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RNA-Sequencing or RNA-seq uses next-generation sequencing (NGS) technology 
to provide a snapshot of the numbers and identities of RNA molecules in any 
sample at any time under a condition(s) of interest. 

Since its inception in the early 00’s until now, data gleaned from  
RNA-seq experiments has revolutionised our understanding of RNA, its roles in 
animal and plant development, the importance of differential gene expression 
during health and disease, and how individuals respond to drug treatments. 
It has also revealed that eukaryotic transcriptomes are much more complex 
than previously thought!

In this series, we will take you through the RNA-seq workflow from RNA isolation, 
library preparation, and sequencing, looking at the various sequencing 
methodologies and considerations for setting up an RNA-seq experiment.

Part 1 introduces RNA-seq, its advantages in the broad sense, and the overall 
workflow for a typical experiment. 

Let’s dig in!

So What Makes RNA-Seq So Great?

Unlike PCR-based approaches to examine gene expression, RNA-seq will provide 
you with quantitative information about all of the transcripts expressed in a 
cell, tissue, organism, or community (metatranscriptomics) at any given point 
in time under a condition(s) of your choice, e.g., during particular cell cycle 
phases in the presence of various drugs.

You can look at many different RNA species simultaneously (e.g. mRNA, miRNA, 
tRNA) or you may focus on a particular type of RNA. As well as all of this, 
because RNA-seq gives nucleotide-level resolution, it can reveal novel splice 
variants, posttranslational modifications and new genetic variants e.g., SNPs 
and insertions and deletions (INDELS).

RNA-Seq 1:  
Introduction 01
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The three major sequencing technologies used for RNA-seq today are the 
Illumina, Pacific Biosciences and Oxford Nanopore platforms. While the 
underlying principles and protocols used for library preparation and sequencing 
vary between these platforms, the overall workflow is similar:

The RNA-Seq Workflow

Library Preparation

This part of the workflow is usually performed using 
a kit compatible with the sequencing platform 
in use, and it involves a series of sub-steps: 
 
Fragmentation. Larger RNA molecules, e.g., 
mRNAs are often fragmented either mechanically 
or enzymatically to produce smaller fragments 
that are suitable for sequencing. Reverse 
transcription. Here, similar to RT-PCR, the RNA 
is converted to cDNA using oligo(dT) primers 
or random hexamers or a mixture of both, 
depending on the type of RNA in question and 
the level of RNA integrity. Adaptor ligation.  
 
The cDNA molecules are blunted at the 5’ and/or 
3’ ends enzymatically (this is often referred to as 
cDNA repair), and sequencing adapters are ligated. 
Library cleanup and amplification. Libraries are 
enriched for correctly ligated cDNA fragments and 
PCR amplification is carried out to incorporate 
any remaining sequencing primer sequences. 
Library quantification and quality control. 
cDNA libraries are usually quantified using a 
combination of real-time PCR and capillary 
electrophoresis or fluorimetric methods.

Total RNA Isolation

Intact and high purity RNA is critical for 
successful RNA-seq. Choose an RNA isolation 
kit that is validated for your sample type, 
and always perform quality control on your 
isolated samples, e.g., through fluorimetry 
or capillary electrophoresis, to check the 
integrity, purity and yield. Use freshly isolated 
samples if at all possible, otherwise make sure 
that older samples have been stored correctly, 
at an appropriate storage temperature in the 
presence of stabilisers as necessary. If your RNA 
isolation protocol doesn’t include a genomic 
DNA removal step, you may consider including 
a post-isolation DNase I treatment to remove 
contaminating genomic DNA.

RNA Enrichment

Depending on the focus of the analysis and 
the expected abundance of the RNA species 
of interest, the total RNA may be subjected 
to further purification including ribosomal RNA 
(rRNA) depletion to eliminate non-specific 
artifacts or unwanted RNA species and enrich 
for specific RNA fractions or species e.g., a 
large and small RNA fraction, or a specific RNA 
species e.g., miRNA, mRNA.
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If the cDNA meets the quality criteria and is of a suitable yield and 
concentration, it is ready for sequencing! What happens next depends on 
which sequencing platform you use. Following sequencing, the resulting data 
is subjected to quality control. This is carried out in a bioinformatics pipeline 
that is either associated with the sequencing instrument or built in-house. 
Data quality control and analysis includes trimming of sequencing adapters 
and removal of poor quality reads, followed by mapping of reads to a genome 
sequence, analysis of differential transcript expression, identification of 
novel transcripts, splice variants, mutations etc. and pathway analysis to 
assess whether differentially expressed genes are linked to particular cellular 
processes or biological pathways.

