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Small  RNA Sequencing of Plasma Exosomes Collected 
on Heparin:  Quality and Quantity Challenges

INTRODUCTION

Several blood collection tubes with anticoagulants are used to separate 

blood and collect plasma. Potassium EDTA, heparin and citrate are the most 

commonly used type of blood collection devices1. The selection of appropri-

ate blood collection tube is important as some of these anticoagulants may 

interfere with the downstream processing of the sample. Heparin is one such 

anticoagulant, which is co-purified during RNA/DNA extractions, and it inter-

feres with the reverse transcriptase as well as the Taq DNA polymerase2,3. This 

makes the RNA/DNA extracted from plasma collected using heparin tubes 

unusable for PCR based applications including sequencing. Treating the 

extracted DNA/RNA with Heparinase can degrade the heparin, which allows 

the DNA/RNA to be able to be used for further downstream processing such 

as sequencing3.  

Sequencing of the RNA extracted from the bio-fluids has gained interest in 

the recent years due to its application as non-invasive biomarker to an under-

lying disease condition. Exosomal small RNA sequencing gives even better 

understanding of the disease conditions as the RNA profiles are more specific 

to cell-cell communication and transmission of disease4. However, extraction 

of Exosomal RNA can yield RNA in the pico gram range. The presence of 

heparin in this minute amount of exosomal RNA pose an obstacle in molec-

ular downstream applications, including NGS. Combining efficient sample 

extraction together with robust heparin removal can render these samples 

sequencable. Here, we present a study on successful small RNA sequencing 

from RNA extracted from plasma exosomes collected on heparin.
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MATERIALS AND METHODS

Plasma Preparation and RNA Extraction

Plasma from three donors separated from whole blood collected on sodium heparin were purchased from Zenbio Inc. (Cat# SER-PLE-

10ML). The plasma was aliquot in to 500uL volumes and were stored at -70 ºC upon arrival until further use. For exosomal RNA ex-

traction, first, the plasma was thawed and centrifuged at 425g for 2 minutes to obtain cell free plasma. Exosomal RNA was extracted 

from all the three donor samples using Norgen’s Plasma/Serum Exosome Purification and RNA Isolation Mini Kit (Cat. 58300) and the 

RNA analyzed on an RNA 6000 Pico chip using Agilent 2100 Bioanalyzer System (Agilent Technologies, USA).

Removal of Heparin from Exosomal RNA 

Heparinase treatment method as described by Kondratov et. al., was used where, 20μL RNA sample was mixed with 20μL of Hepari-

nase working solution (0.085 IU/mL of Heparinase I (Sigma-Aldrich; Cat# H2519), 2000 units/mL of RiboLock RNase Inhibitor (Life Tech-

nologies; Cat# EO0381), 10 mmol/L Tris HCl pH 7.5, 2 mmol/L CaCl2, 25 mmol/L NaCl) and incubated at 25°C for 3 h3. The RNA was stored 

at -80 ºC until further use and were used directly for small RNA sequencing.

Small RNA Library Preparation and Sequencing  

Small RNA library was constructed from all the exosomal RNA samples using Norgen’s Small RNA Library Prep Kit for Illumina (Cat. 

63600). The libraries were quantified on the High Sensitivity DNA Analysis Chip using the Agilent 2100 Bioanalyzer System (Agilent 

Technologies, USA). All the libraries were diluted to 4nM concentration, pooled and sequenced on the Illumina NextSeq 550 platform 

using the NextSeq 500/550 High Output Kit v2.5 (75 cycles). Fifty cycles were used for the sequencing run.

Reads Processing and Analysis  

Fastqc (version 0.11.9) and Multiqc (version 1.12) were used to perform quality check of sequences. Analysis of the small RNA sequences 

was done using exceRpt Pipeline (Version 4.6.2) with the hg38 database (GRCh38.p13). The raw read counts obtained were normalized 

by calculating the reads per million (RPM) values. 

RESULTS AND DISCUSSION

With the increase in the use of the liquid biopsies as a non-invasive tool for disease diagnosis and progression, the demand for the use 

of plasma collected on multiple types of devices is increasing. The downstream processing of the nucleic acids, especially RNA from 

the plasma separated on sodium heparin tubes has shown importance as heparin tubes are one of the commonly used blood collec-

tion tubes. The current study was focused on the small RNA sequencing of heparinase treated exosomal RNA extracted from plasma 

collected on heparin tubes. 

RNA Characteristics, Read Alignment and Biotype Distribution  

As per the Agilent 2100 Bioanalyzer data, the average exosomal 

RNA yield obtained from 200µl heparin plasma was 6.68 ng at an 

average concentration of 323 pg/µl (min - 298pg/µl; max – 351 pg/

µl) and RIN values for each sample was between 2.5 and 2.6. The 

typical RNA yield from exosomes was similar to the RNA yield re-

ported by Huang and group5. Amongst the three samples, a total of 

41.5 million reads were generated, out of which 9.17 million (22.10%) 

were short reads, 0.76 million (1.84%) were without adapter, 0.28 

(0.67%) million were rRNA, 0.07 million (0.18%) were UniVec con-

taminants and 31.2 million (75.19%) reads passed initial QC and were 

able to be used for alignment (Figure 1).
Figure 1. Distribution of input reads alignment from three exosomal 
RNA samples.
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The average reads from the three-heparin plasma samples ob-

tained after adapter trimming and quality filtering was 10.51 ± 1.76 

million and that was comparable with the same study5. Approxi-

mately 0.9% reads were mapped to rRNA sequences and were thus 

excluded from further analysis. The highest number of reads were 

assigned to tRNA (37.1%), which was lower as compared to what 

was reported in a serum exosome study by Tang et. al., where they 

found 54.3% reads mapping to tRNA. The same group was able 

to map only 4.3% reads to the miRNA, which is similar to what we 

observed in our study (6%)6.

The average number of reads that were mappable to the human 

genome were 1.49 ± 0.29 million. Out of all the reads mapped to 

genome, the average microRNA reads were 6.5%, 37.1% tRNA, 2.4% 

circular RNA, 0.15% lincRNA, 0.32% piRNA. The counts for snRNA, 

snoRNA, and scaRNA were very low while there were 0% reads 

for MtRNA and sRNA. The distribution of the RNA species with 

average reads is shown in figure 2.. The total number of miRNA 

detected was in the range of 146-204. Furthermore the analysis for 

miRNA abundance revealed that hsa-miR-26a-5p, hsa-miR-486-

5p, hsa-miR-191-5p, hsa-miR-92a-3p and has-let-7f-5p were the 

most abundant small RNA species which was similar to the miRNA 

abundance in plasma samples as reported by El-Mogy and group 

in 20187.

CONCLUSION

1. Heparinase treatment of the exosomal RNA extracted from 

the plasma separated using heparin tubes can be used to give 

successful construction of small RNA sequencing libraries and 

subsequent sequencing.

2. The raw reads and the sample biotype is similar to the profile 

of exosomal RNA extracted from non-heparin base plasma 

samples.

3. The abundance of the miRNA obtained is similar to the miRNA 

abundance of the RNA extracted from non-heparin based 

plasma samples.

Figure 2. Average biotype distribution of the exosomal small RNA. 
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