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Abstract: Exosomes are cell-derived lipid bilayer particles which are abundant in biological fluids. 14 
Exosome is an emerging source of biomarkers to diagnose various human diseases. Sequencing 15 
based exosomal studies could provide a comprehensive view of exosomal RNA and protein. To 16 
extracted these inclusions, exosomes should be isolated from the plasma first. Several exosome 17 
isolation methods were introduced since the discover of exosome. To promote the clinical 18 
application of exosomal inclusions, different isolation methods should be compared. We isolated 19 
exosomes from human plasma by using user-friendly and commercially available kits, SBI 20 
ExoQuick and QIAGEN exoRNeasy. Subsequently, small RNA sequencing was performed with two 21 
groups of isolated exosome samples and one group of plasma samples. No fundamental differences 22 
of exRNA yield between SC and EQ were found. In RNA profile analysis, the small RNA aligned 23 
reads, miRNA pattern, sample clustering varied as a result of methodological differences. Small 24 
RNA isolated by ExoQuick presented better data quality and RNA profile than exoRNeasy. This 25 
study compared sRNA sequencing data generated from two exosome isolation kits, it provides a 26 
reference for future small RNA studies and biomarker prediction in human plasma exosome. 27 

Keywords:  28 
 29 

1. Introduction 30 

Extracellular vesicles (EVs) are small lipid bilayer particles that are commonly observed in 31 
human body fluids involving in cell-to-cell communication. Exosome, a major component of EVs, 32 
carries the fundamental biological elements such as protein, mRNA, long non-coding RNA (lncRNA), 33 
and, especially small RNA (sRNA) [1]. Recently, exosome has become an emerging source of 34 
biomarkers of various human diseases like neurodegenerative diseases and cardiovascular 35 
diseases[2]. Using peripheral blood to detect exosomal inclusions could satisfy the rapid and 36 
noninvasive requirement of chronic disease prediction[3]. Particularly, the exosomal sRNA including 37 
microRNA (miRNA) are of great diagnostic interest since they are important post-translational 38 
regulators and protected by lipid bilayer structure from exposure to RNases [4]. Thus, method of 39 
extracting RNA from exosomes and RNA-seq library preparation kits are developed [5-7]. Due to the 40 
nature of sRNA diversity in exosomes, exosomal sRNA patterns are easily interfered, it is extremely 41 
hard to reproduce the same results which have been obtained from the previous experiments [4]. A 42 
few works have compared different methods of exosomal sRNA extraction by measuring isolated 43 
exosome integrity and isolation efficiency from different tissues. However, previous works didn’t 44 
systematically analyze transcriptomic or proteomic data[8]. Our study focused on comparing next-45 
generation sequencing data generated from different exosome isolation techniques. 46 
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Several techniques have been invented to isolate these small vesicles from different tissues [9]. 47 
These techniques include ultracentrifugation, density gradient separation, ultrafiltration, 48 
immunological separation and polymer-based precipitation, column-based chromatography and 49 
peptide binding [10]. Among them, ultracentrifugation is most commonly used technics, and 50 
centrifugation-based techniques are considered to be the gold standard for exosome isolation [11]. 51 
However, extremely strict experimental conditions, such as high-speed centrifuge, and 4 oC 52 
experimental environment, are required by ultracentrifugation because of the time-consuming 53 
procedures [12]. Besides, the throughput of the ultracentrifugation method is limited, while the 54 
output is unstable since isolation steps require qualified experimental skills. Therefore, 55 
ultracentrifugation approach is not suitable for the large-scale clinical trial. As exosomes in human 56 
blood undergoes a degradation-generation homeostasis, the difficulties for isolating and sequencing 57 
exocellular vesicles rely on several aspects such as instability and complexity of the samples, the 58 
collection procedures, the exosome isolation methods, the heterogeneity of physicochemical 59 
properties, the storage conditions, and low RNA content [4]. Therefore, a minimally invasive, 60 
uniformed, cost-effective exosome isolation method is necessary. Commercial kits have its own 61 
advantages. For instance, the exosome isolation procedure is easily adapted to clinical laboratory 62 
environment and the experiment circle is usually short enough so that the plasma samples can be 63 
handled on time. The stable performance of exosome isolation is also suitable for researchers in 64 
hospitals. Thus, two commercially available kits: SBI ExoQuickTM (EQ) and Spin column (SC) from 65 
QIAGEN exoRNeasy Serum/Plasma Kit, were chosen as they represent two isolation method, the 66 
polymer-based precipitation and the column-based chromatography, respectively. This study is 67 
focusing on the impact of different exosome isolation kits on sRNA sequencing data, it could 68 
contribute to the investigation of exosomes and promote the application of exosomes in the clinical 69 
practice.  70 

