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• QIAGEN products shown here are intended for molecular biology 

applications. These products are not intended for the diagnosis, 

prevention or treatment of a disease.

• For up-to-date licensing information and product-specific 

disclaimers, see the respective QIAGEN kit handbook or user 

manual. QIAGEN kit handbooks and user manuals are available 

at www.QIAGEN.com or can be requested from QIAGEN 

Technical Services or your local distributor.

Targeted RNAseq for gene expression using UMIs: Introduction 

http://www.qiagen.com/
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Are “reads” the best we can do with sequencing?

Whole transcriptome sequencing for gene expression 

• Quantifies and characterizes all RNA

• Final data point in READS per target
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Are “reads” the best we can do with sequencing?

Whole transcriptome sequencing for gene expression

• Quantifies and characterizes all RNA

• Final data point in READS per target

Drawbacks

• Complex library construction

• 1µg of total RNA

• Fails on FFPE & fragmented RNA

• Large computational requirements

• Massive amount of data generated

• Filtering, alignment, assembly, curation

• Aggressive normalization for quantification

• Not at all straightforward

• Requires skilled bioinformatics scientists

• Cost

• Large read budget = money

• Limits sample numbers in studies

• Only runs on HT instruments

• Limits accessibility to core labs
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Targeted expression analysis by NGS (Targeted Discovery/validation)

What are the advantages of applying targeted gene profiling to NGS? 

• Use read budget only for genes of interest

• Cost

• Time (quick prep, run, analysis)

• Sample throughput - multiplex many samples

• Desktop platforms can now be used for RNA analysis (500,000 reads per sample 

instead of 20,000,000 or more)

• Simplified bioinformatics (no assembly required)

• Don’t need that bioinformatics guy down the hall

• Minimal sample pre-processing

• No ribosomal depletion or blocking

• No polyA selection

• Only nanogram quantities of RNA required

• 6 hour sample prep - only need thermocycler and magnet.

When? Who?

• Scientists with known gene list or pathway

• Follow up on WTS or microarray

• Alternative to digital PCR/ Nanostring/Taqman qPCR/ Fluidigm/OpenArray/Wafergen

qPCR
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But we still need an improvement….

Targeted RNAseq still is a “read” based approach to understanding gene 

expression.

How do we go from “reads” to counting transcripts?

Targeted RNAseq for gene expression using UMIs: Introduction 
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Counting reads during sequencing
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PCR duplicates and amplification bias are major issues in current RNAseq workflows, as they 
result in biased and inaccurate gene expression profiles

mRNA cDNA

PCR duplicates

Ratio of 

original state 

of genes

4

1

Amplification bias

Ratio of genes 

based

on reads

[reads (ratio)]

12 (2)

6 (1)

Ratio based on reads

Gene A

Sample 1

Gene A

Sample 2

Raw reads
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But we still need an improvement….

Molecular barcodes each “capture” event

12 random bases

16 million barcodes

Use approximately 1/20th of total number of primers in a reaction - each gene specific primer

is statistically unique!
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Digital sequencing by molecular barcodes for accuracy
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Molecular barcodes allow the counting of original gene levels instead of PCR duplicates, 
thereby enabling digital sequencing and resulting in unbiased and accurate gene expression 
profiles

mRNA cDNA

Ratio of 

original state 

of genes

4

1

Gene A

Sample 1

Gene A

Sample 2

Ratio of 

genes based

on barcodes

4

1

Tag each gene with unique 

molecular barcodes

Count unique barcodes, 

not reads

Barcode reads

Ratio of genes 

based

on reads

[reads (ratio)]

12 (2)

6 (1)
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QIAseq workflow: From Sample to Insight
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“Leave no scientist behind”….
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QIAseq workflow: From Sample to Insight
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Included in 

Panel Kit Included in cloudIndex Kit
Library Quant

Kit
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QIAseq workflow: From Sample to Insight
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Included in 

Panel Kit Included in cloudIndex Kit
Library Quant

Kit
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QIAseq targeted RNA 2-stage PCR workflow

cDNA synthesis

QIAseq bead cleanup

1st stage PCR (UniP1, GSP2)

2nd stage PCR/Sample indexing

Primer extension/molecular tagging (GSP1)

QIAseq bead cleanup

RNA sample

6 hours

96 well-plate compatible

QIAseq bead cleanup

16

Everything needed to go from RNA  Library in one kit, one day!
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‘Simple’ procedure, integrated library preparation

17

6
 h

o
u

rs

GSP1, GSP2 

never see other, 

thereby minimizing 

primer dimers
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Customer Criteria Differential Gene Expression By QIAseq NGS

Species coverage

Biological replicates

Human - Catalog, Extended, Virtual, Custom panels

Mouse + Rat - Custom 

Essential for robustness of experimental design (and statistics!)