Sequencing & Data Analysis
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Even if you manage to generate a library, your 
data may not be reliable since transcripts 
will likely be differentially degraded. 
Even when the integrity is good, RNA can suffer 
from a number of impurities, including organic 
solvents and salts left over from extraction 
(e.g., phenol, chloroform), genomic DNA 
(gDNA), nucleases as well as other proteases 
that can make it through the extraction process. 

All of these impurities pose potential problems 
with downstream processing steps e.g., by 
inhibiting or digesting the enzymes that carry 
out reverse transcription and library synthesis, 
or by skewing the data e.g., sequencing reads 
originating from contaminating gDNA.
In the next sections, we share advice to help 
you maximise RNA integrity and purity as well 
as straightforward ways to assess RNA quality.

What is RNA Quality?

When we talk about RNA quality for RNA-seq 
or indeed any RNA-based application, we are 
referring to both RNA integrity and purity.

RNA Integrity and Purity 

RNA integrity refers to overall intactness of the 
RNA subunits. Since RNA is a chemically unstable 
molecule, it is inherently susceptible to RNase 
degradation so care must be taken at all stages 
during any RNA-based experiment to prevent or 
keep degradation to an absolute minimum. 

Starting out an RNA-seq experiment with 
degraded DNA will result in low library yields or 
worse – complete failure to generate libraries. 

RNA-Seq 2:
RNA Quality

As outlined in Part 1, library preparation is a pivotal part of the RNA-
seq workflow. Although the exact protocol will vary according to  
RNA-seq platform technology (more about this in Part 3), the overall 
goal is the same: to create a library of complementary DNA fragments 
that represent the originating RNA sample as accurately as possible 
and provide information about the RNA features of interest, including 
information about antisense transcripts, alternative splice variants, 
miRNAs and other non-coding RNAs, low-abundance transcripts and more.  
 
There are a plethora of commercial kits available that make the job of library 
preparation quite simple and give good yields, but the outcome of any of 
these kits is entirely dependent on the quality of the starting material i.e. 
the RNA quality.

02
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How to Maximise RNA Integrity

IIf possible, aim to work with freshly isolated samples. This way you 
avoid the degradation that may occur during storage and freeze-thaw 
cycles, boosting your chances of getting a true molecular snapshot of 
your sample at the time of collection.

Whether you are fortunate enough to have access to fresh samples 
or not, you will need to take care when working with samples 
destined for RNA isolation.  
 
Some common practices include: 
- Working double-gloved on ice (ice should deactivate RNases) 
- Using dedicated RNA pipettes (in an attempt to avoid DNA  
  contamination) 
- Using pipette tips with filters to avoid RNase or other contaminants  
  entering through the pipette shaft 
- Working in designated RNase-free zones 
- Cleaning all surfaces with commercial or homemade  
  RNase-deactivating solutions

While the steps above are certainly good practice that 
should help to maximise RNA integrity, you should also 
consider the biological factors that could skew the RNA 
picture (i.e. the molecular snapshot) you want to examine. 
 
For example, if you want to profile the metatranscriptome in a mouse 
intestine in response to different diets, you will probably use stool 
samples as your starting material. However, scooping the poop won’t 
freeze that sample in time. The bacteria present in the gut contents 
will continue to divide and metabolise after sample collection, and 
some transcripts may even be lost during this process unless you 
freeze bacterial and enzymatic activity in some way. We recommend 
doing this with a nucleic acid stabiliser such as DNA/RNA ShieldTM 
rather than freezing, to avoid freeze-thaw cycles.

01.

02.

03.

