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Abstract 

Long non-coding RNAs (lncRNAs) contain >200 nucleotides and act as regulatory molecules in 

transcription and translation processes in both normal and pathological conditions. LncRNAs have 

been reported to localize in nuclei, cytoplasm and, more recently, extracellular vesicles such as 

exosomes. Exosomal lncRNAs have gained much attention as exosomes secreted from one cell 

type can transfer their cargo (e.g., protein, RNA species, lipids) to recipient cells and mediate 

phenotypic changes in the recipient cell. In recent years, many exosomal lncRNAs have been 

discovered and annotated and are attracting much attention as potential markers for disease 

diagnosis and prognosis. It is expected that many exosomal lncRNAs are yet to be identified. 

However, characterization of unannotated exosomal RNAs with non-protein coding sequences 

from massive RNA sequencing data is technically challenging. Here we describe a method for the 

discovery of annotated and unannotated exosomal lncRNA. This method includes a large-scale of 

isolation and purification strategy for exosome subtypes, using the human colorectal cancer cell 

line (LIM1863) as a model. The method inputs RNA sequencing clean reads and performs 

transcript assembly to identify annotated and unannotated exosomal lncRNAs. Cutoffs (length, 

number of exon, classification code, and human protein-coding probability) are used to identify 

potentially novel exosomal lncRNAs. Raw read count calculation and differential expression 

analysis are also introduced for downstream analysis and candidate selection. Exosomal lncRNA 

candidates are validated using RT-qPCR. This method provides a template for exosomal lncRNA 

discovery and analysis from next-generation RNA sequencing. 
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1. Introduction 

It is now well recognized that < 2% of genomic DNA is transcribed and translated into functional 

proteins [1], and that genomic DNA transcribes a broad spectrum of RNA species including 

protein-coding and non-coding RNAs (ncRNAs) [2]. The percentage of transcribed non-coding 

sequences in whole genome relates to developmental complexity which is 57% in human, whereas 

it is 33%, 10% and 1% in nematode, yeast and bacteria, respectively [3,4]. While protein-coding 

RNAs are further processed for protein synthesis, non-protein coding RNAs were considered as 

dysfunctional RNAs [5]. Recently, however, it has become evident that non-coding RNAs can 

crucially function in both normal and pathological conditions by acting as regulatory molecules in 

transcription, RNA processing and translation [6,7].  

Long non-coding RNAs (lncRNAs) are defined as a heterogenous group of RNA species > 200 

nucleotides in length and incapable of encoding proteins [6]. The function of lncRNAs depends 

on their cell compartmentation, for instance, chromatin modifications, transcriptional control, and 

post-transcriptional processing occurs in the nuclear compartment while lncRNAs can inhibit of 

protein synthesis in cytoplasmic compartment [8]. Moreover, some lncRNAs containing small 

open reading frames (sORFs) such as LINC00948 [9], LINC00116 [10] and Six1 [11],  have been 

shown to encode functional micropeptides (typically, ~50 amino acids in length). Interestingly, 

lncRNAs have been detected in extracellular vesicles (EVs) isolated from biofluids such as plasma 

[12], serum [13], breast milk [14], synovial fluid [15] and urine [16]  

EVs are a heterogenous population of lipid bilayer-membrane vesicles derived from diverse cell 

types [17-19]. Based upon their mechanism of biogenesis, EVs comprise two major classes – 

exosomes (of endosomal origin) and shed microvesicles (also referred to as microparticles and 

ectomeres), which originate by blebbing of the plasma membrane. EVs are crucial mediators of 
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intercellular communication and act by transferring their bioactive cargo (e.g., proteins, RNA 

species, lipids, metabolites) to  recipient cells [18]. Interestingly, the majority of exosomal RNAs 

maps to intronic regions resulting in the abundance of long intergenic non-coding RNAs 

(lincRNAs) when compared to parental cells [20,21]. Exosomal lncRNAs have been implicated in 

the onset of cancer drug resistance (e.g., lncARSR [22], linc-ROR [23], linc-VLDLR [24], 

lncUCA1 [25]) and angiogenesis (e.g., lncPOU3F3 [26], lncCCAT2 [27]).  

Here we report a method used to discover annotated and unannotated exosomal lncRNAs from 

next-generation RNA sequencing data, focusing on human exosomal lncRNAs (Fig. 1). The 

method starts from large-scale isolation of exosomes secreted from the human colorectal cancer 

cell line (LIM1863) [28] continuously cultured in Bioreactor classic flasks [21,29]. We next 

performed differential centrifugation on the cell culture medium (CM) to remove cells, cell debris 

and larger EVs known as shed microvesicles [30] followed by glycoprotein A33 antigen (Heath et 

al., 1997) and EpCAM-immunoaffinity capture exosome subtype purification [31] (Fig. 2a, 2b). 