Short reads for FFPE, and

Exosomal RNA
Average amplicon 97 bps’; range 95-130 bases

Coverage across the transcript (i.e. 

cover every exon)

We are counting single common regions per gene. Same design 

philosophy as RT2 PCR Arrays

Depth of sequencing
High enough to infer accurate statistics

determined by Smcounter - ~2-5 reads per random barcode

Role of sequencing depth
Capture enough unique tags of each transcript such that statistical 

inferences can be made (>10 tags per gene)

Stranded library prep Not required, amplicons do not overlap lncRNA

Type of reads (paired or 

Unpaired?)
Not necessary, 150 base single reads more than enough for accurate data

mRNA and lncRNAs

Qiaseq was designed against database containing lncRNA and mRNA.  

Assay are specific for lncRNA or mRNA.  Currently 54,881  genes from 

Ensembl version 81

18

Experimental setup & things to consider 
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Free circulating nucleic acids

RNA and DNA from dead cells shed 

into the bloodstream, can contain cancer-related 

mutations.

Exosomes

Tiny microvesicles found in body fluids that transport 

RNA between cells.

Circulating tumor cells

Tumor cells shed from a tumor into the bloodstream 

carrying genetic information.

Access RNA from any sample

19

Tissue samples

Fresh tissue or archived FFPE samples

QIAGEN comprehensive sample isolation portfolio compatible with QIAseq RNA

Targeted RNAseq for gene expression using UMIs: Introduction 
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Liquid biopsy: Non-invasive approaches to diagnostics

20

A liquid biopsy is a liquid biomarker that can be isolated from body fluids, such as 

blood, saliva, urine, ascites, or pleural effusion. Like a tissue biopsy, it is a 

representative of the tissue from which it has spread.

Diaz, Jr., L.A. and Bardelli, A. (2014) “Liquid biopsies: genotyping circulating tumor DNA.” Am. Soc. Clin. Oncol. 32, 579.

Liquid biopsies have become more clinically useful in recent years due to the ability to 

pair tests on circulating tumor cells with genomic tests.
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Liquid biopsy: Circulating biomarkers for cancer
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Liquid biopsies

CTCs 

(circulating 

tumor cells)

ctNA 

(circulating 

tumor 

nucleic 

acids)

Exosomes

Tumors shed both intact cells (resulting in circulating tumor cells) as well as cellular components, 

such as nucleic acids (resulting in cell-free DNA or RNA).

Diaz, Jr., L.A. and Bardelli, A. (2014) “Liquid biopsies: genotyping circulating tumor DNA.” Am. Soc. Clin. Oncol. 32, 579.

Cancer cells released 

from primary tumor mass 

into the bloodstream

ctDNA (circulating tumor 

DNA), miRNAs, mRNA, & 

long non-coding RNA

Small membrane-derived 

vesicles (40–100 nm)

contain various molecules such 

as signal proteins, microRNAs, 

mRNAs, lipids, and exoDNA. 

CTC ctNA, mainly ctDNA Exosome vesicle, exoDNA, 

miRNA, and lncRNA

Samples: blood, serum/plasma, urine, CSF, saliva

Targeted RNAseq for gene expression using UMIs: Introduction 
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Exosomes as circulating cancer biomarkers

• Exosomes play a central role in cell-to-cell communication

• The majority of DNA associated with tumor exosomes is double-stranded, representing 

whole genomic DNA

• Biological molecules (protein, RNA, and miRNA) contained in exosomes are well 

protected by a lipid bilayer membrane that confers a high degree of stability

Exosomes: Small membrane vesicles (30–100 nm), secreted by most cell types into the bloodstream. 

Functional biomolecules:

• DNA fragments (exosomal DNA, 

exoDNA)

• Proteins and/or peptides

• mRNA

• microRNA (miRNA)

• Lipids

Rolfo, C. et al. (2014) “Liquid biopsies in lung cancer: the new ambrosia of researchers.” Biochimica et Biophysica Acta 1846, 539.

