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Abstract

MicroRNAs (miRNA) are 18-22 nucleotide-long non-coding RNAs which play an important role in regulation 
of protein expression involved in many cellular processes. Many recent clinical research studies have 
proposed using miRNAs biomarkers because of their high stability and relatively abundant presence in 
body fluids. Plasma, serum, and urine are frequently used sample types because they are easy to obtain. 
Therefore, it is important to develop and optimize a standard protocol to generate miRNA libraries from 
human biofluids to accelerate clinical research. miRNA profiling from plasma, serum, and urine samples 
can be successfully performed using the NEXTFLEX® Small RNA Sequencing kit v3. The miRNA profile from 
biofluids includes abundant YRNA and tRNA fragments. Using the NEXTFLEX® tRNA/YRNA blockers, the 
formation of YRNA and tRNA products in the libraries is reduced, and consequently the proportion of 
miRNA sequencing reads is increased. 
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Introduction

MicroRNA profiling is increasingly used as a tool to study 
potential biomarkers1-3. miRNA profiling offers many advantages 
for biomarker discovery, including the relative stability of miRNAs 
in comparison to other biological molecules, the relatively small 
number of known or predicted-to-be-significant miRNAs, and 
the relatively small amount of material needed for small RNA 
profiling. Thus, miRNA profiling offers distinct advantages for 
biomarker discovery, where the starting material is often limited 
and of poor quality. 

Due to the relative ease of obtaining human plasma and serum, 
the biological molecules obtained from them are a popular 
target for biomarker discovery. Profiling of small RNAs in human 
plasma and serum has led to the discovery of many promising 
biomarkers or biomarker profiles4-6. Urine is even easier to 
obtain than blood and is thought to have high potential for the 
identification of biomarkers for different disorders. 

Next generation sequencing is advantageous for small RNA 
profiling because a large number of samples can be interrogated 
on a single sequencing run, as opposed to the large number 
of microarrays or qPCR reactions that would be needed to 
sequence the same number of samples to a similar depth. 

Including blockers against YRNA and tRNA in the library 
preparation process can increase miRNA sequencing reads. 
YRNAs are small (84-112 nt) RNAs with poorly characterized 
functions. Abundant YRNA fragments have previously been 
detected in human plasma and serum samples8,9. In the 
human genome, YRNAs are coded in 4 YRNA genes (hYRNA 
1, hYRNA 3, hYRNA 4, and hYRNA 5) and approximately 1000 

Results

Extraction of RNA from biofluids 

Total RNA was extracted from the plasma from four 
individuals obtained from a commercial vendor using 
a commercially available isolation kit according to the 
manufacturer's instructions. 

The amount of RNA isolated from 200 µL of plasma varied 
greatly, with yields ranging from 4 to 25 ng. Platelet-rich 
plasma samples (A and B) contained more RNA than the 
platelet-poor plasma (C and D) (Figure 1A). To test the effect 
of freeze-thaw cycles on RNA yield, an equal volume of the 
same aliquot of plasma was used for extraction on multiple 
days. An inverse correlation between freeze-thaw cycles and 
RNA yield was observed (Figure 1B); thus, we recommend 
minimizing plasma freeze-thaw cycles.

Urine RNA was isolated from 10 mL of urine samples from 
3 individuals using a urine exosome RNA isolation kit from a 
commercial vendor, following the manufacturer’s instruction. 