Zap Those RNases

 
Fresh is Best

Preserve Your Sample for a True Snapshot!  
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How to Maximise RNA Purity

Nowadays we are spoilt for choice when it comes to isolation kits, 
but they are not all equal. If you are using a spin column-based kit, 
it’s worth noting whether the column is optimised to not retain buffer 
traces during washing steps. Kits that eliminate buffer retention will 
help to minimise impurities that may otherwise make it through to 
your isolated sample. Sometimes it also helps to add additional wash 
steps if you experience impurities during quality control (more about 
this below).

If using highly optimised spin columns and adding extra wash steps is 
not enough to eliminate impurities, you do have some other options. 
You could try a post-isolation clean up kit to help shift impurities such 
as TRIzol, chloroform and other organic solvents. These cleanup kits 
can also be used to remove unused components of enzymatic reactions 
e.g. if you choose to perform a post-isolation DNase digestion. 
Alternatively, and particularly if working with complex or secondary 
metabolite-rich samples such as soil, plants or fungi, you may wish to 
use a PCR inhibitor removal kit to remove polyphenolic compounds, 
pigments and other impurities that may wreak havoc for downstream 
enzymatic reactions.

No matter how effective your isolation kit or protocol may be, 
a certain amount of gDNA is likely to end up in your isolated RNA 
samples. Some commercial kits include a DNase treatment step that 
is carried out during the isolation protocol (on-column), while others 
include this step post-isolation. If you are using a non-kit-based 
traditional method, we recommend that you include a post-isolation 
DNase treatment step before proceeding with library preparation.

02.

01.

03.

Post-isolation Clean Up

 
Choose Your Protocol Wisely!

DNase Treatment 
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By assessing integrity and purity using the following approaches:

Quality Control – How?

Good ‘ol fashioned agarose gel electrophoresis 
is still a popular method to visualise RNA 
integrity. Here, you resolve a portion of each 
sample on a denaturing agarose gel and stain 
with ethidium bromide or another nucleic acid-
binding stain that is visible under a UV lamp. 
 
Intact RNA will appear as sharp ribosomal RNA 
(rRNA) bands. The exact subunit sizes will 
depend on the organism you are working with, 
but if your RNA is intact you should clearly see 
a large and small subunit in an intensity ratio 
of approximately 2:1. 

Partially degraded RNA will appear as a 
smear along the lane, the rRNA bands 
won’t be sharp and the intensity ratio 
will be off. Low molecular weight smears 
indicate completely degraded RNA. 

Although gels provide a useful visual 
indication of integrity, they don’t provide 
any quantitative measure of intactness and 
it is impossible to accurately and consistently 
quantify the subunit ratios by eye. 
 
To get quantitative information about RNA 
integrity, you may consider using capillary 
electrophoresis with automated data analysis 
e.g., Agilent Bioanalyzer or Tape Station 
or similar. These platforms quantify the 
intensity ratio between the large and small 
rRNA subunits and provide this as an RNA 
Integrity Number (RIN). There is no universal 
RIN threshold for RNA-seq workflows but RIN 
values below 7 are generally not accepted. An 
additional benefit of capillary electrophoresis 
systems is that they also provide information 
about the concentration of RNA present in the 
samples.

Traditional spectrophotometers and nanophotometers are widely used to provide information 
about RNA concentration and purity. Concentration is assessed by measuring the absorbance 
at A260 nm, and purity can be assessed by comparing the following absorbance ratios: 
260/280 nm ratio: A ratio of 2 is usually interpreted as pure for RNA. 
Lower ratios may indicate the presence of proteins or contaminants such 
as TRizol, phenol and others that absorb strongly at or near 280 nm. 
260/230 nm ratio: A ratio of 2-2.2 is generally accepted as pure RNA. Lower ratios indicate 
the presence of contaminants such as EDTA, carbohydrates and phenol, TRizol and others that 
absorb near 230 nm..

Although widely used, spectrophotometric methods are limited by the fact that will measure 
everything that absorbs at a given wavelength. This means that they cannot distinguish between 
RNA, ssDNA, dsDNA and single nucleotides, meaning that potential gDNA present in your sample 
will be included in your RNA quantification. Where this is a concern, fluorometric detection kits 
are recommended. The use of RNA-specific binding dyes ensures that you only measure RNA.

02.

01.

03.