(Previously, we reported that A33- EpCAM-exosome subtypes derived from LIM1863 cells (A33 

and EpCAM) exhibit distinct protein and transcriptomic profiles [31,21]). Then total RNA is 

isolated from A33- and EpCAM exosomes for cDNA library construction (Fig. 3). We also provide 

paired-ended clean reads of A33- and EpCAM-exosomes for lncRNA data analysis. The clean 

reads can be downloaded from NCBI using SRA Toolkit (SRR1662176 for A33-exosome clean 

reads and SRR1662177 for EpCAM-exosome clean reads) [21]. Clean reads are mapped to human 

genome (Ensembl, GRCh38) using Hisat2 [32]. Unannotated lncRNA are distinguished from 

annotated lncRNAs using Stringtie and Gffcompare [33] with cutoffs: (1) nucleotide length more 

than 200, (2) number of exon less than 2, (3) classification codes “i” (fully contained within a 

reference intron), “x” (exonic overlap on the opposite strand) and “u” (unknown, intergenic) [34]. 
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Protein coding potential for each unannotated lncRNAs is calculated by Coding-Potential 

Assessment Tool (CPAT). Coding probability (CP) less than 0.364 (for human samples) indicates 

noncoding sequence [35] (this tool also allows identifying lncRNAs with protein-coding 

potential). We further perform raw read count calculation and differential expression analysis 

using FeatureCounts [36] and DESeq2 [37], respectively. In the final step, significantly enriched 

lncRNAs are validated using RT-qPCR.    
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2. Materials 

2.1 Cell culture 

1. LIM1863 cells [28] 

2. 175-cm2 culture flasks (BD Falcon) 

3. RPMI1640 

4. Fetal bovine serum (FBS) 

5. Insulin-Transferrin-Selenium (ITS, Life Technologies) 

6. Penicillin/Streptomycin (P/S, Life Technologies) 

7. CELLine CL-1000 Bioreactor classic flask (Integra Biosciences) 

8. Incubator, 37 °C capacity for storage of bioreactor flasks 

9. Refrigerated centrifuge (to 4 °C), centrifugation capability to 3,000 x g 

10. 50 ml polypropylene centrifuge tubes (Falcon tubes, Life Technologies) 

 

2.2 Isolation, purification and characterization of exosomes 

1. Protein G Dynabeads™ (Invitrogen) 

2. Citrate phosphate buffer (pH 5.0)  

3. Triethanolamine (0.2 M, pH 7.5) 

4. Phosphate buffer saline (PBS, pH 7.4) 

5. Glycine (0.2 M, pH 2.8) 

6. EpCAM magnetic microbeads (Miltenyi Biotec) 

7. Rinsing solution (MACS® BSA Stock Solution diluted 1:20 with autoMACS® Rinsing 

Solution; Miltenyi Biotec). 

8. LS microcolumn (Miltenyi Biotec) 
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9. Magnetic stand 

10. Tris buffer (50 nM, pH 7.5) 

11. Phosphate buffer saline (PBS, pH 7.4)  

12. Laboratory rotator 

13. SDS sample buffer (2% (w/v)) sodium dodecyl sulphate, 125 mM Tris-HCl, pH 6.8, 12.5% 

(v/v) glycerol, 0.02% (w/v) bromophenol blue) with100 mM Dithiothreitol (DTT)  

14. NuPAGE™ 4–12% (w/v) Bis-Tris Precast gels (Life Technologies) 

15. NuPAGE™ MES running buffer (Life Technologies) 

16. Fixing solution (40% (v/v) methanol, 10% (v/v) aqueous acetic acid) 

17. SYPRO®Ruby fluorescent stain for protein detection (Life Technologies) 

18. Destaining solution (10% (v/v) methanol with 6% (v/v) acetic acid in water) 

19. Typhoon 9410 variable mode imager (GMI) or suitable florescent imager 

20. ImageQuant TL 8.2 image analysis software (GE Healthcare Life Sciences) 

21. BenchMark™ Protein Ladder (Life Technologies) 

22. iBlot™2.0 DryBlotting System (Life Technologies) 

23. Tris buffered saline (TBS) 

24. Anti-A33 (human, 1 µg/mL, a gift from Andrew Scott, Ludwig Institute for Cancer Research 

Ltd. - Austin Campus, Melbourne, AU) or suitable sourced Anti-GPA33 antibody (reactivity: 

human, IgG isotype) (#MA5-24139, Invitrogen) 

25. Anti-EpCAM (1:1,000; Abcam) 

26. Anti-TSG101 (1:1,000; BD Biosciences) 

27. Anti-ALIX (1:1,000; Cell Signaling) 

28. IRDye 800 goat anti-mouse IgG or IRDye 680 goat anti-rabbit IgG (1:15,000; LI-COR 

Biosciences) 
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29. Odyssey Infrared Imaging System, v 3.0 (LICOR Biosciences) 

30. Supor® Membrane (0.1 µm) (Pall Life Sciences) 

31. Amicon® Ultra-15 Ultracel centrifugal filter device with a 3K nominal molecular weight 

limit (Merck-Millipore) 

32. Orbital shaker 

33. Dimethyl pimelimidate (DMP)  

34. Tween-20 

35. Refrigerated centrifuge (to 4 °C), centrifugation capability to 3,000 x g 

36. Ultracentrifuge (Optima™ XPN-100 and Optima™ MAX-XP, Beckman Coulter) and matched 

rotor (Type 45Ti and TLA-55) 

