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Introduction
microRNAs (miRNA) are a class of small 
non-coding RNAs typically 21-23 nt 
long found in plants, animals, and 
some viruses (see Figure 1). miRNAs 
play a pivotal role in RNA silencing and 
post-transcriptional regulation of gene 
expression. Discovered in the early 

1990s, miRNA research has revealed (i) 
multiple roles for miRNAs in develop-
ment (ii) disease-associated aberrant 
expression of miRNAs and (iii) the impor-
tance of miRNA in many other biological 
processes.
Next generation sequencing (NGS) tech-

nologies have become a powerful tool 
to study genome-wide miRNA expres-
sion patterns and have helped to iden-
tify disease associations, isoforms of 
miRNAs, and to discover previously 
uncharacterized miRNAs.

Genome-wide Profiling of microRNAs
by Next Generation Sequencing 

Microsynth Competences and Services
Experimental Design: As an expert in 
the area of miRNA-Seq, Microsynth is 
able to provide a one-stop service from 
experimental design consulting up to 
bioinformatics analysis (see Figure 2). 
In case you do not involve Microsynth 
in your experimental design, please con-
sider the importance of the number of 
biological replicates. We usually advise 
including at least 3 biological replicates 
per condition in order to finally obtain 
statistical significance for your differen-
tial miRNA expression analysis.
RNA Isolation: Either you leave it up to 
Microsynth or you use a commercial kit 

to isolate total RNA used for the Illumina 
miRNA-Seq protocol.
Library Preparation and Sequencing: 
Following a quality check of your total 
RNA samples, Microsynth will perform 
miRNA enrichment. Illumina cDNA 
library is generated by reverse-tran-
scription including specific sequenc-
ing adaptors with barcodes. Finally, the 
libraries are pooled and sequenced on 
the Illumina machine. The envisaged 
number of reads per library depends 
on the organism under study and the 
desired sensitivity. The usually required 
number of reads for higher eukary-

otic species (e.g. human, rat, mouse) is 
approx. 5-15 million reads, depending 
on whether complex tissues or unique 
type of cells are analyzed. 
Bioinformatics Analysis: The analysis 
pipeline at Microsynth addresses three 
main questions: (i) what is the distri-
bution of miRNAs and which of them 
are novel, (ii) which pathway is influ-
enced in which way by the miRNAs and 
(iii) which of the miRNAs are differen-
tially expressed. The first step of analy-
sis is based on the sequence data itself. 
In short, sequence data is quality filtered 
and clustered for each condition of the

Figure 1. Typical structure of two precursor miRNAs 

showing the stem loop structure observed in precur-

sor miRNAs (pre-miRNAs). The primary miRNA tran-

script which varies between 500 and 3000 nt is pro-

cessed by RNAse III and the dsRNA binding protein, 

resulting in a 70-80 nt long pre-miRNA. The pre-

miRNA is then actively transported from the nucleus 

to the cytoplasm where it is further processed by 

the protein Dicer resulting in mature 17-23 nt long 

miRNAs.
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experiment. A representative sequence 
of each cluster is then compared against 
the miRBase database using UBLAST to 
identify known miRNAs. Sequence clus-
ters that did not result in a significant 
hit may be regarded as putative novel 
miRNAs (see Figure 3). In the second 
step of the analysis the quality filtered 
reads are mapped against the refer-
ence genome using STAR. Then, HOMER 
is used to find miRNA peaks and motifs 
and to exhaustively annotate them (see 
Figure 4). However, this in-depth anno-
tation is only supported for a limited 
set of model organisms (e.g. human, 
mouse, zebra-fish). Finally, differen-
tially expressed miRNAs are found using 
DESeq2 (see Figures 5 - 6).

Examples for the Most Important Output Files Provided by Microsynth

Figure 3. Exemplary extract of the comparison of cluster representative sequence (query id) against the miRBase database (subject id) using UBLAST. Clusters that 

show no significant blast hit can be regarded as putative novel miRNAs.

Figure 4. Exemplary extract of the de-novo motif search results. Given the p-value and the false discovery rate, motif 5 (*) is rated as putative false positive motif. 

Additionally total target and background sequences are listed and links to known motifs are provided if present (not shown).

Small RNA Analysis

Project Output:

Serum
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Small RNA Library Preparation

Illumina NextSeq Sequencing
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Figure 2. Microsynths workflow for small RNA projects. The workflow can be entered and exited at different 

points depending on customer requirements.
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Figure 5. Exemplary extract of differentially expressed miRNAs depicting their distribution (boxplots) and 

listing their corresponding statistics.

Figure 6. Differential miRNA expression for three 

different experimental conditions, whereby each 

condition includes three replicates. The expression 

data was submitted to principal component analy-

sis (PCA) to show differences among replicates and 

conditions.