2. Results 71 

2.1 Workflow for isolating RNA from extracellular vesicles 72 

To evaluate how the extracellular vesicle isolation method influences the small RNA profile 73 
inside vesicles, we tested two commonly used exosome isolation kits (ExoQuickTM, EQ; exoEasy spin 74 
column, SC) by next-generation sequencing on the human plasma. Human plasma was used as the 75 
sample source in order to minimize the effect of tissue diversity and 46 samples of plasma were 76 
collected. Each sample was separately treated with two kits, while a blank control was set up using 77 
the same sample. Small RNA yield were measured by NanoDrop 2000 (Table 1, Figure 1).Then all 78 
samples (200ng per sample) were carried out standardized miRNA extraction, sRNA library 79 
preparation and sequence platform (Table 1).  Datasets generated from three sample groups were 80 
named as EQ, SC and PC samples. Table 1 shows the schematic of the study design and the 81 
differences of three groups. Human Brain Reference RNA (HBRR) samples were added into sequence 82 
lanes as reference samples in order to eliminate the batch effect. A summary of small RNA-seq results 83 
is presented in supplementary files (Supplementary Table 1). 84 

 85 

Table 1. Workflow of the study design. 86 

 SC EQ Plasma 

Exosome 

isolation 

1. Filtered plasma 1 ml. 

2. ExoEasy spin column. 

3. Elute and collect the EVs. 

1. Filtered plasma 0.5 ml. 

2. Thrombin for fibrin treatment. 

3. ExoQuickTM solution for precipitation. 

4. Resuspend the EVs pellet. 

N/A 

miRNA 

extraction 

1. Small RNA extraction following the QIAzol protocol. 

2. Small RNA measurement. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted October 18, 2019. ; https://doi.org/10.1101/808931doi: bioRxiv preprint 

https://doi.org/10.1101/808931


Int. J. Mol. Sci. 2019, 20, x FOR PEER REVIEW 3 of 10 

 

Library 

preparation and 

sequencing 

1. 200 ng of total sRNA, MGIEasy Small RNA Library Prep Kit. 

2. BGISEQ-500 platform. 

3. Acquire >25 M reads per each sample. 

 87 

2.2 There are no fundamental differences between SC and EQ in exRNA yield while EQ exhibits better data 88 
quality. 89 

 90 

Figure 1. Small RNA yield, miRNA species and total counts from three exosome isolation methods. a, small RNA 91 

yield efficiency by three methods, average of 46 total production divided by volume of primary plasma, no 92 

significant difference was found. b, identified miRNA species by three methods, average of miRNA species from 93 

46 samples, EQ exhibited significant more miRNA number than PC. c, miRNA total counts by three methods, 94 

average of total miRNA counts from 46 samples, EQ presented significantly higher number than other two 95 

methods. * presents p < 0.05 in Student-T test. ** presents p < 0.01 in Student-T test. 96 
 97 

We preliminarily compared the three datasets, i.e. EQ, SC, and PC, from 46 samples by yield 98 
efficiency (small RNA production divided by the volume of plasma), aligned known miRNA from 99 
miRBase and miRNA total counts (Figure 1). The total yields of 138 (46X3) samples from EQ, SC, and 100 
PC were measured and presented in terms of yield per volume of original plasma (Supplementary 101 
Table 2). The average yield of PC is significantly larger than EQ and SC (p < 0.01) and there is no 102 
difference between the yield of EQ and SC, even though the intergroup differences of three groups 103 
are severe. (Figure 1a). It is indicated that plasma samples may lose great amount of sRNA in both 104 
EQ and SC exosome isolation procedures. The individual variation can also be observed in miRNA 105 
species (Figure 1b). The maximum of miRNA species is observed on the EQ group, and it is notably 106 
larger than that of the PC group (p < 0.05). It is also noticed that no significant difference can be found 107 
either between EQ and SC or between PC and SC. However, after we aligned the sRNA reads to 108 
miRbase (http://www.mirbase.org/ftp.shtml), the total number of aligned EQ miRNA counts is 109 
significant larger (p <0.01) than that of PC and SC miRNA counts (Figure 1c). Meanwhile, the number 110 
of PC miRNA counts is larger (p<0.05) than that of SC group. Therefore, it can be concluded that 111 
although no fundamental differences of sRNA yield efficiency and miRNA species can be found 112 
among EQ, PC and SC datasets, EQ data presents remarkably larger miRNA counts and better data 113 
quality. Furthermore, SC data doesn’t show obvious advantages compared to the data prepared by 114 
employing PC method in terms of plasma miRNA. 115 

