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Next-Generation Sequencing Evaluation 
of QIAseq miRNA-derived Libraries on the 
G4™ Sequencing Platform 

A P P L I C AT I O N N OT E

• Rapid, accurate, and sensitive miRNA analysis using the QIAseq miRNA Library Prep Kit and the G4 
Platform.

• Scalable sequencing of QIAseq miRNA libraries with the G4 Platform.
• Seamless integration with QIAGEN GeneGlobe Data Analysis Portal, yielding results that are highly 

correlated with those from the market leading next-generation sequencing (NGS) platform.
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Introduction
MicroRNAs (miRNAs) are a key player in nearly all normal 
and disease-related biological pathways and are a promising 
liquid-biopsy compatible biomarker type owing to their 
robust and stable expression in cell-free DNA and other 
biofluids. Next-generation sequencing (NGS) has emerged 
as a leading method for the analysis of miRNAs owing to its 
high sensitivity, precision, and ability to discriminate subtle 
but biologically relevant differences in miRNA abundance 
across healthy and disease samples. However, the short 
~22nt length of miRNAs poses challenges for NGS library 
preparation and sequencing. 

In this application note, we demonstrate the use of the 
QIAseq miRNA Library Prep Kit (QIAGEN) in combination 
with the Singular Genomics G4 Sequencing Platform for the 
analysis of human miRNA. We demonstrate high sensitivity 
and accuracy of the combination, with seamless integration 
of G4 sequencing data into the QIAGEN GeneGlobe Data 
Analysis Portal.

G4 Specifications for 
miRNA-Seq
The G4 Sequencing Platform is a highly versatile benchtop 
sequencer that is well-suited for demanding miRNA-Seq 
applications. The G4 Platform leverages a novel 4-color Rapid 
sequencing by synthesis (SBS) chemistry to deliver highly 
accurate reads (single or paired-read format with optional 
index reads) with a single-day turnaround for miRNA-seq 
experiments. 

The G4 Platform outputs FASTQ format files that integrate 
seamlessly with existing bioinformatics tools. Users may 
elect to automatically demultiplex samples on-instrument via 
sample indices provided by a sample sheet or off-instrument 
using the Singular Genomics rapid demultiplexing tool.

More information about G4 specifications, such as run time, 
accuracy, and quality metrics, can be found on the Singular 
Genomics website.
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Methods 

miRNA Library Preparation and Sequencing 
The QIAseq miRNA Library Kit (QIAGEN) was used to 
prepare miRNA NGS libraries from 100 ng aliquots of 
XpressRef Human Universal Total RNA (QIAGEN). In total, 11 
technical replicates were performed. The cDNA from each 
replicate was split into two aliquots for Illumina® or Singular 
Genomics library preparation. Illumina libraries were prepared 
using the QIAseq miRNA 12 Index Kit IL UDI (QIAGEN) to 
introduce unique dual indexes (UDIs) and Illumina flow 
cell binding sequences to the QIAseq libraries via PCR. 
Singular Genomics libraries were prepared using Singular 
Genomics UDI primers (Singular Genomics, Part #700135). 
Sequencing was carried out using the Illumina MiSeq and 
Singular Genomics G4 Platform, following the corresponding 
vendor’s recommendation for library dilution and flow cell 
seeding concentration. The sequencing format was set to a 
single read of 72bp, plus dual index reads of 8bp or 12bp, for 
Illumina and Singular Genomics respectively. In total, Illumina 
libraries were sequenced to an average of 1.3M reads depth, 
while the G4 libraries were sequenced to an average of 16M 
and 21M reads depth, replicate 1 and 2 respectively.

Analysis
G4 and MiSeq derived FASTQ files were directly analyzed 
using the GeneGlobe Data Analysis Portal (QIAGEN). During 
analysis, trimmed reads are sequentially aligned to a variety 
of RNA categories (miRBase mature, miRBase hairpin, 
piRNA, tRNA, rRNA, mRNA and otherRNA) using bowtie. 
Once a read is aligned, it cannot be aligned to a second 
category. For reads that were not aligned in the first round, a 
second mapping to miRBase mature occurs, where up to two 
mismatches are tolerated. miRBase v21 was used for
the miRNA reference. Once all reads assigned to a particular 
RNA biotype are counted, the associated UMIs are clustered 
to count unique molecules of each RNA, then the total 
miRNA unique molecular index (UMI) count are used to 
normalize miRNA abundance. 

