of interest are enriched (blue) compared to non-targeted 



genes (grey). B, Percentage of reads mapping to targeted region is increased in Capture versus 

RNA seq libraries in four cancer cell lines. 

 

Figure 3. Sequencing metrics of Capture versus RNAseq in four representative cancer cell 

lines.  
A, Percentage of reads mapping to the transcriptome, B, Mean insert size of libraries. C, 

Percentage of reads in exonic regions. D, Percentage of reads in intronic regions. E, Total 

sequencing reads. F, Percentage of reads mapping to ribosomal RNA. 

 

Table 1. Fusion Detection for Capture versus RNAseq of K562, LC2, EOL1 and RT-4. 

This Table displays four cancer cell lines and three different fusion detection algorithms, 

TopHat2, Chimerascan, and TRUP utilized in this demonstration. This Table demonstrates the 

ability to detect fusions with Capture using less than 10 million total reads compared to greater 

than 60 million reads utilized for RNAseq. Fusion supporting reads were calculated by dividing 

fusion supporting reads by kinase reads, multiplied by one million.  

 

Figure 4. SNV calling for Capture versus RNAseq.  
These Venn diagrams show the number of Single Nucleotide Variants (SNVs) that were detected 

by Capture and RNAseq for each of four cell lines (K562, LC2, EOL1 and RT-4). This illustrates 

high concordance of SNVs between Capture and RNAseq within targeted-region: K562 (81.3%), 

LC2 (78.3%), EOL1 (89.5%) and RT-4 (73.9%).  

 

DISCUSSION:  

RNAseq Capture is an intermediate strategy between RNAseq and microarray approaches for 

evaluating a selected part of the transcriptome. The advantages of Capture include reduced cost, 

rapid turnaround time on a desktop sequencer, high throughput, and detection of genomic 

alterations. The method can be adapted to characterize non-coding RNAs23, detect single 

nucleotide variants4-6, examine RNA splicing, and to identify gene fusions or structural 

rearrangements24. Further, this approach can be applied to clinical or processed samples that 

have undergone fixation with formalin and embedded in paraffin blocks24,25. 

 

There are several significant benefits of RNAseq capture as compared to microarray, real-time 

quantitative PCR, Sanger sequencing and DNA sequencing. Microarray is limited by high 

background due to cross-hybridization and non-specific binding of probes. Quantification of 

genes with low expression is restricted due to background noise, while highly expressed gene 

measurements are affected by signal saturation1. Compared to RNAseq capture, real-time PCR 

proves difficult to reproduce.  Additionally, RNAseq allows for detection of novel transcripts, 

requires less starting input material and can detect alternative splicing26. In contrast to Sanger 

sequencing, RNAseq allows for higher throughput and analysis of low expressed miRNA. 

Sanger sequencing has proved to be a valuable tool for verification of fusions with known exon-

exon junctions and somatic DNA mutations, however identification of novel fusions is hindered 

by requirements of a priori candidate breakpoint. DNA sequencing is not cost efficient, requires 

larger storage space for data, and is incapable of detection of post-transcriptional modifications. 

 

There are several critical steps involved in RNAseq Capture. First, to improve yield of library 

products from the RNA/cDNA specific paramagnetic beads and paramagnetic beads during 



washes, be cautious not to over dry the beads, which will lead to loss of yield. Also, do not 

under-dry the beads, ensure all ethanol is removed from the sample tubes, as ethanol can reduce 

cDNA yield. Second, the hybridization of cDNA libraries with complementary probes is 

dependent on consistent temperature, we recommend warming Wash Buffer I and Stringent 

Buffer to 65 °C for at least two hours in advance. Further, after hybridization it is essential to 

maintain 65 °C during the binding and wash steps.The probes used here were designed for the 

exons of genes of interest for drug development including kinases, genes involved in common 

rearrangements such as transcription factors, and house keeping genes. Moreover, gene content 

is customizable and capture panel sizes can vary. Further, as new information on genomic 

regions arises, additional probes can be designed and added to the existing capture panel. 

 

Evaluation of alignment metrics, specifically on-target rate, provides information on how well 

the targeted region was enriched. A low on-target rate may be due to a failed hybridization and 

capture, whereby the desired target region was not captured and enriched. In this case, a re-

hybridization and capture of the library set must be performed. A low on-target rate may also be 

due to failure to deplete rRNA, which can be confirmed by calculating the percentage of rRNA 

in the samples. High rRNA percentage within the sample will require re-preparation of the 

sample beginning with rRNA depletion. Additionally, if library concentration falls below the 

requirements for hybridization and capture, it would be advisable to optimize the amount of 

starting input for the sample type and quality (range: 50-1000ng).  