Spectrophotometry

 
Gel or Capillary Electrophoresis

Flourometry



NORDIC BIOSITE AB

NORDIC BIOSITE AB 10

Each of the quality control methods described above has it merits, and 
you will probably use a combination of these to build a trustworthy picture 
of the integrity and purity of your samples. If you are unsure about which 
approaches are best for you, or if you want to take measures to improve the 
quality of your RNA samples, do get in touch with us by writing an email to 
info@nordicbiosite.com or find your local representative here. We are always 
happy to help!

RNA Quality In Practice



NORDIC BIOSITE AB

NORDIC BIOSITE AB 11

Now that we’ve gone through the general workflow and the ins and outs of 
RNA quality, we will look at some of the popular methods and platforms that 
you are likely to encounter if you embark on RNA-seq experiments.

While RNA-seq technology allows us to study many different aspects of RNA biology, e.g., splice 
variants, RNA regulation, and novel non-coding RNAs, the most widely used application is 
differential gene expression analysis. Technological developments and advances in the lab and 
bioinformatics have led to such massive progress in sequencing that about 100 distinct RNA-seq 
methods exist today. It is obviously beyond the scope of this article to cover them all, so instead, 
we can group these methods into 3 categories depending on the length of the individual fragments 
that are sequenced (read length) and the level of RNA processing required prior to sequencing:

1. Short-read cDNA sequencing – Most methods fall into this category
2. Long-read cDNA sequencing
3. Long-read direct RNA-Sequencing (dRNA- seq)

RNA-Seq 3: 
Technology Overview 03



The library preparation protocols required for short-read and long-read cDNA 
sequencing (1 and 2 above) have much in common and both approaches are 
affected by RNA quality and computational issues that lie up- and downstream 
of library preparation, respectively.

Long-read direct RNA-Sequencing (dRNA-seq) is an emerging technology that 
sequences isolated RNA molecules directly without the need for modification, 
e.g., enrichment, conversion to cDNA or PCR amplification. As such, this 
technology bypasses the biases associated with these processing steps and 
also retains epigenetic information. dRNA-seq won’t be discussed further here 
but you can find links to further reading at the end of this article.
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Short-read methods work best with sequencing 
libraries that contain fragments of similar sizes 
in the appropriate range. Very short fragments, 
e.g., primer-dimers will waste sequencing 
capacity, possibly increasing the number of 
lanes required to generate sufficient sequencing 
data and potentially skewing results. Long-read 
sequencing platforms, not surprisingly, produce 
the best results with long fragments, as short 
fragments will lead to incomplete reads that 
may disturb data quality. The exact size range 
for each protocol and platform is usually 
vendor-specific.

Adaptor Ligation – During library preparation, 
platform-specific adapters are added to the 
cDNA fragments. These adaptors are short 
DNA sequences that contain certain functional 
elements required for sequencing. Adaptors 
usually harbour additional short sequences 
known as barcodes or tags that aid in sample 
identification later, since samples are often 
mixed during RNA-seq and sequenced on the 
same sequencing lane or cell.

Before we go any further into the short- and 
long-read cDNA sequencing technologies, 
let’s first look at some of the important 
steps shared by these approaches: 
 
mRNA Fragmentation – This is one of the first 
steps that occur during library preparation. 
Here, isolated RNA is broken in a controlled 
manner into smaller fragments that are short 
enough to be sequenced by the platform in 
question. The desired fragment length depends 
on the length of the reads produced by the given 
sequencing platform. RNA may be fragmented 
physically (through sonication), enzymatically 
(RNase III digestion), or chemically (by 
exposure to divalent metal cations, e.g., zinc 
or magnesium under elevated temperature).

Size Selection – This step controls the size 
distribution of the cDNA or DNA fragments that 
are fed into the sequencing platform. This is 
performed on the sequencing library and not 
the isolated RNA (and is not be confused with 
RNA fragmentation). The various RNA-seq 
methods benefit differently from size selection 
but here’s a handy rule of thumb. 

Common Processing Steps
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Short-read RNA-Sequencing is the go-to method for differential gene 
expression analysis as it provides cost-effective and high-quality quantitative 
data that represents entire transcriptomes. Although other platforms exist, 
the vast majority of short-read RNA-seq data held in public databases has 
been generated using Illumina’s short-read sequencing technology.

