Letter to Editor

The Necessity of Using Strand-Specific cDNA for Achieving
Accurate Transcriptome Analysis Result

Dear Editor,

The importance of transcriptome analysis results due to their
critical roles in genome annotation and subsequently progression
in prevention, prognosis, diagnosis, and treatment of disease,
led us on sharing our concern about the accuracy level of
these existent data and meta-analysis on them. Transcriptome
analysis, especially RNA sequencing (RNA-seq), has
increasingly provided new insights for understanding gene
structure, expression, and regulation and has been developed in
some methodology.[*! There are regions in the genome (nearly
10% of the human genome loci) that produce both coding and
noncoding isoforms that are called bifunctional RNAs and
were confirmed and annotated by NCBI. The balance between
noncoding and coding RNAs levels are affected by both
physiologic process like development stages and differentiation
and also environmental factors such as drug, physical or
chemical agent or viral, bacterial or fungal pathogens.
Moreover, information in antisense transcripts plays important
role in transcriptome profiling according to their critical roles
in biological functions, as well as, by affecting accurately
quantifying sense gene expression, particularly for genes with
the overlapping loci and opposite direction of transcription.
Therefore, discrimination between coding and noncoding
isoforms is crucial to prevent misinterpretation of RNA-Seq
data.

Comparative evaluations have shown that according to used
protocol for cDNA library preparation, sometimes different
results are obtained from the same samples. Strand information
is vital to analysis transcriptome and if cDNA libraries are
prepared by nonstrand-specific method, all overlapped sense
and antisense strands including coding and noncoding RNA
will get quantified as a “sense” signal, then distinguish between
antisense and novel RNA species (for example LncRNA)
remains problematic and can lead to inaccurate evaluation of
sense RNA expression level .24

To deal with this problem, some approaches are developed
including attaching various adapters to the 5" and 3’ ends
of the RNA molecules, bisulfite treatment, incorporating
Deoxyuridine triphosphate (dUTP) into the second strand of
c¢DNA and adding adapters to fragmented RNA. Despite the
advantages and disadvantages of these methods, commercial
directional RNA-Seq library preparation protocols utilized
them.>®) However, different strand-specific protocols have
represented different results in genome annotation and
expression profiling as well.l” and both strand-specific and
nonstrand methods are used frequently. Altogether, these
facts can hazardously impact on the results of interpretation

of meta-transcriptomic data which performed on studies with
different preparation methods.™

According to our literature search, unfortunately, most
meta-analysis studies on high throughput transcriptomics did
not notice to this bias, so their results can be controversial.
Therefore, there is an urgency to standardize data from
different studies and notice the type of used library
preparation protocol (strand-specific or nonstrand-specific
RNA sequencing) before comparison to obtain accurate results.
Although quantitative real-time reverse transcription PCR can
be used to validate transcript abundance, the bias introduced
at this stage has not been sufficiently addressed.®

Indeed, it is thought that priming of reverse transcription
using gene-specific primer for a specific transcript leads to the
production of cDNA from only that required RNA template
and guarantees the specificity of the signal in subsequent PCR
amplification. However, studies have shown that cDNA can
be synthesis without adding an exogenous primer due to the
self-priming properties of the 3’ end of RNA template” and
lead to the production of nonspecific cDNAs via a phenomenon
term as priming background.!'” Primer-independent cDNA
synthesis impairs the quantitative analysis of bidirectional
transcripts when both strands are co-expressed in eukaryotes
and cells infected with RNA viruses as well.”? On the other
hand, background priming not only interferes with the accurate
evaluation of specific transcripts, but also prevents correct
measurement of the effectiveness of knockdown during RNA
interference (RNAI) investigations to reduce the function of
particular transcripts.['!]

Many methods were developed to overcome this problem,
including RNase-H-mediated digestion of nontarget RNA
strand, adding DMSO to RT reaction, using the thermostable
reverse transcriptase, performing RT at a higher extension
temperature, utilizing reverse transcriptase with RNase-H
activity, the insertion of extra tags to RT primers and then
detection of tagged cDNAs, altering the primer-specific
cDNA’s sequence, using Exonuclease-I to break down
unused RT primers, purification of cDNA produced with
biotinylated primers and denaturing cDNA-cDNA duplexes
during biotinylated cDNA enrichment. However, each of
these methods alone has not been very successful to detect
the strand-specific cDNAs, and the few combinations of
these methods have shown success with varying degrees.!'!]
Altogether, this evidence indicates the urgency of determining
standard pipelines for transcriptome analysis in order to increase
accuracy of expression profiling to ensure reproducibility of
results across libraries and sequencing technologies.
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