 

While there are several advantages for targeted RNAseq applications, there are also limitations to 

consider. Samples with poor RNA quality based on RIN or degree of fragmentation may not 

yield quality libraries for sequencing. Several groups have demonstrated success with formalin 

fixed paraffin-embedded samples, however there are samples that will not pass for 

sequencing24,25,27. Further, since RNAseq Capture focuses on known transcripts, it loses the 

benefits of unbiased RNAseq for novel or unannotated transcripts. In addition, for SNP 

detection, RNAseq methods can only detect mutations in expressed transcripts.  

 

Future opportunities of RNAseq Capture include research and clinical applications. Recent 

discovery of thousands of long non-coding RNA and their role in biology will require focused 

characterization. In the clinic, RNAseq Capture may extend beyond research testing and translate 

into clinical assays to characterize human disease such as cancer, infectious disease, and non-

invasive testing. In conjunction with genomic sequencing approaches, RNAseq Capture can be 

integrated to study and characterize the expressed genome. 
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miRNeasy Mini Kit Qiagen 217004

Molecular Biology Grade Ethanol Sigma Aldrich E7023-6X500ML

Thermoblock 24 X 1.5ml Eppendorf 21516-166

MiSeq Reagent Kit v2 (300-cycles) Illumina MS-102-2002

MiSeq Desktop Sequencer Illumina

PhiX Control v3 Illumina FC-110-3001

TruSeq Stranded Total RNA Kit with RiboZero Gold SetA Illumina RS-122-2301

25 rxn xGen® Universal Blocking Oligo - TS-p5 IDT 127040822

25 rxn xGen® Universal Blocking Oligo - TS-p7(6nt) IDT 127040823

25 rxn xGen® Universal Blocking Oligo - TS-p7(8nt) IDT 127040824

Agencourt® AMPure® XP - PCR Purification beads Beckman-Coulter A63880

Dynabeads® M-270 Streptavidin Life Technologies 65305

COT Human DNA, Fluorometric Grade, 1mg Roche Applied Science05480647001

Qubit® Assay Tubes Life Technologies Q32856

Qubit® dsDNA HS Assay Kit Life Technologies Q32851

SeqCap® EZ Hybridization and Wash Kits  (24 or 96 reactions)Roche NimbleGen 05634261001 or 05634253001 

Qubit® 2.0 Fluorometer Life Technologies Q32866

10 x 2 ml IDTE pH 8.0 (1X TE Solution) IDT

Tween20 BioXtra Sigma P7949-500ML

Nuclease Free Water Life Technologies AM9937

C1000 Touch™ Thermal Cycler with 96–Well Fast Rection ModuleBiorad 185-1196

SeqCap EZ Hybridization and Wash Kits Roche Applied Science05634253001

SuperScript II Reverse Transcription 200U/ul Life Technologies 18064-014

D1000 ScreenTape Agilent Technol. Inc. 5067-5582

Agencourt RNAClean XP -40ml Beckman Coulter Inc A63987

RNA ScreenTape Agilent Technol. Inc. 5067-5576

RNA ScreenTape Ladder Agilent Technol. Inc. 5067-5578

RNA ScreenTape Sample Buffer Agilent Technol. Inc. 5067-5577

Sodium Hydroxide Sigma 72068-100ML

DynaBeads MyOne Streptavidin T1 Life Technologies 65602
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DYNAMAG -96 SIDE EACH Life Technologies 12331D

Chloroform Sigma C2432-1L

KAPA HotStart ReadyMix KAPA Biosystems KK2602

NanoDrop 2000 Spectrophotometer Thermo Scientific

My Block Mini Dry Bath Benchmark BSH200

D1000 Reagents Agilent Technol. Inc. 5067- 5583

Vacufuge Plus Eppendorf 022829861 
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https://urldefense.proofpoint.com/v2/url?u=http-3A__www.linkedin.com_company_jove&d=BQMGaQ&c=k9MF1d71ITtkuJx-PdWme51dKbmfPEvxwt8SFEkBfs4&r=MtcULrh0sE9nBgE6zAg-wAp25Dmb6hzoRykJenXK1pQ&m=fZPnup4wwvX68I_yAAaeZOrggHF66fi2iDVyVER7Ob4&s=tbn0KK1Bi439syuTyDs8iPztublVMiVBgUEbH5Km58E&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.jove.com&d=BQMGaQ&c=k9MF1d71ITtkuJx-PdWme51dKbmfPEvxwt8SFEkBfs4&r=MtcULrh0sE9nBgE6zAg-wAp25Dmb6hzoRykJenXK1pQ&m=fZPnup4wwvX68I_yAAaeZOrggHF66fi2iDVyVER7Ob4&s=2niROeHI2Y-rjPuHweIFm3MuN1D3dZQRMJocpVo5eLM&e=


changes.  