37. Microcentrifuge polypropylene tube (#357448, Beckman Coulter) 

38. Polycarbonate bottle assembly (#355622, Beckman Coulter) 

39. Skim milk powder 

 

2.3 Isolation of exosomal RNA 

1. TRizol™ reagent (Invitrogen) 

2. Chloroform 

3. Glycogen (Invitrogen) 

4. Isopropyl alcohol 

5. RNase-free water 

6. Agilent 2100 Bioanalyzer (Agilent Technologies) 

 

2.4 cDNA library construction  

1. Nuclease-free water 
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2. 96-well PCR plates 

3. rRNA Binding Buffer (RBB, Illumina) 

4. Removal Mix (Illumina) 

5. PCR machine (Bio-Rad) 

6. rRNA Removal Beads (Illumina) 

7. RNAclean XP Beads (Illumina) 

8. 70% aqueous Ethanol and 80% aqueous Ethanol 

9. Elution Buffer (ELB, Illumina) 

10. Elute, Prime, Fragment High Mix (EPH, Illumina) 

11. First Strand Synthesis Act D mix (FSA, Illumina) 

12. Super Script II (Invitrogen) 

13. Diluted End Pair Control (CTE, Illumina) 

14. Resuspension Buffer (RSB, Illumina) 

15. Second Strand Marking Master Mix (SMM, Illumina) 

16. AMPure XP beads (Illumina) 

17. Magnetic stand 

18. A-Tailing control (CTA, Illumina) 

19. A-Tailing Mix (ATL, Illumina) 

20. Adaptor tubes (Illumina) 

21. Index Adaptor plates (Illumina) 

22. Ligation Control (CTL, Illumina) 

23. Ligation Mix (LIG, Illumina) 

24. RNA adaptors (Illumina) 
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25. PCR Primer Cocktail (PPC, Illumina) 

26. PCR Master Mix (PMM, Illumina) 

27. A DNA 1000 chip (Agilent Technologies) 

28. Agilent Technologies 2100 Bioanalyzer (Agilent Technologies) 

29. Tris-HCl (10 mM, pH 8.5) 

30. Microseal® ‘B’ adhesive seal (Bio-Rad) 

31. Tween-20 

 

2.5 Bioinformatic analysis pipeline for lncRNA sequencing analysis 

1. Computer (64-bit) with either Linux or Mac OS X (10.7 Lion or later), 8GB (recommended) 

of RAM 

2. Software  

Table 1. Software required for exosomal lncRNA discovery 

File URL for downloading 

SRAtoolkit https://www.ncbi.nlm.nih.gov/sra/docs/toolkitsoft/ 

Hisat2 https://ccb.jhu.edu/software/hisat2/index.shtml 

SAMtools http://www.htslib.org/ 

Stringtie http://ccb.jhu.edu/software/stringtie/#install 

GffCompare http://ccb.jhu.edu/software/stringtie/gffcompare.shtml 

Gffread https://github.com/gpertea/gffread 

CPAT http://rna-cpat.sourceforge.net/ 

FeatureCounts http://bioinf.wehi.edu.au/subread/ 

R https://www.r-project.org/ 

biomaRt https://bioconductor.org/packages/release/bioc/html/biomaRt.html 

DESeq2 https://bioconductor.org/packages/release/bioc/html/DESeq2.html 

FileZilla https://filezilla-project.org/ 
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3. Files 

Table 2. Files required for exosomal lncRNA discovery  

File Source URL for downloading 

Human 

genome 

indexes 

Ensembl, H. 

sapiens, 

GRCh38 

ftp://ftp.ccb.jhu.edu/pub/infphilo/hisat2/data/grch38.tar.gz 

Human 

annotation 

file  

Ensembl, H. 

sapiens, 

GRCh38 

ftp://ftp.ensembl.org/pub/release-96/gtf/homo_sapiens 

Human DNA 

data  

Ensembl, H. 

sapiens 

ftp://ftp.ensembl.org/pub/release-

96/fasta/homo_sapiens/dna 

 

2.6 LncRNA validation 

1. SuperScript™ IV VILO™ Master Mix (Invitrogen) 

2. SSoAdvanced universal probes Supermix (Bio-Rad) 

3. Forward and reverse primers 

4. PCR machine (Bio-Rad) 

5. CFX Manager™ Software (v 3.1) (Bio-Rad) 
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3.Methods 

3.1 Cell culture 

1. LIM1863 cells are cultured in a 175-cm2 flask in RPMI1640 supplemented with 5% (v/v) Fetal 

bovine serum (FBS), 0.1% (v/v) Insulin-Transferrin-Selenium (ITS) and 1% (v/v) 