 

Short-read protocols usually result in cDNA fragments that are below 200 bp 
in length due to mRNA fragmentation and a size selection step during bead-
based library preparation to enrich for fragments in the 150-200 bp range.

Short-Read cDNA Sequencing

the 4 fluorophores has been incorporated i.e. 
which nucleotide is present at that point in 
the cDNA sequence. The labelled nucleotides 
each contain a reversible terminator that 
is cleaved after imaging to allow the next 
round of synthesis to take place. As the DNA 
strand grows, it is continuously imaged and 
the fluorescent data is collected to reveal the 
identity of the newly synthesised DNA strands 
or reads. This technology can generate reads of 
50-500 bp in length.

Illumina RNA-seq uses sequencing by synthesis 
technology. This is carried out on a flow cell 
where the cDNA molecules in the sequencing 
library are sequenced simultaneously in a base-
by-base manner.

In a sequencing by synthesis reaction, 3’ 
fluorescently labelled nucleotides (i.e. A, G, 
C and T) are added as the substrates for DNA 
synthesis using the cDNA library as a template. 
In each round of sequencing, the growing 
DNA strand is imaged to determine which of 

Illumina RNA-seq  – Sequencing by Synthesis
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Although Illumina’s technology is most widely-used for mRNA analysis, both 
Pacific Biosciences (PacBio) and Oxford Nanopore provide alternative long-
read technologies that permit single-molecule sequencing of intact individual 
mRNA molecules after conversion to cDNA. By eliminating the need to 
assemble shorter reads into longer sequences (which is performed during 
computational data analysis), these long-read approaches circumvent some 
of the issues associated with short-read approaches, e.g., ambiguity with 
read mapping is reduced (because there will be fewer, but longer, reads) 
and longer transcripts can be identified thus making it possible to detect and 
identify diverse isoforms.

Long-Read cDNA
sequencing
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In PacBio’s standard Iso-Seq protocols for RNA-
seq, high-quality RNA is converted to full-
length cDNA using a template-switching reverse 
transcriptase that is capable of generating 
cDNA molecules up to 10 kb in length. These 
cDNA molecules are PCR amplified and 
then used as the input material for single 
molecule real-time (SMRT) sequencing. 
 
Because PacBio sequencing requires a large 
amount of DNA template that is generated 
through high-volume PCR reactions, it 
is also necessary to optimise the PCR 
amplification step to avoid biases associated 
with over-amplification. Following PCR 
amplification, DNA ends are repaired 
enzymatically to facilitate adaptor ligation 
and long-read sequencing is then performed. 
 
With PacBio’s technology, individual cDNA 
molecules are loaded into a sequencing 

chip containing millions of nanowells known 
as zero mode waveguides (ZMWs). A single 
molecule of DNA polymerase is immobilised 
to the bottom of each ZMW, which uses a 
single molecule of cDNA (or DNA if library 
amplification is performed) as a PCR 
template. Fluorescently labelled nucleotides 
serve as the substrates for DNA synthesis. As 
nucleotides are incorporated into the growing 
DNA strand, fluorescent signals are released 
and detected in real time. This technology 
can yield reads of up to 50 kb in length. 
 
Short transcripts diffuse more quickly than 
longer transcripts to the active surface of the 
sequencing chips in PacBio’s platforms. To 
avoid associated sequencing bias, it is advised 
to perform size selection when studying 
transcripts in the 1-4 kb range.  Size selection 
bias can be further controlled by modifying the 
loading conditions of the sequencing chips.

Long-Read Drawbacks

Despite the advantages of long-read sequencing as briefly addressed above, both 
of the long-read technologies described here suffer from a significant drawback. 
That is, the template switching reverse transcriptase that is used to generate the 
long cDNA molecules does not discriminate between intact and truncated RNAs.  
 
Alternative reverse transcriptases are available that specifically convert 5’ capped 
mRNAs (i.e. intact RNAs) to cDNA. Using these will reduce the amount of cDNA 
originating from degraded/truncated RNA. However, these transcriptases may 
impact read length depending on your platform so it’s wise to investigate this before 
starting out.