 116 

2.3 Quality control of the small RNA-seq library preparation and sequencing 117 

 118 

 119 

 120 
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 121 

 122 

 123 

Figure 2. HBRR sRNA data exhibits insignificant sequencing batch 124 

effects. a, Total reads and filtered reads. b, Read length distribution of 125 

six HBRR samples. c, Heatmap of miRNA accumulation of six HBRR 126 

samples. We hierarchically clustered miRNAs based on their miRNA 127 

expression (log10). d, Pairwise correlation matrix between HBRR 128 

samples. Spearman correlation coefficient was calculated and presented 129 

as color legend. e, Bar chart shows miRNA number identified in each 130 

HBRR dataset. 131 
 132 

As the small RNA in plasma exosome is in small quantity 133 
and constantly changing, the small RNA-seq data could be 134 
affected by the batch effect in small RNA extraction significantly. 135 
In order to evaluate the bias of batch variances, we added HBRR 136 
standard samples into each sequencing lane. It is observed that 137 

the number of total reads and filtered reads are in a stable range for the HBRR sample, while HBRR-138 
1 appears to have larger ratio of total reads over filtered reads which indicates a better data quality 139 
(Figure 2a). To investigate the enrichment of miRNA in different batches, the sRNA length 140 
distribution of HBRR samples is presented (Figure 2b). Obviously, most of the reads are within the 141 
range of 18 – 25 nt which is consistent with the miRNA size. It indicates the small RNA enrichment 142 
in the library construction from different batches are identical. Besides, we compared the miRNA 143 
accumulation and the spearman correlation between HBRR samples (Figure 2c, d). Hierarchical 144 
clustering analysis shows that the patterns of miRNA expressions of HBRR-1/3/4/5/6 samples are 145 
analogous to each other, and HBRR-12 shows that the patterns are slightly changed especially in 146 
highly expressed miRNAs (Figure 2c). Yet, the HBRR-12 highly expressed miRNAs are the same with 147 
other HBRR samples. These differences can also be observed in pairwise correlation matrix (Figure 148 
2d). The spearman correlation coefficients between HBRR samples are all over 0.85, while the 149 
correlation coefficients of HBRR-3 and HBRR-4 are over 0.95 (Figure 2d). For the miRNAs that can be 150 
aligned to miRbase, more than 1000 miRNAs are identified in each HBRR sample (Figure 2e). Based 151 
on the aforementioned results, it can be concluded that the batch effect is negligible and the library 152 
preparation and sequencing platform is eligible to our isolation method comparison. 153 

2.4 EQ method showed more advantages in terms of data quality. 154 

 155 
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Figure 3. Analysis of the differences in exosomal miRNA profiles among three isolation methods. a, Average 156 

read length distribution by three methods. b, Aligned miRNA reads and unmapped reads of 46 samples by three 157 

methods. c, Venn diagram presents all identified miRNAs that are common or unique in the three method 158 

datasets. Most (695) miRNAs were common to the three sets. d, e, f, Scatter plots reveal correlations between EQ 159 

and PC (d), EQ and SC (e), SC and PC (f). Each scatter plot represents relative expression of miRNA profiles 160 

obtained by two methods.  161 
 162 
HBRR results exhibit that the batch effect is not a crucial interfering factor in determining 163 