Penicillin/Streptomycin (P/S) at 37 °C and 5% CO2 

2. LIM1863 cells (~3 x 107 cells) are collected as floating organoids and centrifuged at 140 x g, 4 

°C for 5 min 

3. Supernatant is removed, and pellet (LIM1863 cells) are resuspended in 15 mL RPMI1640 

medium containing 0.5% (v/v) ITS and 1% (v/v) P/S 

4. Cell solution (15 mL) is transferred into the Cultivation chamber (lower chamber) of a CELLine 

CL-1000 Bioreactor classic flask. The Nutrient Supply chamber (upper chamber) contains 500 mL 

of RPMI-1640 supplemented with 5% (v/v) FBS and 1% (v/v) P/S and cultured in 37 °C, 5% CO2 

5. After a 5-day seeding timeframe, the medium in the Cultivation chamber is harvested every 48 

h and then centrifuged at 140 x g, 4 °C for 5 min 

6. The cell pellet (LIM1863 cells) is resuspended in 15 mL RPMI-1640 supplemented with 0.5% 

(v/v) ITS and 1% (v/v) P/S and re-seeded back to the Cultivation chamber cultured in 37 °C and 

5% CO2. Supernatant is prepared for sequential centrifugation 

(The medium in Nutrient Supply chamber is replaced with 500 mL RPMI-1640 containing 5% 

(v/v) FBS and 1% (v/v) P/S twice a week)  

 

3.2 Isolation, purification and characterization of exosomes 

3.2.1 Sequential centrifugation and filtration 

1. Supernatant (from section 3.1) is centrifuged at 2,000 x g, 4 °C for 10 min to remove cell debris. 

Pellet is discarded 

2. Supernatant is further centrifuged at 10,000 x g, 4 °C for 30 min to remove shed microvesicles 

(sMVs). Pellet (sMVs) is discarded 
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3. Supernatant is filtered using a VacuCap® 60 filter unit fitted with a 0.1 µm Supor® Membrane 

4. Supernatant is further concentrated to 500 µL using an Amicon® Ultra-15 Ultracel centrifugal 

filter device with a 3K nominal molecular weight limit (3K NMWL) 

 

3.2.2 A33- and EpCAM-immunoaffinity capture for A33- and EpCAM-exosome purification 

1. Protein G Dynabead™ (5 x 108 beads) in citrate phosphate buffer (pH 5.0, 500 µL) is mixed 

with A33 antibody (100 µL, 300 µg) and incubated with gentle rotation at 25 °C for 40 min 

2. A33 conjugated with Dynabeads™ (A33-Dynabeads™) are placed on a magnetic stand for 2 

min (supernatant is discarded) and washed twice with 1mL citrate-phosphate buffer (pH 5.0) and 

subsequently 0.2 M triethanolamine (pH 8.2).  

3. A33-Dynabeads™ are resuspended in 1 ml of freshly prepared 20 mM dimethyl pimelimidate 

in 0.2 M triethanolamine (pH 8.2) with gentle rotation for 30 min 

4. A33-Dynabeads™ are placed on a magnetic stand for 2 min (supernatant is discarded). The 

beads are resuspended in 1 mL Tris buffer (50 nM, pH 7.5) with gentle rotation for 15 min 

5. A33-Dynabeads™ are place on a magnetic stand for 2 min (supernatant is discarded) and 

washed with PBS containing 0.05% (v/v) Tween-20 for three times  

6. Crude exosomes (from 3.2.1) are pre-incubated with Dynabeads™ (500 µL, 5 x 108 beads) at 4 

°C for 2 h with gentle rotation to reduce non-specific binding 

7. Dynabeads™ (from 6) are removed by a magnetic stand and supernatant (crude exosomes) is 

incubated with A33-Dynabeads™ (from 4) at 4 °C for 2 h with gentle rotation 

8. A33-exosomes are collected using a magnetic stand and washed three times with 1 mL PBS for 

5 min. Supernatant is collected for EpCAM-exosome purification  

9. A33-Dynabeads™ are eluted from A33-exosome complex by 100 µL glycine (0.2 M, pH 2.8) 

10. A33-depleted exosomes (from 8) is incubated with 100 µg EpCAM (CD326) magnetic 

microbeads at 4 °C for 4 h. 
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11. EpCAM-exosome-bound microbeads are subjected on to a 3 mL LS microcolumn and washed 

three times with 1 mL Rinsing solution using a magnetic stand (LS column is rinsed three times 

with Rinsing solution before use) 

12. EpCAM-exosome-bound microbeads are washed with 1 mL PBS twice and centrifuged at 

100,000 x g at 4 °C for 1 h 

13. EpCAM-exosome (pellet) are eluted from the microbeads by 100 µL glycine (0.2 M, pH 2.8) 

 

3.2.3 Characterization of exosomes (protein quantification) 

1. A33- EpCAM- and unbound exosome samples (5 µL) are mixed with 5 µL SDS sample buffer 

(2% (w/v)) sodium dodecyl sulphate, 125 mM Tris-HCl,pH 6.8, 12.5% (v/v) glycerol, 0.02% (w/v) 

bromophenol blue) with100 mM Dithiothreitol (DTT) and loaded into a 1 mm, 10-well 

NuPAGE™ 4–12% (w/v) Bis-Tris Precast gel  

2. Electrophoresis is performed at 150 V for 1 h in 1x NuPAGE™ MES running buffer  

3. The gel is fixed in 50 mL fixing solution (40% (v/v) methanol, 10% (v/v) acetic acid in water) 

for 30 min on an orbital shaker 

4. The gel is stained with SYPRO®Ruby overnight, followed by destaining solution twice in 50 

mL of 10% (v/v) methanol with 6% (v/v) acetic acid in water for 2 h. 