PacBio RNA-Seq
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therefore be assessed on a case-by-case basis. 
This can be done computationally using existing 
RNA-seq data about your sample type. The 
scientific literature is also a useful resource 
here. Otherwise, a good rule of thumb is three 
biological replicates for every condition tested. 
This way, you can still use your data if one of 
the replicates doesn’t work out (and you have 
a reasonable explanation as to why!). Technical 
replicates are important when comparing 
expression or other sequencing data from 
multiple NGS platforms.

Multiplexing 

Most sequencing platforms offer the possibility 
of multiplexing where multiple samples are 
mixed and run together on a single sequencing 
lane. This is made possible by the application 
of sample-specific barcodes during library 
preparation that are short identifying sequences 
that allow you to demultiplex or separate your 
sample data following sequencing. From an 
experimental design point of view, the benefit 
of multiplexing is that it allows a balanced 
block design to mitigate certain risks such as 
PCR artifacts or flow cell effects or defects, 
contributing to greater data quality and 
reducing the risk of losing an entire experiment 
because one sequencing lane may be faulty.

Replicates 

How many replicates to include is a critical 
consideration in most experiments, and RNA-
seq is no exception. Technical replicates test 
the overall technology and workflow, while 
biological replicates can be used to measure 
the significance of a biological observation. 
 
Technical replicates = the same biological 
material is used to generate replicate 
sequencing material, e.g., two or more aliquots 
of E. coli cells from the same culture flask are 
used to generate cDNA and RNA-seq libraries. 
Biological replicates = independent tissue 
or microbial cultures or organisms are used 
to generate sequencing material.RNA-seq is 
usually performed with either of two goals in 
mind: novel transcript discovery or differential 
gene expression analysis. If your goal is purely to 
find new interesting transcripts that you intend 
to follow up in future RNA-seq experiments or 
otherwise, then you might get away without 
running biological replicates. However, if you 
want to compare the effect of treatments or 
conditions on gene expression and be able to 
apply these results to a larger population in a 
meaningful way, biological replicates are a must. 
 
How many replicates you should include will 
depend on the level of biological variation 
expected for your sample type and should 

Short-read RNA-Sequencing is the go-to method for differential gene 
expression analysis as it provides cost-effective and high-quality quantitative 
data that represents entire transcriptomes. Although other platforms exist, 
the vast majority of short-read RNA-seq data held in public databases has 
been generated using Illumina’s short-read sequencing technology.

RNA-Seq 4:
Planning Your Experiment

04
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Sequencing Coverage

In sequencing, coverage or depth refers to the number of unique reads that include a given 
nucleotide in the assembled sequence. When it comes to RNA-seq, read depth – the number of 
times a particular base is sequenced within all the sequenced reads – is often used. In general, 
the higher the read depth, the more confident the user can be about identifying a base although 
read depth is influenced by a range of factors, such as: genome size* (e.g. RNA-seq for E. coli 
will require far fewer reads than RNA-seq for human samples), read length, gene expression 
levels, experimental goals, sequencing error rate, the bioinformatics pipeline/algorithms used 
and others.

Genome size is a complex parameter for RNA-seq since a small genome doesn’t necessarily mean 
a small transcriptome, making it particularly difficult to estimate transcriptome size in previously 
unsequenced organisms.

Detecting low-abundance transcripts (e.g. weakly expressed genes) and splice variants demands 
greater read depth than experiments aimed at getting an overall snapshot of highly expressed 
genes. Another consideration related to read depth is the number of sequencing lanes available/
required on the sequencing instrument. Since each lane typically has a certain read capacity 
per run, the required read depth and number of samples dictate how many sequencing lanes are 
needed.

If you’re starting out in RNA-seq, your sequencing provider/core facility should be able to provide 
guidance on the read depth for your setup. RNA-seq data within the scientific literature for your 
organism/cell type may also be a useful resource when planning a new RNA-seq experiment.



