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Small RNAs in drug discovery and diagnostics

Small interfering RNAs (siRNAs) have great therapeutic potential

while microRNAs (miRNAs) are important regulators of gene

expression and have numerous applications as biomarkers. Due

to their small size (18-25 nt) the quantitative determination of

these short RNAs (sRNAs) requires sensitive and specific assays

to support pharmacokinetics and biomarker studies.

Two-tailed RT-qPCR for highest sensitivity and specificity in small RNA detection

miRNA isoform and miRNA editing specificity

Two-tailed PCR as a platform for miRNA and siRNA  

quantitation in drug development

The Two-tailed RT-qPCR assay is removing severe limitations in

the quantification of siRNAs and miRNAs: The method has a

high sensitivity (down to ten molecules), a wide dynamic range;

it is highly specific and suitable for sequence variation analysis.

The assay has high multiplexing capability and is compatible

with both, SYBR Green and hydrolysis-based chemistries as

well as with qPCR and digital PCR platforms.

This makes Two-tailed RT-qPCR an optimal method for

determining small RNA levels (miRNA and siRNA) in biomarker

and PK bioanalysis.
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Challenges of small RNA detection

• Short (18-25 nt)

• No common sequences such as poly(A) tail

• Highly variable GC content, modified terminal nucleotides

• Mature sequences can be nearly identical (e.g. let-7 family)

• Sequence of mature miRNA is contained in its precursors

• Terminal sequence heterogeneity (isomiRs)

Figure 1 ׀ Two-tailed RT-qPCR workflow. RT, reverse transcriptase Adapted from (1).

LC-MS and hybridization methods have been the platforms

of choice for sRNA quantitation in PK studies. Profiling of

sRNA abundance by PCR was regarded as challenging,

because the standard approach is to extend the short

RNAs. This typically lowers assay sensitivity and

specificity, as only one of the PCR primers recognizes the

actual RNA sequence.

Two-tailed RT-qPCR (2T-RT-qPCR) overcomes these

issues by employing a reverse transcription (RT) primer

with two hemiprobes that are connected by a hairpin

structure (Fig. 1A). While each hemiprobe is too short to

Figure 3 ׀ 5’-hemiprobe for high specificity. False-positive levels of isoform-
specific Two-tailed RT-qPCR and TaqMan (ThermoFisher) assays on eight let-7
miRNA isoforms. Adapted from (1).

Efficient detection of modified siRNAs

siRNAs with modifications including phosphodiester,

phosphorodithioate, fluoro- and methyl-groups are efficiently

detected and quantified by Two-tailed RT-qPCR, which allows

its application in studies supporting siRNA drug development.

An exemplary Two-tailed siRNA RT-qPCR assay shows a

linear detection range of 8E01 to 8E07 RNA molecules per

reaction.

Figure 4 ׀ Expression and editing levels of miR-379 in human tissues.
Determined using editing-specific Two-tailed RT-qPCR assays. Adapted from (3).

As a mismatch is much more profound in a short hemiprobe, Two-tailed RT-qPCR assays show superior specificity and negligible levels

of unspecific crossreactivity for assay-target pairs differing by only a single nucleotide (Fig. 3). Further, edited and non-edited miRNA

forms can be quantified precisely in human tissues (Fig. 4).
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Watch the Two-
tailed RT-qPCR 
video.

Figure 2 ׀ Comparison of RT-qPCR
methods for miRNA quantification.
(A) Parameters of Two-tailed RT-
qPCR compared to (B) stem-loop RT
priming, (C) adenylation, and (D)
ligation based RT-qPCR methods.
Adapted from (1) and (2).
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When compared with

other RT-qPCR methods

for miRNA quantification,

Two-tailed RT-qPCR

shows highest sensitivity

and specificity (Fig. 2).

The method can detect

both, isomiRs with

nucleotide variations as

well as small RNAs with 3’

modifications.

bind the target sRNA by itself, they can bind cooperatively (Fig 1B). Reverse transcription extends the primer (Fig.

1C), and the cDNA is amplified by qPCR using two target-specific primers, further heightening specificity (Fig. 1D).