different sRNA patterns from EQ, PC and SC datasets, we compared the data quality and known 164 
miRNA expression of EQ, PC and SC samples (Figure 3). Firstly, the distribution of small RNA size 165 
was plotted from 46 samples of three groups (Figure 3a). EQ samples exhibit high enrichment in 18 – 166 
25 nt range which suggests good sRNA data quality while both SC and PC samples show high 167 
percentage of total reads in the < 18 nt range which indicates that small RNA might have some extent 168 
of degradation in SC and PC samples (Figure 3a). This assumption of sRNA degradation can also be 169 
supported by the aligned miRNA and unmapped reads (Figure 3b). For the same sample, SC samples 170 
present the lowest mature miRNA ratio and the highest unmapped ratio, while EQ samples show the 171 
highest mature miRNA ratio and the lowest unmapped ratio (Figure 3b). It indicates EQ group has 172 
better data quality comparing with the SC and PC groups. Among all detected miRNAs, 695 common 173 
miRNAs are found in all three groups (Figure 3c). Meanwhile, 81 miRNAs are only shared by SC 174 
samples and EQ samples, 48 miRNAs are only shared by PC samples and EQ samples, 18 miRNAs 175 
are only shared by PC samples and SC samples. Additionally, 85, 131, 48 unique miRNAs are 176 
observed in SC, EQ and PC samples, respectively (Figure 3c). Among all unique miRNAs, expression 177 
of many miRNAs cannot be detected in most of samples (Supplementary Table 3). To illustrate the 178 
effect caused by each exosomal isolation method, the pairwise correlation of miRNA profiles for each 179 
sample is presented (Figure 3d, e&f). The correlation (R2) values are 0.982 between EQ and PC, 0.954 180 
between EQ and SC, and 0.959 between SC and PC (Figure 3d, e&f), indicating that the sRNA profile 181 
of EQ samples is strongly correlated to that of PC samples (Figure 3d). In addition, high correlation 182 
values of EQ-SC and SC-PC (>0.95) suggest that all three methods could produce similar data profiles 183 
from the same sample. 184 

Figure 4. Principal components analysis 185 

(PCA) plot of all sample datasets based on 186 

their miRNA expression with the colors 187 

represent the three clustered groups (left 188 

panel). Sample names are presented on top 189 

of each dot. Table and bar chart on the 190 

right shows the number of samples from 191 

three methods that are clustered to each 192 

group.  193 
 194 

To further study whether EQ, SC, PC samples could be distinguished by the miRNA expression 195 
profiles, principal component analysis (PCA) was performed based on 100 most abundant miRNAs 196 
(Figure 4). For EQ and PC samples, 41 out of 46 samples are clustered into Group 2, while 33 out of 197 
46 samples of SC samples are clustered into Group 3. Thus, it indicates that the miRNA profile of SC 198 
method can be distinguished from that of EQ and PC methods. Combining the facts that sRNA 199 
extracted using PC method contains both exosomal sRNA and plasmatic cell-free sRNA, and 200 
exosomal sRNA is better protected by lipid bilayer from RNases, exosomal sRNA profile should have 201 
higher miRNA abundance and be included by plasma sRNA profile. Therefore, it can be concluded 202 
that EQ method can produce better sRNA data profile than SC method.  203 
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3. Discussion 204 

In this study, we compared sRNA sequencing results using two exosome isolation kits named 205 
ExoQuick™ exosome precipitation solution and exoEasy spin column. Meanwhile, a blank control 206 
group without exosome isolation steps was also added into the comparison. Although there have 207 
been several studies comparing different small RNASeq library preparation methods for plasma 208 
exosomes, this study is specially focused on the sRNA profile consistency and reproducibility of 209 
different exosomal isolation kits. We found that small RNA-seq data acquired by EQ method has a 210 
better quality than that obtained by SC method. SC dataset can also be distinguished by miRNA 211 
expression (Figure 4). Though we clustered most of EQ (41 out of 46) and PC (41 out of 46) samples 212 
into the same group by miRNA expression profiles, data quality of EQ is obviously better than PC 213 
samples (Figure 3a, b, Figure 4). Due to the high concentration of RNases in human blood plasma, 214 
the cell-free RNAs are fragile and unstable as well as small RNAs except those which can bind to 215 
proteins such as AGO2[13,14]. Bilayer lipid structure of exosomes could protect sRNAs from RNases, 216 
so that, in our study, exosomal sRNAs should be one of the major contents of the plasma sRNAs[15]. 217 
Thus, it is reasonable that sRNA profiles of most EQ samples can be grouped with PC samples in 218 
PCA which shows clear clustering of the three methods (Figure 4).  219 