This involves using enzymatic or other means to eliminate RNA species that 
you don’t want present in your sequencing reaction and thus enrich for the 
RNA species you are interested in. This is also related to considerations about 
sequencing depth since once must take into account how many reads in any 
sequencing run are likely to be lost to undesired or unmappable RNA species. 
Ribosomal RNA (rRNA) is a prime offender here, since it makes up about 90 % 
of total RNA preparations, yet it is rarely the focus in RNA-seq experiments. 
Fortunately, rRNA can be removed enzymatically from total RNA extracts 
upstream of cDNA synthesis and library preparation.

NORDIC BIOSITE AB
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Alternatively, if mRNA (which makes up less than 10 % of total RNA) is the main focus, a number 
of mRNA isolation kits – based on the binding of an oligo(dT) probe to the poly(A) tails of mRNA 
molecules – can be employed to selectively isolate mRNA from whole samples or total RNA 
extractions. Dedicated kits and protocols also exist for selective isolation of miRNAs and many 
total RNA kits offer the possibility to separate total RNA into large (mRNA and rRNA) and small 
(miRNA, tRNA) RNA fractions. As a side note, rRNA depletion is recommended as a safer option than 
selective mRNA isolation when sequencing degraded RNA isolates from formalin-fixed paraffin-
embedded (FFPE) samples since the availability of high-quality total RNA is a prerequisite for 
isolation of full-length transcripts when using poly(A) selection methods.

rRNA   is not the only contaminant in RNA-sequencing experiments. In some cases, the 
presence of highly-abundant housekeeping transcripts may reduce the mapping of reads to other, 
more weakly expressed transcripts. A few research groups and vendors have developed methods 
or workflows to either remove unwanted highly-expressed transcripts or analyse sets of low-
abundance targets (directed RNA-seq). Drawbacks of the latter include that they are based on 
sequencing of short PCR amplicons rather than full-length reads and they do not yet cover entire 
transcriptomes.

Enrichment/Depletion
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Reverse transcription of RNA to cDNA can be 
performed using either oligo(dT) primers 
or random hexamers to prime the reverse 
transcriptase. A benefit of using oligo(dT) 
priming is that it is theoretically possible to 
combine poly(A) selection (i.e. mRNA selection) 
and reverse transcription in one step. However, 
enriching for mRNAs in this way carries a few 
drawbacks. 

Firstly, oligo(dT) methods are known to exhibit 
3′ bias, leading to sequencing reads that are 
enriched for the 3′ portion of the transcript. 
Another issue is a phenomenon called internal 
poly(A) priming, whereby oligo(dT) can and 
often primes at internal A-rich sequences 
within transcripts, leading to biased reverse 
transcription.

Random sequence primers or hexamers have 
the benefit of targeting all RNAs without 3’or 
5’ bias, but this also includes the abundant 
and often unwanted rRNA fraction which may 
be problematic unless the workflow includes 
an rRNA removal or target species enrichment 
step. Many cDNA synthesis kits include a 
cocktail containing both oligo(dT) and random 
hexamers. 

 

For many, this can be a good place to start but 
you will still likely need to run some checks find 
the optimal cDNA synthesis method for your 
sample type.

Note: It is not recommended to use oligo(dT) 
for bacterial RNA-seq since bacterial RNA lacks 
the stable poly(A) tails found on eukaryotic 
RNA.

Standard RNA library preparation protocols do 
not retain information about the DNA strand from 
which the RNA strand was transcribed. Having 
such information, often referred to as having 
information about ‘strandedness’ is beneficial 
for many reasons, such as: it facilitates the 
identification of antisense transcripts, allows 
the user to determine the transcribed strand of 
noncoding RNAs, and reveals expression levels 
of coding or non-coding overlapping transcripts. 

Overall, information about strandedness can 
enhance the value of a RNA-seq experiment. 
Nowadays, many vendors offer cDNA synthesis 
kits with specially engineered (template-
switching) reverse transcriptases that allow 
preservation of strandedness and enrich for 
full-length transcripts.

cDNA Synthesis



NORDIC BIOSITE AB

NORDIC BIOSITE AB 20

RNA-seq generates vast amounts of data and when all of this is sorted out and 
boiled down to results, the researcher is usually left with lists and heat maps 
showing transcripts that are expressed, upregulated or downregulated across 
the experimental conditions tested. Exactly how and in what situations this 
data should be validated is a topic of debate among researchers.