 

•Formatting: 

-3.2.3, 5.4.4 – Please split into two steps. 

-3.2.9 – Please make the last sentence a note. 

-All figure legends should have a title and a brief description describing the figure. 

 

•Grammar: 

-Please copyedit the manuscript for numerous grammatical errors. In particular, many protocol 

steps contain sentences with comma splices or run-on sentences. 

-2.1.2 – “pre-hit” should be “pre-heat” 

-5.2.5 – “table top mini centrifuge tubes” should be “table top mini centrifuge” 

-Informal abbreviations should not be used in the manuscript. Please use “hybridization” rather 

than “hybe” throughout the manuscript. 

 

•Unnecessary branding should be removed: 

-5.5 – Illumina MiSeq 

-6.1 – FastQC – The name of a program should not be a section heading.  

 

•If your figures and tables are original and not published previously, please ignore this comment. 

For figures and tables that have been published before, please include phrases such as “Re-print 

with permission from (reference#)” or “Modified from..” etc. And please send a copy of the re-

print permission for JoVE’s record keeping purposes. 

 

* JoVE reference format requires that DOIs are included, when available, for all references listed 

in the article. This is helpful for readers to locate the included references and obtain more 

information. Please note that often DOIs are not listed with PubMed abstracts and as such, may 

not be properly included when citing directly from PubMed. In these cases, please manually 

include DOIs in reference information. 

 

NOTE: Please copyedit the entire manuscript for any grammatical errors you may find. This 

editing should be performed by a native English speaker (or professional copyediting services) 

and is essential for clarity of the protocol. Please thoroughly review the language and 

grammar of your article text prior to resubmission. Your JoVE editor will not copy-edit your 

manuscript and any errors in your submitted revision may be present in the published version.  
 

NOTE: Please include a line-by-line response letter to the editorial and reviewer comments 

along with the resubmission.  
 

 

Reviewers' comments: 
 

Reviewer #1:  
Manuscript Summary: 

This manuscript by Martin et al, "Targeted RNA Sequencing Assay to Characterize Gene 

Expression and Genomic Alterations", describes the methodology for performing capture RNA-



Seq of select transcripts to derive a targeted gene expression profile and to reveal alterations such 

as sequence variants and gene fusions. It is well written and provides detailed experimental 

methods of the RNA/cDNA preparation steps. The manuscript also provides a nice 

representation of various QC metrics (gene expression levels, mapping statistics, alignment rates, 

insert sizes) and discussion of different types of alterations that can be detected in cancer 

samples. There are several issues detailed below, however, that would need to be addressed prior 

to publication. 

 

Major Concerns: 

1. In the introduction, the concept and rationale for targeted capture method are described, but it 

would be more informative to specify the capture parameters in detail. Which genes (and how 

many) were captured? How were the genes selected? Do probes include UTR sequence or just 

coding exons? How were the custom probes designed, and where were they ordered from? The 

source of capture probes should be listed either in methods section 5 (Hybridization, Capture, 

and Sequencing) or in the Table of Materials/Equipment. 

We selected exons for genes of interest in drug development including kinases, genes 

involved in common rearrangements such as transcription factors, and house keeping 

genes. Please see revised text on page 12.  

Editor: Probes may vary based on commercial provider. Several commercial providers 

such as Agilent, Nimblegen, and IDT DNA Technologies can provide that are designed 

according to their best practices. We have followed the same format as in JOVE article 

Won et al., Detecting Somatic Genetic Alterations in Tumor Specimens by Exon Capture 

and Massively Parallel Sequencing. 

 

2. There is not nearly enough detail for the computational methods (Section 6: Data Analysis). 

The run parameters for every algorithm should be listed. For FastQC and RNA-seq QC, what are 

the desired or expected outputs, and what actions are taken based on different QC values? More 

detail is needed for the specific post-processing steps in 6.3.2. What thresholds or parameters are 

used for variant calling in 6.4? 