In order to discover whether EQ, PC and SC samples could be distinguished by the miRNA 220 
profiles, the k-means clustering was carried out to classify data generated from one sample by EQ, 221 
PC and SC methods. To be consistent with PCA, we used 100 most abundant miRNA as the data for 222 
clustering (Figure 5). Unsurprisingly, between EQ and PC samples, 3 and 39 common samples are in 223 
the Cluster 1 and 2, respectively. Between EQ and SC samples, 2, 6 and 2 common samples are in the 224 
Cluster 1, 2 and 3, respectively (Figure 5a). EQ and PC have much more common samples than EQ 225 
and SC which indicates that the data of PC samples is in high similarity to data of EQ samples (Figure 226 
5b). Co-inertia analysis between the miRNA profiles of EQ, PC and SC samples reveals a significant 227 
co-variation (Figure 5c, d, e)[16]. The RV coefficients of the three pairwise comparisons show that the 228 
profiles of EQ and PC samples are more similar than the other two comparisons (Figure 5c, d, e). 229 
Taking together, the intergroup variance greatly influences the sRNA yield of EQ and SC samples, 230 
and EQ method could produce better sRNA profiles than SC method. 231 

 232 

 233 

Figure 5. Correlation of EQ, PC and SC profiles. a, Grouping information for each sample by PCA. Colors and 234 

shapes present three exosome isolation methods. Y-axis shows the sample number. X-axis shows the grouping 235 

information. b, Venn diagram presents EQ, PC and SC samples that are grouped into the same clusters. c, Co-236 

inertia analysis (CIA) of relationships between the EQ and PC miRNA expressional PCA. d, CIA of relationships 237 
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between the PC and SC miRNA expressional PCA. e, CIA of relationships between the EQ and SC miRNA 238 

expressional PCA. c, d, e, p value <0.01 from 99 Monte-Carlo simulations. 239 

 240 
 241 

 242 

Figure 6. Impact of storage on sRNA data quality. Four samples were collected and stored at -80℃ condition. 243 

Line chart shows the sRNA total counts of four samples after 1 month, 2 months and 3 months storage. 244 
 245 
 246 
In most clinical studies, sample collection usually takes a period of time and collected samples 247 

cannot be immediately handled until the quantity of samples is big enough for the study. In order to 248 
test whether the storage would affect exosomal sRNA profile, we additionally selected 4 plasma 249 
samples and stored them at -80 ℃ for one, two and three months. Then, we isolated exosome, and 250 
carried out sRNA sequencing with the same condition of previous 46 samples. EQ samples exhibit 251 
the highest miRNA counts at 1st month in all four samples. Yet, the miRNA counts of EQ samples 252 
declined sharply at 2nd month and continued to drop at 3rd month (Figure 6). Except EQ samples, 253 
miRNA counts of PC and SC samples doesn’t show a very clear pattern with time. PC samples vary 254 
greatly from person to person while the quality (identified reads) of extracted sRNA from SC samples 255 
are not good enough for sRNA sequencing (Figure 6). Therefore, in order to get good sRNA data 256 
quality, plasma samples should be stored at -80 ℃ within two months, and use EQ rather than SC 257 
for exosome isolation. 258 

For clinical treatment, exosomes are frequently proposed as therapeutic drug carriers [17]. Six 259 
major exRNA cargo types have been discovered in a systematic research of the NIH Extracellular 260 
RNA Communication Consortium[18]. Since exRNA cargo and the exosome source are cell type 261 
specific, exosomes have been the potential biomarkers for disease diagnosis [19]. Therefore, exosome-262 
based approaches aimed at identifying miRNAs in blood could evaluate the risk of diseases. 263 
Additionally, it may also be an alternative strategy that might facilitate the disease diagnosis, 264 
especially suitable for diseases of which existing tests are invasive and expensive, such as 265 
neurodegenerative diseases[20]. Patients in neurodegenerative risk, are in desperate need of a 266 
noninvasive, convenient, and robust method to monitor disease procession. Traditional 267 
ultracentrifugation method of exosome isolation does not satisfy the need for high-through and 268 
rapidity. Commercially available kits would overcome the obstacles between related research and 269 
clinical application, as well as the cost of diagnosis. Recently, sequencing not only exosomal small 270 
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RNA but also lncRNA to comprehensively discover biomarkers starts to getting more attention[4]. 271 
This study compared sRNA sequencing data generated from two exosome isolation kits, it provides 272 
a reference for future small RNA studies and biomarker prediction in human plasma exosome.  273 