For serum RNA isolation, Nextprep® Magnazol™ cfRNA isolation 
kit (PerkinElmer®) was used. The Magnazol™ reagent allows for 
a higher plasma or serum input volume than other commercially 
available phenol-based RNA isolation reagents. Also, the 
magnetic beads used in the Magnazol™ reagent replace time-
consuming centrifugation steps for RNA precipitation. Serum 
RNA was prepared from 1.2 mL of 3 different serum samples, 
and 10-16 ng of RNA were isolated.

pseudogenes derived from the 4 YRNA genes. The majority 
of YRNA fragments appear to be derived from the 5’ end of 
the YRNA 4 gene and its pseudogenes8. Interestingly, tRNA 
fragments detected from human plasma and serum samples 
are also derived from the 5’ end of various tRNAs. YRNA and 
tRNA fragments in plasma and serum may have unexplored 
roles as diagnostic markers. However, for a researcher interested 
primarily in miRNA, they are a contaminant that reduces the 
relative number of reads mapping to their RNA species of 
interest. Thus, a strategy to reduce the formation of library 
products from YRNA and tRNA fragments is useful.

Ligation bias is one of the biggest problems that needs to be 
overcome with small RNA sequencing. One of the consequences 
of ligation bias is that some miRNAs are effectively undetectable, 
even if they are well expressed in the starting material, due 
to bias against efficient ligation of these miRNAs and bias 
from a few miRNAs which sequester most of the sequencing 
reads owing to a significantly higher ligation efficiency. The 
NEXTFLEX® Small RNA Sequencing Kit v3 uses adapters with 
randomized bases that excel at reducing ligase-associated bias, 
resulting in detection of miRNAs that may be undetectable using 
adapters that do not contain random bases. Reduction of  
ligase-associated bias also allows detection of many more 
miRNAs at the same sequencing depth. Thus, the use of the 
NEXTFLEX® Small RNA Sequencing Kit v3 offers clear benefits 
for biomarker discovery research, as it allows the detection of a 
greater number of small RNAs than other kits may and has been 
shown to detect small RNAs that other kits may not. 



3

Preparation of plasma small RNA sequencing libraries 

The NEXTFLEX® Small RNA Sequencing kit v3 was used to prepare sequencing libraries from the 4 ng of total RNA isolated 
from plasma. A 1/4 dilution of 3’ and 5’ adapters was used in library preparation, with 25 cycles of PCR. Another of the key 
advantages of the NEXTFLEX® Small RNA Seq kit v3 is the enhanced adapter-dimer reduction technology incorporated into the 
kit, which allows low RNA input compatibility. Following the PCR step in library preparation, the libraries were analyzed. This 
analysis showed 3 major products at approximately 130 bp, 150 bp, and 160 bp, and a peak representing the PCR primers at 
approximately 65 bp (Figure 2A). The products at approximately 130 bp and 150 bp were expected as products representing 
adapter-dimers and miRNA, respectively, but the product at approximately 160 bp was unexpected. Larger peaks (above 200 bp) 
usually seen in libraries generated from cell or tissue total RNA were not seen. 

In majority of cases, the gel-free method could reliably be used to generate small RNA libraries from platelet-rich plasma samples 
(data not shown). 
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Figure 1. (A) The average RNA amounts isolated from 4 different individual samples (A, B, C and D). The error bars indicate standard deviation. (B) The amount of 
RNA isolated from sample A at 3 time points from a single stock.

Figure 2. (A) Representative electropherogram profile of 4 libraries from plasma RNA of 4 different individual 
samples. Although the same amount of RNA was used as input, the yield of libraries had substantial variation as 
expected. (B) Reads annotated to miRNA, YRNA, and tRNA. The majority of reads were annotated to YRNA 
and miRNA.
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YRNA fragments in plasma small RNA libraries

Published literature indicates that the peak at approximately 
160 bp was likely to represent either tRNA or YRNA 
fragments. To determine the origin of the approximately 160 
bp products, both the approximately 150 bp and 160 bp 
products were isolated from a PAGE gel and sequenced on 
an Illumina® MiSeq® platform. The sequencing reads were 
processed to remove the adapter sequences and the 4 random 
bases at either end of the insert. The reads were then mapped 
to miRNA, YRNA, and tRNA. Among processed reads, 21-35% 
were annotated to miRNA and 21-65% were annotated to 
YRNA (Figure 2B). Most reads mapped to YRNA were derived 
from the 5’ end of the hYRNA 4 gene and its pseudogenes 
(90-97%). Contrary to published results8,9, fewer than 3% of 
reads mapped to tRNA. 