Editor: For analysis methods, please revised text on page 10. We have provided the same 

level of detail as seen in JOVE article Won et al., Detecting Somatic Genetic Alterations in 

Tumor Specimens by Exon Capture and Massively Parallel Sequencing. More than this 

would amount to 10+ pages of text.  

   

3. The paper states that the protocol is compatible with not only cell line RNA, but with frozen 

and FFPE RNA (Pg 4, lines 99-102). However, the results only show data from cell lines. As 

RNA from degraded materials have much lower RIN scores and shorter fragments thus resulting 

in lower quality cDNA and library yields for sequencing, are there modifications to the steps in 

the kit used here (TruSeq Stranded Total RNA kit) when starting with degraded RNA from FFPE 

tissue, besides increasing the input amount? Comparable results (especially QC metrics) should 

be shown using frozen and FFPE RNA to truly show the utility of this method in various sample 

types. 

 

Editor: RNAseq and capture has been applied to cell line and FFPE RNAs. For the 

purpose of the JOVE video and demonstration article, we have shown an example using 

cell line RNAs. There are at least five commercial entities with protocols that can be 



applied for cell line, frozen, or FFPE RNA. Demonstrating all possible variations and 

applications is outside the scope, but this provides starting point for potential directions for 

a reader. 

 

4. The data in Table 1 (Fusion Detection for Capture versus RNAseq) are perplexing. For 

ChimeraScan and TRIP, the number of fusion supporting reads is greater for unselected rather 

than captured RNA-Seq. This is in direct contrast to Tophat Fusion. Is this a mistake, or is there 

an explanation? This is not consistent with statement on p.12: "Generally, capture outperformed 

RNAseq in fusion detection with the presence of more fusion supporting reads." Furthermore, 

certain fusion events were missed by ChimeraScan and TRUP entirely; is there an explanation 

for this? 

Thank you for pointing out this difference. The Table shows normalized fusion supporting 

reads for three different fusion tools. In some instances, one fusion tool may be more 

efficient than another at detecting different types of fusions. For this particular application, 

our preferred tool is Tophat fusion, however for the sake of demonstration, we have shown 

two other examples, and they do performly differently.  

 

on p.12: "Generally, capture outperformed RNAseq in fusion detection with the presence 

of more fusion supporting reads." We have revised page 12, line 479 as follows: 

“Capture RNAseq was successful in detecting fusions for all four cell lines.” 

 

Editor: Differences in fusion tools is outside of the scope of this JOVE manuscript. 

 

Minor Concerns: 

1. In Figure 3, it would be helpful to also show the percent of reads mapping to target genes 

versus the rest of the transcriptome. 

Thank you for this suggestion. Please see Figure 2B shows percentage of reads mapping to 

targeted region in Capture versus RNA seq in four cancer cell lines. 
 

2. In the Representative Results section, the authors describe the four cancer cell lines with 

known mutations. It would be helpful to clarify the types of known mutations (e.g., SNVs, gene 

fusions, etc). 

Thank you for this suggestion, we have described the four cancer cell lines on page 11-12 in 

the Representative Results section with information detailing these cell lines as follows: 

“Four cancer cell lines with known mutations were used to demonstrate the effectiveness of 

the RNAseq Capture technique (K562 with ABL1 fusion, LC2 with RET fusion, EOL1 with 

PDGFRalpha fusion  and RT-4 with FGFR3 fusion).” 

 

3. It is nice to see the low % of rRNA sequences using the capture method. However, when using 

the capture method, is rRNA depletion really necessary? Looking at the % of rRNA sequences in 

rRNA depleted capture RNAseq vs traditional RNAseq doesn't accurately evaluate the efficiency 

of capture RNAseq in reducing rRNA sequences. The fair comparison of the efficiency of rRNA 

depletion would be to compare the % of rRNA in samples with rRNA depletion vs without 

rRNA depletion using the capture method in both.  

 



Thank you for this comment. Our demonstration shows rRNA depleted samples with or 

without enrichment. This experiment does not seek to or adequately compare the 

ribosomal depletion vs no ribosomal depletion steps. 

 

Editor: The goal of this methods paper was to show how target enrichment can be utilized 

for targeted RNAseq. There are multiple ways to avoid sequencing rRNA, including 

depleting rRNA or enriching for other transcripts such as PolyA or probe hybridization. 

This is outside of the scope of this JOVE manuscript.  