5. The gel is imaged on a Typhoon 9410 variable mode imager (Molecular Dynamics, Sunnyvale, 

USA), using a green (532 nm) excitation laser and a 610BP30 emission filter at 100 μm re-solution. 

6. Densitometry quantitation is performed using ImageQuant TL 8.1 image analysis software to 

determine protein concentration relative to a BenchMark™ Protein Ladder standard of known 

protein concentration (1.7 μg/μL) according to the manufacturer’s instructions (GE Healthcare 

Life Sciences, USA, ImageQuant TL User’s Guide) 

 

3.2.4 Characterization of exosomes (Immunoblot analysis) 
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1. A33- EpCAM- and unbound exosome samples in SDS sample buffer (20 µg total protein) are 

loaded into a 1 mm, 10-well NuPAGE™4–12% (w/v) Bis-Tris Precast gel 

2. Electrophoresis is performed at 150 V for 1 h in 1x NuPAGE™ MES running buffer 

3. Proteins on the gel are electro-transferred onto nitrocellulose membranes using the iBlot™ 2.0 

DryBlotting System  

4. Membranes are incubated with 5% (w/v) skim milk powder in TTBS at 25 °C for 1 h.  

5. Membranes are probed with primary antibodies in TTBS on an orbital shaker at 4 °C for 

overnight (rabbit anti-EpCAM (1:1,000; Abcam), mouse anti-A33 (1 µg/ml, Andrew Scott, 

Ludwig Institute for Cancer Research Ltd. - Austin Campus, Melbourne, AU or suitable sourced 

Anti-GPA33 antibody (reactivity: human, IgG isotype)), mouse anti-TSG101 (1:1,000; BD 

Biosciences) and mouse anti-ALIX (1:1,000; Cell Signaling) 

6. Membranes are washed three times with 20 mL TTBS at 25 °C for 10 min on an orbital shaker 

7. Membranes are incubated with the secondary antibody, IRDye 800 goat anti-mouse IgG or 

IRDye 680 goat anti-rabbit IgG (1:15,000; LI-COR Biosciences, USA), at 25 °C for 1 h in darkness 

on an orbital shaker 

8. Membranes are washed three times with 20 mL TTBS at 25 °C for 10 min on an orbital shaker 

9. Membranes are visualized using the Odyssey Infrared Imaging System, v 3.0 according to the 

manufacturer’s instructions (LI-COR Biosciences, USA, Odyssey Infrared Imaging System 

Operator’s Manual v 3.0) 

 

3.3 Isolation of exosomal RNA  

1. Exosome samples are incubated with 1 mL TRizol™ reagent for 5 min at 25 °C then 0.2 mL 

chloroform is added. (samples are vortexed vigorously for 15 sec) and further incubated in RT for 

3 min 

2. Samples are centrifuged at 12,000 x g, 4 °C for 15 min 
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3. Aqueous phase is collected, mixed with 5-10 µg of glycogen (20 mg/ml aqueous glycogen, 

Invitrogen) and isopropyl alcohol (0.5 ml isopropyl alcohol/1 ml aqueous phase) incubated at 25 

°C for 10 min. 

4. Total RNA is centrifuged at 12,000 x g, 4 °C for 15 min 

5. RNA pellet is washed once with 75% aqueous ethanol, air-dried for 5 min and re-dissolved in 

RNase-free water (the quality and composition of RNA samples are evaluated using an Agilent 

2100 Bioanalyzer according to the manufacturer’s instructions (Agilent Technologies, USA, 2100 

Expert Software User’s Guide) 

 

3.4. cDNA library construction  

3.4.1 rRNA depletion and RNA fragmentation 

1. Total RNA is diluted in nuclease-free water to final volume of 10 µL in each well of the Bind 

rRNA plate (BRP) 

2. rRNA binding buffer (5 µL) is added into each well 

3. Removal Mix (5 µL) is added into each well and mixed by gentle pipetting 

4. BRP is centrifuged at 280 x g for 1 min 

5. BRP is placed on PCR machine and run RNA denaturation program then further incubated at 

25 °C for 1 min 

6. Solution (~20 µL) from BRP is transferred to rRNA Removal Plate (RRP) where rRNA 

Removal Beads (35 µL) is placed in then further incubated at 25 °C for 1 min 

7. RRP is placed in a magnetic stand for 1 min 

8. Solution in each well is transferred into each well of RNA Clean up Plate (RCP) and placed in 

a magnetic stand for 1 min 

9. RNAClean XP Beads (99 µL) are added into each well and mixed with gentle pipetting (see 

Note 1) then incubated at 25 °C for 15 min 
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10. RCP is placed in a magnetic stand until supernatant is clear then supernatant is discarded from 

each well 

11. Freshly prepared 70% ethanol (200 µL) is added into each well 

12. RCP is placed in a magnetic stand until supernatant is clear then supernatant is discarded from 

each well (see Note 2) 