Complementary oligonucleotides were annealed to the YRNA 
fragments prior to the ligation steps of library preparation 

tRNA fragments of urine small RNA sequencing libraries

Libraries were prepared from total RNA isolated from urine 
using the NEXTFLEX® Small RNA Sequencing kit v3. The 
quantity of isolated RNA was too small to be measured using 
a Thermo Fisher® Qubit™ fluorometer. For library preparation, 
all the isolated urine RNA was concentrated to less than 10 
µL total volume. Library preparation was performed using 
the same method employed to generate the plasma libraries. 
Because of a large amount of adapter dimer, products of 
~150 bp were cut and eluted from PAGE gel. Then, the 
libraries were analyzed. This analysis showed 2 major peaks at 
approximately 150bp and 160 bp (Figure 4A).  The gel-eluted 
libraries were sequenced on an Illumina® MiSeq® platform, and 
then the sequencing data was trimmed and processed. 

As opposed to plasma small RNA libraries, in urine libraries, 
tRNA fragments occupied more reads (19.9-36.7%) than 
YRNA fragments (0.8-2.5%) (Figure 4C). Further analysis of 

in an attempt to reduce the efficiency at which YRNA ligated 
to the 3’ and/or 5’ adapters, thus reducing representation of 
YRNA products in final libraries. To test this strategy, libraries 
were prepared from total RNA isolated from plasma from two 
individuals, either with (Figure 3A, blue line) or without (Figure 
3A, red line) the addition of the YRNA blocker. Use of the YRNA 
blocker greatly decreased the band of approximately 160 bp on 
the electropherogram traces and reduced the number of reads 
mapping to YRNA from 53.3% and 65.1% to 11.82% and 8.2%, 
respectively. This decrease in the number of reads mapping to 
YRNA was accompanied by an increase of reads mapping to 
miRNA, from 35.1% and 27.8% to 65.7% and 77.1% (Figure 
3B). Thus, the YRNA blocker strategy was successful in reducing 
the formation of YRNA products and consequently increasing the 
proportion of reads mapping to miRNA.

the reads mapping to tRNA showed that majority those reads 
(92-98%) were derived from the 5’ sequence of tRNA-Gly and 
tRNA-Glu. To reduce reads mapped to tRNA, the same principle 
was applied as with the YRNA blocker. Even though over 60 
genes encode tRNA-Gly and tRNA-Glu, the correct combination of 
just a few oligonucleotides covers most of the sequences mapped 
to tRNA and were mixed for use as blockers, with consideration 
to the ratio present in the sequencing reads. Addition of tRNA 
blocker decreased the 160 bp peaks, confirming that the majority 
of 160 bp reads originated from tRNA fragments (Figure 4B). 
The addition of tRNA blocker also reduced the reads mapped to 
tRNA to 4.5-6.8 %, while increasing the reads mapped to miRNA 
from 10.8-13.8 % to 13.0-15.7 %. The tRNA blocker reduces the 
formation of tRNA products and increases the proportion of reads 
mapping to miRNA (Figure 4C). 

0

20

40

60

80

100

A A +YRNA
blocker

B B +YRNA
blocker

tRNA

YRNA

miRNA

Figure 3
Percentage of reads 
annotated to different RNAs

150 bp 160 bp(A)

(B)

0

20

40

60

80

100

A A +YRNA
blocker

B B +YRNA
blocker

tRNA

YRNA

miRNA

Figure 3
Percentage of reads 
annotated to different RNAs

150 bp 160 bp(A)

(B)

(A) (B)