Klevebring, D. et. al. (2014) “Evaluation of exome sequencing to estimate tumor burden in plasma.” PLOS One 9, e104417.
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exoRNeasy Serum/Plasma Kit

From sample to extracellular vesicle RNA isolation in just 1 hour

• Microvesicle isolation

• 20 minutes

• RNA isolation

• 35 minutes

Separate 

Serum/Plasma

Isolate 

Exosomes

Isolate 

RNA
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Ultracentrifugation (UC) Eluate from exoEasy

• Both preparations contain vesicle-shaped structures within an expected size range

• UC: Many smaller, unidentified structures/particles that do not match the expected size

• exoEasy: Intact vesicles with higher purity

Specificity for vesicular RNA

Co-precipitation of large protein complexes

24Targeted RNAseq for gene expression using UMIs: Introduction 
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,

Both methods purify RNA of similar size and yield 

exoRNeasy isolates small and large RNAs from EV

Bioanalyzer sizing

2 ml plasma was 

pre-filtered (0.8 

µm) to exclude 

larger particles. 
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EVs contain both small and large RNAs

Purification of large, intact, non-degraded RNAs from EVs

exoRNeasy total RNA

Small RNA fraction Large RNA fraction
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* Arroyo, J.D. et al. (2011) Argonaute2 complexes carry a population of circulating microRNAs 

independent of vesicles in human plasma. Proc. Natl. Acad. Sci. USA 108, 5003.

exoRNeasy captures all mRNA and vesicle-specific miRNAs

mRNA exclusively within vesicles – near 100% bound

miRNA in vesicular and non-vesicular fractions 

(e.g. free Ago2 complexes) 
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Content: Laboratory verified comprehensive panels
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QIAseq Targeted Panels: Content, controls and customization

Flexible experiment design for any Catalog Panel options:

Comprehensive Panels (available for 12, 96 or 384 samples)

• Cancer Transcriptome (395)

• Inflammation & Immunity Transcriptome (475)

• Signal Transduction PathwayFinder (406)

• Stem Cell & Differentiation Markers (293)

• Molecular Toxicology Transcriptome (370)

• Angiogenesis & Endothelial Cell Biology (340)

• Apoptosis & Cell Death (264)

• ECM & Adhesion Molecules (421)
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QIAseq Targeted Panels: Content, controls and customization

Flexible experiment design for any Extended Panel options:

Add 25 of your favorite targets (mRNAs or lncRNAs)

to QIAGEN’s comprehensive panel 

lnc13

ADAMT

S9

CAHM

DLEU2

GAS5

GAS6-

AS1

GNAS

LINC00

261

MEG3

MIR31

HG

MIR7-

3HG

NAMA
PTCSC1

PTCSC3

TERC

ZFAS1

LINC0

0312
DLX6

NEAT

GACA

T1

What is the role of tumor suppressor lncRNAs?

Find out!
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QIAseq Targeted Panels: Content, controls and customization

Flexible experiment design for any pathway panel options:

QIAseq Targeted RNA pathway panels (available for 12, 96 or 384 samples)

Each panel contains 84 genes + controls and housekeeping genes.

Choose from over 180 panels!  

DiseasesPathways miRNA Targets
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Controls: Take the guesswork out of your analysis!

32

Built-in controls:

• gDNA assays to control 

for any gDNA 

contamination in the 

RNA sample

• Mean tags per target 

calculated and mRNAs 

near this number are 

flagged during analysis 

as ‘close to noise level’ 

• Multiple HKG assays to 

normalize data to make 

sample-to-sample and 

run-to-run comparisons 

possible

• Flexible – use one, two, 

all, none or any other 

genes as normalizers

• HKG efficacy evaluation 

built into secondary data 

analysis

HKG
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Custom panels

Online custom builder:

• Choose your own gene content from 

54,881 human genes and lncRNA

• Easy to use online Custom Panel Builder 

to tailor panel to your research needs

• Input list of genes

• Select proper controls (genomic DNA 

contamination control, HKGs, or your 

own)

• Output: list of genomic coordinates for 

primers designed specifically for your 

genes of interest

33Targeted RNAseq for gene expression using UMIs: Introduction 



Sample to Insight

Custom builder

Download zip file containing:

• Summary file

• Bed file

All your custom designs 

are saved for easy retrieval

Have questions?

Easily contact us

Configure and order

Custom panel 

number
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Custom builder

Gene ID 

and 

symbol

Strand of the 

genome the 

gene is on
Amplicon 

coordinates

Designated 

controls 

are shown 

here

• Single exon (1) means both primers are within one exon

• # Gencode basic RNAs: Total number of RNA transcripts found for the gene in Gencode

• # Gencode basic RNAs matched: # of RNA transcripts targeted by the designed amplicon

• # off target genes: Rough prediction of # of off target genes that will also get enriched by 

the primer pair for the target gene

• Amplicon not genome unique: Reads that will not be able to be uniquely mapped to the 

genome; Some MT counts might come from another loci
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Custom builder

Bed file

Location of designed amplicon
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Small Molecules – Signal Transduction Application