13. RCP is still placed on a magnetic stand for 15 min to airdry ethanol 

14. Elution Buffer (ELB, 11 µL) is added into each well and mixed with gentle pipetting (see Note 

3) 

15. RCP is incubated at 25 °C for 2 min then centrifuged at 280 x g for 1 min 

16. RCP is placed in a magnetic stand until supernatant is clear then supernatant (8.5 µL) is 

transferred to the corresponding well of the Depleted RNA Fragmentation Plate (DFP) 

17. Elute, Prime, Fragment High Mix (EPH, 8.5 µL) is added into each well of DFP and mixed 

with gentle pipetting 

18. DFP is placed on PCR machine and run Elution 2-Frag-Prime program (preheat lid option and 

set to 100 °C, 94 °C for 8 min, hold at 4 °C) 

 

3.4.2 Synthesis of first strand cDNA 

1. First Strand Synthesis Act D mix (FSA) and Super Script II are mixed at the ratio of 9 µL FSA 

and 1 µL Super Script II (see Note 4) 

2. FSA and Super Script II mixture (8 µL) is added into each well of DFP and mixed with gentle 

pipetting  

3. DFP is centrifuged at 280 x g for 1 min then placed to a PCR machine and run the Synthesis of 

first strand program (preheat lid option and set to 100 °C, 25 °C for 10 min, 42 °C for 15 min, 70 

°C for 15 min, hold at 4 °C) 
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3.4.3 Synthesis of second strand cDNA 

1. Diluted End Pair Control (CTE, 5 µL) and Resuspension Buffer (RSB, 5 µL) are added into 

each well of DFP and mixed with gentle pipetting (see Note 5 for diluted CTE preparation)    

2. Second Strand Marking Master Mix (SMM, 20 µL) is added into each well and mixed with 

gentle pipetting (see Note 6) then centrifuged at 280 x g for 1 min 

3. DFP is placed in PCR machine and incubated at 16 °C for 1 h then moved to 25 °C 

4. AMPure XP beads (90 µL) is added into each well of the DFP and mixed with gentle pipetting 

then incubated at 25 °C for 15 min 

5. DFP is centrifuged at 280 x g for 1 min 

6. DFP is placed on a magnetic stand until the supernatant is clear then 135 µL supernatant is 

discarded from each well 

7. Freshly prepared 80% ethanol (200 µL) is added into each well of DFP and incubated on the 

magnetic stand for 30 sec then the ethanol is discarded 

8. Repeat 7 (see Note 2)  

9. DFP is placed on a magnetic stand for 15 min to airdry ethanol then removed from the magnetic 

stand 

10. RSB (17.5 µL) is added into each well of DFP and mixed with gentle pipetting then incubated 

at 25 °C for 2 min 

11. DFP is centrifuged at 280 x g for 1 min 

12. DFP is placed on a magnetic stand until the supernatant is clear then 15 µL supernatant is 

transferred to the corresponding well of the Adaptor Ligation Plate (ALP) 

 

3.4.4 3’ End adenylation 

1. Diluted A-Tailing control (CTA, 2.5 µL) is added into each well of ALP and mixed with gentle 

pipetting (see Note 7 for diluted CTA preparation)    
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2. A-Tailing Mix (ATL, 12.5 µL) is added into each well of ALP and mixed with gentle pipetting 

(see Note 8)  

3. ALP is sealed with a Microseal ‘B’ adhesive seal and centrifuged at 280 x g for 1 min 

4. ALP is placed on PCR machine and run ATAIL70 program (preheat lid option and set to 100 

°C, 37 °C for 30 min, 70 °C for 5 min, hold at 4 °C) then centrifuged at 280 x g for 1 min 

 

3.4.5 Adaptor ligation 

1. RNA adapters are prepared as followed; Adapter tubes are centrifuged at 600 x g for 5 sec, Index 

Adapter plate is centrifuged at 280 x g for 1 min. Ligation Control (CTL) is centrifuged at 600 x 

g for 5 sec then diluted to 1:100 in RSB 

2. Diluted CTL (2.5 µL), Ligation Mix (LIG, 2.5 µL) and RNA adapters (2.5 µL) are added in the 

order into each well of ALP and mixed with gentle pipetting 

3. ALP is centrifuged at 280 x g for 1 min 

4. AMPure XP beads (42 µL) are added into each well of ALP and mixed with gentle pipetting 

then incubated at 25 °C for 15 min 

5. ALP is centrifuged at 280 x g for 1 min 

6. ALP is placed on a magnetic stand until the supernatant is clear then supernatant is discarded 

from each well  

7. Freshly prepared 80% ethanol (200 µL) is added into each well and incubated on the magnetic 

stand for 30 sec then the ethanol is discarded 

8. Repeat 7 (see Note 2) 

9. ALP is placed on a magnetic stand for 15 min to airdry ethanol then removed from the magnetic 

stand 

10. RSB (52.5 µL) is added into each well of ALP and mixed with gentle pipetting 

11. ALP is incubated at 25 °C for 2 min and further centrifuged at 280 x g for 1 min 
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12. ALP is placed on a magnetic stand until the supernatant is clear then 50 µL supernatant is 

transferred into the corresponding well of the Clean Up ALP (CAP) 