 

Additional Comments to Authors: 

N/A 

 

 

Reviewer #2:  
Manuscript Summary:  

In this paper, Martin et al described a targeted RNA-seq method (Capture RNAseq) that focused 

on selected RNA products. They demonstrated the application of this method in four different 

cell lines using desktop sequencer followed by computational analyses to characterize gene 

expression, gene fusion and SNV. However, several questions need be addressed before the 

reader can fully appreciate the advantage and novelty of this method. 

 

Major Concerns: 

1. What is the difference/improvement of this method compared to the other targeted RNA-seq 

methods such as the ones described by Cieslik et al (2015) and Clark et al (2015)? The authors 

put a lot of effort into comparing Capture RNAseq with RNAseq, which has been thoroughly 

discussed by previous studies and shadowed the true technical advantage of this method. 

Editor: This is correct. This is not different or an improvement but rather a detailed 

description and video demonstration of targeted RNAseq. We have demonstrated how to 

complete this method. 

 

2. The application of targeted RNA-seq mainly benefits from its high sensitivity and accuracy, 

which is not well demonstrated in this paper. How to validate the gene expression levels detected 

by Capture RNAseq? Maybe the authors can use qPCRs to assess the targeted gene expression 

and see if that correlate with the results of Capture RNAseq and ordinary RNAseq. Additionally, 

internal controls such RNA spike-in (e.g. ERCC spike-in) or intergeneric DNAs can be helpful to 

estimate the relative expression levels. Furthermore, technical replicates should be included to 

show the reproducibility of the method. 

Editor: Recent publications have demonstrated sensitivity for gene expression and  

reproducibility using ERCC spike-in (example Clark et al 2015 Nat Methods). We do not 

think it is necessary to replicate these papers. This is outside of the scope of providing a 

detailed methods description and video demonstration of targeted RNAseq. 

 

Minor Concerns: 

1. Fig. 2A, there are quite some non-targeted genes which can also be detected as "highly 

expressed" in Capture RNAseq compared to RNAseq. Non-specific amplification/hybridization? 

Please explain. 



Editor: The reviewer’s comment is correct that these are most likely due to “non-specific 

amplification/hybridization”, and represent a very small percentage of transcripts assessed.  

 

2. Fig. 3F, in some samples (e.g. LC2), the rRNA percentage in rRNA-depleted RNAseq seems 

higher than usually reported. 

Editor: The reviewer’s comment is correct, LC2 sample has higher than normal rRNA %. 

These four samples represent real data, and in practice some samples may have variable 

rRNA depletion or target enrichment. In this instance, the preparation was successful in 

detecting the RET fusion gene and hence was not re-prepped. Protocols from 

manufacturers provide similar guidance.  

 

3. The authors claimed that Capture RNAseq "can be completed on desktop sequencers with 

rapid turnaround time compared to traditional RNAseq", however, data of comparison was now 

shown in the paper. 

Thank you for this comment. While traditional rNAseq can be completed on HiSeq 

instruments or similar instruments, the number of individual samples needed per run to fill 

a run is significantly greater (24-48 samples per lane). This could thereby limit turnaround 

time. 

We have revised text on page 3 as follows: 

“RNAseq Capture has intermediate throughput, greater dynamic range and sensitivity, 

and is scaled for fast turnaround on desktop sequencers.” 

 

4. In PROTOCOL section, part 5. Hybridization, Capture and Sequencing, how were the probes 

designed? In part 5.2 Bead Preparation and Capture, line 318, what are the Wash Buffers I, II, III 

and Stringent? Were they from commercially available kits? Please specify.  

Editor: Probes can be designed with one of three major commercial supplies: Agilent, 

Nimblegen, IDT DNA Technologies. Wash buffers sources were removed as per JOVE 

instructions. 

 

5. There seems to lack of description about how the "traditional" RNAseq libraries were 

prepared.  

Thank you for pointing this out. In this methods paper, we have used the term “traditional 

RNAseq” to mean “only rRNA depleted, while “Capture” refers to enrichment steps with 

custom probes. We have inserted text on page 7, the end of Step 4 to clarify this as follows: 

“Note: This library is considered a RNAseq library. Subsequent steps lead to a Capture 

library.” 

 

6. In the Data Analysis section, part 6.2 RNA-seq QC, how was the BAM file generated before 

alignment? I guess RNA-seq QC should be done after alignment. 

For analysis methods, please revised text on page 10.  