• HEK293T Cells were treated with 90 different chemical inhibitors

• The 421 Signal Transduction Gene QIAseq Panel was interrogated

• In one day we went from total RNA to sequence ready libraries for
96 samples. The final libraries were quantified, normalized, and
pooled. Prior to loading onto a NextSeq, the denatured libraries
were diluted to the appropriate input concentration to obtain to
generate suitable clusters on the NextSeq

QIAseq Targeted RNA Application Data

Cells

Treated cells

RNA
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QIAGEN: Automating Sample to Insight

Real time

PCR + HRM

PCR 

Fragment

Analysis

Pyro-

sequencing

Hybrid

capture

Bench top

assay setup

Integrated 

assay setup

Low-throughput

High-throughput

Sample 

disruption
Purification

Assay

setup Detection and analysis

Medium-

throughput

Quality 

control

GeneReader

NGS
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QIAGEN: Automating Sample to Insight

Purification
Quality 

control

RNA 

quantification

(16 samples/ 

90 secs)

RNA Integrity

(96 samples 

done 

automatically 

while at 

lunch)

RNA isolation 

of 96 

samples

Cells in 

96 well 

plates
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Small Molecules – Signal Transduction Application

• HEK293T Cells were treated with 90 different chemical inhibitors

• The 421 Signal Transduction Gene QIAseq Panel was interrogated

• In one day we went from total RNA to sequence ready libraries for
96 samples. The final libraries were quantified, normalized, and
pooled. Prior to loading onto a NextSeq, the denatured libraries
were diluted to the appropriate input concentration to obtain to
generate suitable clusters on the NextSeq

QIAseq Targeted RNA Application Data

Cells

Treated cells

RNA

Indexed libraries
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QIAGEN: Automating Sample to Insight

Library 

quantification

Library 

integrity

Library quantification

Setup by qPCR

Sample 

disruption
Purification

Assay

setup Detection and analysis
Quality 

control

RNA 

quantification

(16 samples/ 

90 secs)

RNA Integrity

(96 samples 

done 

automatically 

while at 

lunch)

RNA isolation 

of 96 

samples

Cells in 

96 well 

plates
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Small Molecules – Signal Transduction Application

• HEK293T Cells were treated with 90 different chemical inhibitors

• The 421 Signal Transduction Gene QIAseq Panel was interrogated

• In one day we went from total RNA to sequence ready libraries for
96 samples. The final libraries were quantified, normalized, and
pooled. Prior to loading onto a NextSeq, the denatured libraries
were diluted to the appropriate input concentration to obtain to
generate suitable clusters on the NextSeq

• The parameters of the NextSeq sequencing run were; Single 151
bp read, with a Custom Sequencing Primer (included in kit)

QIAseq Targeted RNA Application Data

Cells

Treated cells

RNA

Indexed libraries

Normalized, pooled libraries
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Primary data analysis for QIAseq Targeted RNA Sequencing

QIAseq Targeted RNA Data Analysis automated workflow

Read 

mapping

• Read Mapping

• Identify the possible position of the read within the reference genome

• Align the read sequence to reference sequences

• Primer Trimming

• Remove the primer sequences from the reads 

• Molecular Barcode Counting

Primer 

trimming

Molecular 

barcode 

count

Go get coffee
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Small molecule application data

Primary data analysis for QIAseq Targeted RNA Sequencing
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Unique captures per target gene count

Differential gene expression inter- and intra-samples

Primary data analysis for QIAseq Targeted RNA Sequencing
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QIAseq secondary data analysis setup

Analysis: What kinds of things get flagged?

Low tag #, high gDNA, poor normalizer performance
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Changes in gene expression due to chemical perturbation and quantified by QIAseq 
RNA NGS were characterized.  

Secondary data analysis for QIAseq Targeted RNA Sequencing
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Scatter plot and clustergram (HDAC Sample compared to Control)

Secondary data analysis for QIAseq Targeted RNA Sequencing
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HDAC is predicted to be inhibited by Trichostatin A and drives a 
mechanistic network with 18 other regulators. 