13. Repeat 4-12 with 50 µL AMPure XP beads and 22.5 µL RSB 

14. Supernatant (20 µL) from 13 is transferred into the corresponding well of the PCR plate 

 

3.4.6 Enrich DNA fragments 

1. PCR plate is placed on ice and 5 µL PCR Primer Cocktail (PPC) is added into each well 

2. PCR Master Mix (PMM, 25 µL) is added into each well and mixed with gentle pipetting 

3. PCR plate is centrifuged at 280 x g for 1 min 

4. PCR plate is placed in PCR machine and run PCR program (preheat lid option and set to 100 

°C, 98 °C for 30 sec, 15 cycles of 98 °C for 10 sec, 60 °C for 30 sec, 72 °C for 30 sec (end of the 

15 cycles), and finish with 72 °C for 5 min, hold at 4 °C) 

5. PCR plate is centrifuged at 280 x g for 1 min 

6. AMPure beads (50 µL for Adaptor tubes, 47.5 µL for Index Adaptor Plate) are added into each 

well and mixed with gentle pipetting   

7. PCR plate is incubated at 25 °C for 15 min then further centrifuged at 280 x g for 1 min 

8. PCR plate is placed on a magnetic stand until the supernatant is clear then supernatant is 

discarded from each well 

9. Freshly prepared 80% ethanol (200 µL) is added into each well and incubated on the magnetic 

stand for 30 sec then the ethanol is discarded 

10. Repeat 9 (see Note 2) 

11. PCR plate is placed on a magnetic stand for 15 min to airdry ethanol then removed from the 

magnetic stand 

12. RSB (32.5 µL) is added into each well and mixed with gentle pipetting 

13. PCR plate is centrifuged at 280 x g for 1 min 
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14. PCR plate is placed on a magnetic stand until the supernatant is clear then 30 µL supernatant 

is transferred to the corresponding well of the Target Sample Plate1 (TSP1) 

 

3.4.7 Check libraries 

1. DNA library from TSP1 (1 µL) is added to a DNA 1000 chip on an Agilent Technologies 2100 

Bioanalyzer according to the manufacturer’s instructions (Agilent Technologies, USA, 2100 

Expert Software User’s Guide) 

2. Check size (~260 bp) and purity of samples 

 

3.4.8 Normalize and Pool libraries 

1. DNA library (10 µL) is transferred to Diluted Cluster Template plate (DCT) 

2. DNA library is normalized to 10 nm by adding Tris-HCl 10 mM, pH 8.5 with 0.1% (v/v) Tween-

20  

3. DCT plate is centrifuged at 280 x g for 1 min 

4. Each normalized library (10 µL) is transferred to a single well of the Pooled DCT plate (PDP) 

and centrifuged at 280 x g for 1 min  

5. Process to cluster generation according to the manufacturer’s instructions (Illumina Inc., USA, 

HiSeq 3000/4000 PE Cluster Kit)  

 

3.5 Bioinformatic analysis pipeline for lncRNA sequencing analysis  

3.5.1 Download files for RNA sequence alignment 

1. Establish a work directory either in Linux or Mac OS X  

2. Download human genome indexes (H. sapiens, GRCh38) from 

https://ccb.jhu.edu/software/hisat2/index.shtml using wget command following tar xvzf 
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3. Download pair-ended RNA sequencing clean reads from NCBI using SRA Toolkit: prefetch 

-v SRR1662176 (and SRR1662177) then separate two pair-ended reads using fasta-

dump --split-files SRR1662176 (and SRR1662177)  

*SRR1662176 is A33-exosome clean reads, SRR1662177 is EpCAM-exosome clean reads 

4. Download human gene annotation file from ftp://ftp.ensembl.org/pub/release-

95/gtf/homo_sapiens using wget command 

5. Download human DNA data file from http://ensembl.org/info/data/ftp/index.html using wget 

command 

 

3.5.2 RNA sequence alignment  

1. Align pair-ended RNA sequencing clean reads using hisat2 with options -q --dta -x 

and –summary-file to obtain an align-read summary result (see Note 9) 

2. Convert SAM files to BAM files using samtools with options sort -@ 8 -o 

SRR1662176.bam (SRR1662177.bam) 

 

3.5.3 Transcript assembly and annotation merging  

1. Assemble transcripts from SRR1662176.bam and SRR1662177.bam files with human gene 

annotation (from 3.5.1.4) using stringtie with options -p 8 -G -o SRR1662176.gtf 

(SRR1662177.gtf) -l (see Note 10, Note 11 for alternatively direct annotated lncRNA 

discovery) 

2. Merge assembled transcript files from both GTF files (SRR1662176.gtf and SRR1662177.gtf) 

using stringtie with options --merge -p 8 -G -o merged.gtf (see Note 12) 

 