 

7. In the Data Analysis section, part 6.4 Variant Calling, if use STAR as the mapper for variants 

calling, it should be cited. 

For analysis methods, please revised text on page 10, STAR is now referenced. 

 

8. Abbreviations should be consistent throughout the paper, such as RNA-seq vs RNAseq. 



Thank you for this comment, we have revised on page 10, item 6.2, to be consistent with 

“RNAseq.” 

 

Additional Comments to Authors: 

N/A 

 

 

Reviewer #3:  
Manuscript Summary:  

This manuscript describes a pipeline for the realization and analysis of targeted RNA-seq 

experiments. It describes both the wet lab and dry lab parts. 

 

Major Concerns: 

The described pipeline applies only to human RNA-seq experiments. For other organisms the 

reference genome should be changed. This could be stated either in the manuscript or in the title. 

That is correct, this RNAseq assay could be adapted to other organisms, and the reference 

transcriptome should be accordingly utilized instead of human reference.  

As a statistician I mainly focused on the dry lab part. The description of the pipeline lacks 

important information such as : 

Thank you for these comments. 

- the type of quality control metrics that should be computed and how to interpret them. In 

particular, are there cases for which the analysis should be stopped for quality reasons ? 

- which version of the softwares included in the pipeline should be used ? With which parameters 

? This is important since with GATK (which is used for SNP detection) only recent versions 

apply to RNA-seq data analysis. So the authors need to specify the version that is suited for this 

pipeline.  

For analysis methods, please revised text on page 10.  

Each software manual includes suggested quality metrics that could be followed 

standardly. We have not detailed them in this methods paper. This is outside of the scope of 

demonstrating targeted RNAseq. 

 

Editor: For analysis methods, we have provided the same level of detail as seen in JOVE 

article Won et al., Detecting Somatic Genetic Alterations in Tumor Specimens by Exon 

Capture and Massively Parallel Sequencing. More than this would amount to 10+ pages of 

text.  

 

Minor Concerns: 

None 

 

Additional Comments to Authors: 

N/A 



•Formatting: 
-3.2.3, 5.4.4 – Please split into two steps. 
Each of these were accordingly split into two steps. 
-3.2.9 – Please make the last sentence a note. 
Remove the PCR strip tubes from the magnetic stand and add 22.5µL resuspension buffer to each tube. 
Gently pipette the entire volume up and down 10X to mix thoroughly or until the beads are fully resuspended. 
Please advise which part of 3.2.9 should be a note. It is necessary to resuspend before proceeding to the next 
step. 
-All figure legends should have a title and a brief description describing the figure. 
Figure titles and legends have been extensively expanded and edited on page 12-13. 
 
•Grammar: 
-Please copyedit the manuscript for numerous grammatical errors. In particular, many protocol 
steps contain sentences with comma splices or run-on sentences. 
-2.1.2 – “pre-hit” should be “pre-heat” 
This was corrected. 
-5.2.5 – “table top mini centrifuge tubes” should be “table top mini centrifuge” 
This was corrected. 
-Informal abbreviations should not be used in the manuscript. Please use “hybridization” rather 
than “hybe” throughout the manuscript. 
This was corrected throughout the manuscript. 
 
Methods have been further edited for run-on sentences and grammar. 
 
•Unnecessary branding should be removed: 
-5.5 – Illumina MiSeq 
This was edited to Desktop Sequencer Loading Procedure. 
-6.1 – FastQC – The name of a program should not be a section heading. 
FastQC was edited to “Sequence Quality Assessment.” 
RNASEQ QC was also edited to “RNASeq Quality Assessment.” 
 
•If your figures and tables are original and not published previously, please ignore this comment. 
For figures and tables that have been published before, please include phrases such as “Re-print with 
permission from (reference#)” or “Modified from..” etc. And please send a copy of the reprint permission for 
JoVE’s record keeping purposes. 
Not applicable. 
 
* JoVE reference format requires that DOIs are included, when available, for all references listed in the article. 
This is helpful for readers to locate the included references and obtain more information. Please note that often 
DOIs are not listed with PubMed abstracts and as such, may not be properly included when citing directly from 
PubMed. In these cases, please manually include DOIs in reference information. 
DOI appears ok. 

Rebuttal comments for grammar Click here to download Rebuttal Comments JOVE RNASeq
Jan15 REPLY.docx

http://www.editorialmanager.com/jove/download.aspx?id=453720&guid=821bd905-80bf-4ca0-a4d8-398de391fdb1&scheme=1
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