Figure 3. (A) Representative electropherogram profile of libraries of sample A’s plasma after gel 
elution. The blue line represents sample without YRNA blocker and red line represents sample 
with YRNA blocker. With YRNA blocker, the 160 bp peak was not observed. (B) Reads an-
notated to miRNA, YRNA, and tRNA. Addition of YRNA blocker led to a decrease of reads 
annotated to YRNA and increase of reads annotated to miRNA.
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In order to determine whether adding both YRNA and tRNA 
blockers interferes with each blockers ability to reduce either 
YRNA and tRNA reads, both YRNA and tRNA blockers were 
combined and used in the preparation of serum small RNA 
libraries. The addition of YRNA and tRNA blockers consistently 
reduced the approximately 160 bp product (Figure 5B) and reads 
annotated to YRNA and tRNA, while the miRNA reads increased 
from 21-26 % to 47-51% (Figure 5C). The results indicate that 
adding both YRNA and tRNA blockers does not interfere with 
their respective ability to reduce YRNA and tRNA reads. 

tRNA fragments of urine small RNA sequencing libraries

The NEXTFLEX® Small RNA Sequencing kit v3 was used to 
prepare sequencing libraries from 5-8 ng of total RNA that were 
isolated from serum using the same method used for plasma 
and urine small RNA libraries. As in previous biofluid samples, 
we observed 3 major products at approximately 130 bp, 150 
bp, and 160 bp (Figure 5A). Both the approximately 150 bp and 
160 bp products were isolated from a PAGE gel and sequenced 
on an Illumina® MiSeq® platform, and then the sequencing data 
were trimmed and processed. Interestingly, serum small RNA 
libraries contained more tRNA fragments (32-43 %) than YRNA 
fragments (7-14 %) than expected (Figure 5C). 
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Figure 4. (A) A Representative electropherogram profile of libraries from urine RNA 
from 3 different individual samples after gel elution. (B) Representative electro-
pherogram profile of libraries from urine RNA from 3 different individual samples 
with addition of tRNA blockers after gel elution. (C) Reads annotated to miRNA, 
YRNA, and tRNA. Addition of tRNA blocker led to a decrease of reads annotated to 
tRNA and increase of reads annotated to miRNA.

Figure 5. (A) Representative electropherogram profile of libraries from serum RNA from 
3 different individual samples after gel elution. (B) Representative electropherogram 
profile of libraries from serum RNA from 3 different individual samples with addition of 
tRNA and YRNA blockers after gel elution. (C) Reads annotated to miRNA, YRNA, 
and tRNA. Addition of tRNA and YRNA blockers led to a decrease of reads annotated to 
tRNA and YRNA, and consequent increase of reads annotated to miRNA.
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Discussion

Due to the many advantages of using small RNAs as biomarkers, and the relative abundance and ease of access to plasma, serum, and 
urine, small RNA sequencing from these biofluids is a rapidly growing research tool for biomarker discovery. The NEXTFLEX® Small RNA 
Sequencing Kit v3 provides two main advantages for the discovery of biomarkers from plasma and other biofluids:

1. Reduction of bias, allowing higher discovery rates and increasing the chances of biomarker discovery.

2. Enhanced adapter-dimer reduction, allowing preparation of sequencing libraries from samples of limited available inputs or when 
processing smaller biopsy samples.

Abundant representation of YRNA and tRNA fragments was seen in all libraries prepared from human biofluids, although the relative 
amount varied between samples. The addition of an YRNA and tRNA blocking strategy reduced the relative number of YRNA and tRNA 
reads in sequencing libraries and increased the relative number of reads mapping to miRNAs. This is advantageous, as it allows lower 
sequencing cost and/or increased sequencing depth, increasing the efficiency of biomarker discovery. 

In conclusion, the NEXTFLEX® Small RNA-Seq kit v3 is ideal for preparing libraries for identification of biomarkers in biofluids. The use 
of a patented and patent-pending strategy for ligation bias mitigation and tRNA/YRNA blockers to reduce abundant RNA fragments 
increases the proportion of reads mapping to miRNAs to aid researchers investigating this interesting RNA species in the context 
biomarker discovery relevant in diverse clinical research applications.
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