 274 

4. Materials and Methods  275 

Single-donor peripheral blood samples were collected from 46 volunteers (No age, gender, 276 
health, and BMI limits) under approval from Affiliated Hospital of Jining Medical University IRB 277 
(2017-KE-B001) and BGI IRB (No. BGI-IRB16019), and all volunteers were properly consented before 278 
samples were collected, all samples had been anonymized for research purposes. The control samples 279 
HBRR (Human Brain Reference RNA, Cat. No. AM6050) was supplied by ThermoFisher.  280 

4.1 Plasma Separation and EV Isolation 281 

Samples were collected following the fasting blood standard protocol 282 
(https://medlineplus.gov/lab-tests/fasting-for-a-blood-test/). Exosome isolation was carried out using 283 
two commercially available kits: exoRNeasy Serum/Plasma Maxi Kit (QIAGEN, Hilden, Germany) 284 
(SC); ExoQuick Plasma prep and Exosome isolation kit (SBI, Palo Alto, USA) (EQ). For each sample, 285 
we used 1 ml plasma for one reaction of SC kit and 0.5 ml plasma for one reaction of EQ kit. 286 

For employing SC method, we prefiltered plasma and mixed the flow-through with 2× binding 287 
buffer. Then the solution was added to the exoEasy membrane affinity column and centrifugated for 288 
1 min at 500 x g. The pellets were washed with washing buffer by centrifuging and discarding the 289 
flow-through. The pellets were isolated exosome and was re-suspended with nuclease-free PBS.  290 

For employing EQ method, 5 ul of Thrombin [500U/ml] (SBI, Palo Alto, USA) was added into 291 
0.5 ml prefiltered plasma. The mixture was incubated for 5 min and centrifuged for 5 min at 8,000 × 292 
g. We added 1/4 volume of ExoQuick Solution to the supernatant and incubated it at 4 °C for 30 min. 293 
The mixture was centrifuged at 1,500 × g for 30 min. Finally, Re-suspended the pellets with nuclease-294 
free PBS.  295 

4.2 Small RNA extraction, measurements, library preparation and sequencing 296 

The small RNA was extracted according to the manufacturer’s instructions (QIAGEN, Hilden, 297 
Germany, Cat No. 217084). The quality of the RNA samples was tested with Agilent 2100 Bioanalyzer 298 
RNA Nanochip. The RNA yield was measured by NanoDrop 2000. Small RNA sequencing libraries 299 
were constructed using the MGIEasy Small RNA Library Prep Kit (MGI, Shenzhen, China). Input 300 
amounts of RNA was at least 200 ng per sample. 25M reads were generated for each sample 301 
consequently. 302 

4.3 Small RNA sequencing data analysis 303 

After the removal of adaptor sequences and filtering out low-quality reads, the cleaned sRNAs 304 
reads were mapped against human reference genome hg19 UCSC and Rfam (version 11.0, 305 
http://rfam.xfam.org/) database to discard rRNA-, scRNA-, snoRNA-, snRNA-, and tRNA-associated 306 
reads. The remaining reads were aligned and annotated according to precursor and mature miRNAs 307 
listed in miRBase (release 21, http://www.mirbase.org/) by BLASTn with a maximum of one 308 
nucleotide mismatch per read [21]. The counts of the identified miRNAs were normalized to 309 
transcripts per million (TPM). Standardized data was then used for subsequent differential 310 
expression analysis. The normalized read counts were then analyzed by the DEseq2 to identify 311 
differentially expressed miRNAs [22].  312 

 313 

 314 

Supplementary Materials:  315 
Supplementary Table 1. Summary of small RNA sequences from 46 libraries. 316 
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Supplementary Table 2. Exosomal RNA quantity in the samples isolated using the different methods. 317 
Supplementary Table 3. Expression of small RNAs in EQ, PC and SC samples.  318 
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