Results 

Mapping Metrics: G4 Platform vs. MiSeq
The GeneGlobe Data Analysis Portal provides an overview of 
trimming and mapping statistics for each library analyzed in 
the study, indicating a breakdown of the abundance of major 
short RNA biotypes (Figure 1). Results from each platform 
are nearly indistinguishable across the 11 replicates with 
respect to estimated biotype abundance, miRNA mapping 
rate, and the frequency of unde-sired products (no_adapter_
reads, too_short_reads, UMI_defective_reads, notCharacter-
ized_notMappable). The G4 shows a modestly higher miRNA 
mapping percentage (70% vs 67, G4 vs MiSeq), potentially 
relevant to the analysis of more challenging samples such as 
cell-free DNA.

miRNA Quantiation for the G4 Platform and MiSeq
An average of 426 miRNAs were detected on both G4 and 
Illumina MiSeq. Once normalized and averaged across the 
eleven replicates, the shared miRNA abundance values 
were log2 transformed, then represented via scatterplot 
(Figure 2). Abundance values are nearly iden-tical across 
platforms (Pearson’s correlation = 0.9959), indicating that the 
sequencing data from each platform are highly comparable.
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Figure 1 GeneGlobe Data Analysis Portal mapping metrics for QIAseq miRNA libraries prepared from XpressRef Universal RNA and sequenced 
on the G4 and MiSeq NGS systems. Number indicates library preparation replicate.

Figure 2 Scatterplot 
results of 426 miRNA 
detected by both 
the G4 and Illumina 
MiSeq NGS systems. 
Results represent 
the normalized, log2 
transformed mean UMI 
count across the eleven 
replicates sequenced for 
each sample.
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Technical Reproducibility Analysis of the G4 Platform 
To assess run-to-run sequencing reproducibility, technical 
replicate G4 sequencing runs were performed using the 
same set of eleven QIAseq miRNA XpressRef libraries, again 
using the GeneGlobe Data Analysis Portal to obtain trimming 
and mapping statistics. Between the two runs, results 
from the eleven libraries are of reproducibly high quality as 
indicated by the miRNA mapping percentage and frequency 
of undesired reads (mean 70.48% and 16.92%, respectively, 
Figure 3). An average of 747 miRNAs were shared across 
replicates, higher than the number of shared species in the 
cross-platform comparison, a figure driven by the higher 
sequencing read depth for the technical replicates compared 
to the cross-platform comparison. Correlation analysis of 
log2 normalized mean UMI counts per miRNA indicated very 
high reproducibility (Pearson’s correlation =  0.9932, Figure 
4). Of note, the correlation across technical replicates is 
nearly identical to the correlation between G4 and MiSeq, 
underscoring the similarity of the data produced by each 
platform.
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Figure 3 GeneGlobe Data Analysis Portal mapping metrics for QIAseq miRNA libraries prepared from XpressRef Universal RNA and sequenced 
on two G4 runs. Run one is designated by R1, run two is designated by R2, and each library replicate is designated as 1 through 11. 

Figure 4 Average expression of 747 miRNA shared across G4 
technical replicates. Results represent the Log2 normalized mean 
UMI count across the eleven replicates. 

Log2 Normalized Avg UMIs - G4 Run 1

Lo
g2

 N
or

m
al

iz
ed

 A
vg

 U
M

Is
 - 

G
4 

Ru
n 

2

-2.E+01 -2.E+01 -1.E+01

R2 = 0.9932

-3.E+01 -5.E+00

-5.E+00

-1.E+01

-2.E+01

-2.E+01

-3.E+01

0.E+00
0.E+00

Conclusion 
These results demonstrate highly accurate and reproducible 
miRNA analysis using the G4 Platform and the QIAseq miRNA 
Library Prep Kit, yielding results nearly identical to those from 
the Illumina MiSeq platform. Importantly, the G4 fastq file 
output integrated seamlessly with the QIAGEN GenGlobe 
Analysis Portal, thereby enabling multifaceted miRNA 
analysis without need for bioinformatics customization. 

In summary, the G4 Platform is a plug-and-play solution for 
miRNA-seq analysis with respect to both library preparation 
and downstream analysis. The unique flow cell flexibility and 
unmatched run times of the G4 offer labs the ability to scale 
operations to match demand, all while minimizing turnaround 
time and cost.  
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Begin Your Journey with Singular Genomics
Contact us to learn more about the capabilites of the G4 Sequencing Platform 

Website: www.singulargenomics.com 
Email:  care@singulargenomics.com
Call:  +1 442-SG-CARES (442-742-2737)
Address: 3010 Science Park Rd, San Diego, CA 92121

Contact QIAGEN
Learn more about the QIAseq miRNA Library Prep Kit and GeneGlobe Data Analysis Portal

Website: www.qiagen.com
Email: customercare-us@qiagen.com
Call:  +1 800-426-8157
Address: 19300 Germantown Road, Germantown, MD 20874
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