The motivation to validate RNA-seq data usually arises  
from the need to answer 2 different questions:

 01.  
   Are the differentially expressed genes really expressed differently in the   
   samples tested i.e. is there technical reproducibility?

 02. Is there biological reproducibility i.e. would these transcripts show the 
   same patterns of differential expression in other similar samples of the 
   same type?

RNA-Seq 5: 
Data Validation

05
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Is There Bias in RNA-Seq Data?

Before we get into this question, let’s take a 
step back in time. Before RNA-seq, microarrays 
were the tool of choice to study the expression 
of larger numbers of genes than was 
convenient with real-time PCR. These assays 
relied on sequence-specific probes to detect 
target genes, and powerful as they were they 
suffered from a major drawback. 

There was a limited number of hybridisation 
probes in any given array, and this could lead 
to bias as the probe may not be representative 
of the transcript as a whole. For these reasons, 

technical validation of microarray data with 
real-time PCR was and still is a critical part of 
data quality control.Then RNA-seq appeared, 
and since it doesn’t rely on probes, it cannot 
exhibit this type of bias. 

For this reason, it is often argued that real-
time PCR validation is not necessary. However, 
the RNA-seq workflow is long with many steps 
(i.e. room for error), the data is complex, and 
other types of bias can arise.

To answer the questions above, let’s think about how reliable the results are 
likely to be after any RNA-seq experiment i.e. is the workflow biased in any way?
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The bias that can occur during RNA-seq usually arises from sample and library preparation, e.g., 
whether you used random hexamers or oligodT primers to prime the reverse transcriptase during 
cDNA synthesis. Bias can also occur during the sequencing reaction itself, e.g., many library 
preparation protocols are inherently biased towards sequences with intermediate GC content, 
potentially leading to an underrepresentation of GC-rich transcripts. 

The sequencing depth affects the sensitivity of RNA-seq and its capacity to detect low-abundance 
transcripts. Even with deep sequencing, low-abundance transcripts may escape detection in 
RNA-seq, and in such situations real-time PCR may have been a better approach. Even if bias 
wasn’t a risk during the wet lab workflow, it may occur during data analysis.

Fortunately, many of the sources of bias described above can either be circumvented by careful 
experimental design or corrected through powerful computation methods. This probably leaves 
you wondering if you need to validate at all? Right now, there are no standard guidelines for 
when or exactly how RNA-seq data should be validated. So let’s look at some of the arguments 
for and against validation.

It’s Difficult to Avoid Bias
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Real-time PCR validation will be critical if you have only performed RNA-seq 
on 1 set of biological samples i.e. when you don’t have a biological replicate. 
Here, you would take a new sample(s) exposed to the same test condition(s)
s as the samples(s) used in RNA-seq, isolate RNA, generate cDNA and perform 
real-time PCR on a selection of the transcripts measured during the RNA-seq 
experiment. There is no rule of thumb about how many genes you should 
validate, but we always recommend validating a set that includes genes that 
exhibited downregulation, upregulation or no significant change.

If you do the above and your results agree with the RNA-seq data, you will 
have answered question two (biological reproducibility). If you choose to 
perform real-time PCR on the same cDNA that you used in RNA-seq, you will 
only answer the first question (assuming you get the same answer!) and this 
won’t be of much value to you since the extremely close correlations between 
real-time PCR and RNA-seq data are well documented. So you may end up 
with two datasets that are very similar, but where both are flawed by biases 
introduced upstream of sequencing/real-time PCR.

Another situation where validation might be useful is when budgeting 
constraints limit you to performing RNA-seq on a portion of the samples/
conditions you want to study. Here, you could use RNA-seq to gather data on 
a number of your samples and conditions, use real-time PCR to validate the 
genes you are interested in, and then perform real-time PCR on additional 
samples of the same type and exposed to the same conditions.

Only if you have used multiple biological replicates (i.e. at least 3) in your 
RNA-seq experiment, and the datasets generated from these replicates are 
in agreement with each other can you consider not validating with real-time 
PCR. However, many high impact journals require real-time PCR validation for 
RNA-seq (and indeed other NGS) data, so you may as well be prepared for this 
when the time comes!

When To Validate

When NOT To Validate
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