HDAC inhibitor network in HE293T Cells

Cell cycle

NHR, proliferation Transcriptional

activator
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QIAseq sample multiplexing guidelines on NGS platforms
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Where can you run this?
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Unparalleled efficiency and flexibility vs PCR

52

An example: 96 samples, 421 genes

Parameter QIAseq targeted RNA panels RT-PCR

Material required One pool of primers 105 384-well plates

Run time 14 hours for NextSeq run 310 hours 

(2 hours per plate)

Hands-on time 3 hours (for 96 samples) 105 hours 

(one hour per plate)

Cost per sample $65 (exclusive of sequencing 

run)

$239

Sample 10 ng each sample 4 μg each sample

Targeted RNAseq for gene expression using UMIs: Introduction 
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Many forms of biomarkers

53

Biomarkers

DNA

mRNA/
lncRNA

Fusion

miRNA
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QIAseq Targeted DNA Panel: Principle

54

WT Mutant

*

*

*
*
*
*
*

*

MB attachment

Amplification

True variant is 

present in all

fragments carrying 

the same MB

False variant is 

present in some

fragments carrying 

the same MB

Molecular barcoding allows for traceability of variants, AND CNV analysis.
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RPS6KB1-VMP1

ARFGEF2-SULF2

RNAscan custom panel: Verification and discovery

QIASeq Targeted RNAscan is a RNA target 

enrichment method that allows verification 

of known fusions and discovery of novel 

fusions with next-generation sequencing 

(NGS).
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Using NGS approaches for gene expression analysis

Principle of QIAseq Targeted RNAseq

2.1 Molecular Barcodes

2.2 QIAseq RNA workflow

An application of the QIAseq RNA system

3.1 QIAseq data analysis

3.2 Ingenuity IPA

Uses of UMIs in other types of targeted sequencing

Summary and Discussion

1

2

3

4

5
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5’ PO4 3’ miRNA

3’ Ligation3’
Pre-adenylated

adapter

Reverse-transcription with 

Molecular Tag (MT) assignment
5’3’

Bead based cDNA cleanup 

(NO GEL CLEANUP)

RT primer with MT

5’ 5’ Ligation3’

5’ 3’

5’
5’ 3’
3’

Library amplification and 

Sample Index assignment
5’ 3’
3’ 5’

Universal For

Rev with Index

5’ PO4

QIAseq miRNA Sequencing Kit: One-day Workflow

Library cleanup

Sample to sequencer in 7 hours! Other protocols can take 2 days!

Targeted RNAseq for gene expression using UMIs: Introduction 



Sample to Insight

Agenda
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Using NGS approaches for gene expression analysis

Principle of QIAseq Targeted RNAseq

2.1 Molecular Barcodes

2.2 QIAseq RNA workflow

2.3 QIAseq RNA performance

An application of the QIAseq RNA system

3.1 QIAseq data analysis

3.2 Ingenuity IPA

Summary and Discussion

1

2

3

4
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QIAseq Targeted RNAseq summary

59

• Extremely sensitive expression profiling, >1 copy per cell

• Highly flexible in experimental design, from 12 to 1000 or more targets, 1 to 96 samples

• High specificity, ~97-99% maintained through all panels

• Extremely high primer uniformity ~0.98 at 20% mean

• Random molecular barcoding for quantification

• Requires no rRNA depletion or blocking or dT selection

• Only requires ~1ng-20ng total RNA

• Makes best use of limited NGS read budget

• System optimized for best possible performance with FFPE samples 

• Leverage QIAGEN content know-how for NGS

• Disease and pathway specific collections

• Extended panels and fully custom gene content 12-1000 genes
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QIAseq Targeted RNA Products

QIAseq Targeted RNA Panel (12 or 96 samples)
Kit containing reagents for first strand synthesis, Smcounter tagging, and gene-specific amplification for 

targeted RNA sequencing 

QIAseq Targeted RNA Extended Panel (12 or 96 samples) (up to 25 additional targets)
Kit containing reagents for first strand synthesis, Smcounter tagging, and gene-specific amplification for 

targeted RNA sequencing;

QIAseq Targeted RNA Custom Panel (12, 96 or 384 samples) 
Kit containing reagents for first strand synthesis, Smcounter tagging, and gene-specific amplification for 

targeted RNA sequencing

QIAseq Targeted RNA sample Indexing(12-plex or 96-plex HT) for ion torrent

QIAseq Targeted RNA sample Indexing (12-plex or 96-plex or HT) for illumina

Library Quant Assay/Array Kit
Assays and master mix for library quantification prior to NGS

Initial Content:comprehensive  250 – 500 gene panels and 

ALL human RT2 panel content (200 panels)

Immunity and Inflammation Angiogenesis and Endothelial

Cell Death Cancer Pathway

Signal Transduction ECM and Cell Adhesion

Molecular Toxicology Stem Cells
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Contact QIAGEN Technical Service

Call: 1-800-426-8157 for US

Call: +49 2103-29-12400 for EU

Email: 

DigitalRNAseq@qiagen.com

techservice-na@qiagen.com

techservice-eu@qiagen.com

Webinar related:

QIAwebinars@qiagen.com

Questions?
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