3.5.4 Discovery of unannotated lncRNA  
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1. Compare merged.gtf with human annotation file (from 3.5.1.4) using gffcompare with 

options -r -G -o merged (see Note 13) 

2. Gffcompare output files (.stats, .combined.gtf, .refmap, .tracking, and .tmap) are generated  

3. Extract novel transcripts by selecting classification codes “i” (fully contained within a reference 

intron), “x” (exonic overlap on the opposite strand) and “u” (unknown, intergenic) from .tmap file 

4. Transcripts that contain more than 2 exons are removed   

5. Unannotated long non-coding transcript list is generated  

 

3.5.5 Protein coding potential calculation 

1 Obtain full sequence of each transcript to calculate protein-coding potential by using gffread 

with options -w fullsequence.fa -g merged.gtf (see Note 14) 

2. Calculate protein-coding potential of each transcript using cpat.py with options -g 

fullsequence.fa -d -x -o (see Note 15) 

3. Filter out transcripts that have human protein-coding probability more than 0.364 and length 

less than 200 nucleotides 

4. Long non-coding transcript list is generated 

 

3.5.6 Raw read counting 

1. Calculate raw read counts using featureCounts with options -p -t exon -g 

gene_id -a -o counts.txt (see Note 16) 

2. Compare transcripts from counts.txt with lists from 3.5.4 and 3.5.5 to obtain unannotated 

lncRNAs 

3. RNA biotypes of annotated lncRNAs are obtained using R package “biomaRt”. Sense-intronic, 

lincRNA and macro lncRNA are considered as annotated lncRNAs (Antisense can be a either 

sncRNA or lncRNA) (see Note 17) 
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3.5.7 Differential gene expression analysis  

1. A raw read count file containing raw read counts of lncRNA is used to perform differential gene 

expression analysis using R package “DESeq2”.  

2. DESeq2 package is called by library(DESeq2) 

3. countData is imported using read.csv following by as.matrix 

4. Raw read counts that are equal 0 and 1 are removed by [rowSums(countData)>1, ] 

5. colData that contains phenotypes (condition) of samples is imported using read.csv (see 

Note 18) 

6. DESeqDataSet is calculated using 

DESeqDataSetFromMatrix(countData,colData,design=~condition) 

following by DESeq 

7. Differential gene expression result is exported using results for downstream analysis. 

Annotated and unannotated lncRNAs derived from differential gene expression analysis are shown 

in Table 3 (see Note 19 for normalized count extraction, Note 20 for Fragments Per Kilobase of 

transcript per Million mapped read (FPKM) calculation for down steam analysis and Note 21 for 

transferring files to Windows OS). 
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Table 3. Selected annotated and unannotated exosomal lncRNAs in LIM1863 A33- and 

EpCAM-exosomes 

LncRNA 

annotation 
Gene ID Gene name RNA type 

Log2 

Foldchange 

(A33-Exo 

vs 

EpCAM-

Exo) 

P-value 

Annotated 

lncRNAs 

ENSG00000268713 AC005261.3 lincRNA -8.9 1.58E-02 

ENSG00000224417 AL606970.1 sense_intronic -8.2 2.93E-02 

ENSG00000254854 AP003390.1 antisense -8.1 3.21E-02 

ENSG00000260804 LINC01963 lincRNA -8.0 3.54E-02 

Unannotated 

lncRNAs 

MSTRG.10899 - - -9.8 7.07E-03 

MSTRG.40911 - - -9.3 1.09E-02 

MSTRG.92003 - - -8.8 1.67E-02 

MSTRG.97444 - - -8.8 1.67E-02 

*Unannotated lncRNAs based on the version of Ensembl human GRCh38 annotation file (March 

2019) 

 

3.6 lncRNA validation using RT-qPCR 

3.6.1 Reverse transcription (cDNA synthesis) 

1. Template lncRNA (100 ng to 2.5 µg) and SuperScript™ IV VILO™ Master Mix (4 µL) are 

mixed and topped up with nuclease-free water to 20 µL 

2. Samples are incubated at 25 °C for 10 min 

3. Samples are incubated at 50 °C for 10 min and 85 °C for 5 min, respectively (cDNAs are 

generated) 

4. Primers are designed using OligoArchitec™ Online  

 

3.6.2 Quantitative PCR 
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1. SSoAdvanced universal probes Supermix (2x, 10 µL), forward and reverse primers (250 – 900 

nM) and cDNA template (~100 ng) are mixed and topped up with nuclease-free water to 20 µL 

2. Sample is vortexed for 30 sec and placed on PCR machine (95 °C for 2 min, 30-45 cycles of 

denaturation at 95 °C for 5-15 sec; annealing/extension at 60 °C for 10-30 sec)  

3. LncRNA expression levels between samples are analyzed and calculated using The CFX 

Manager™ Software (v3.1) according to the manufacturer’s instructions (Bio-Rad, USA, 

CFX96™ and CFX384™ Real-Time PCR Detection Systems Instruction Manual)  
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4. Notes 

1. RNAClean XP Beads (193 µL) are added into each well if starting with degraded total RNA 

2. Remove the rest of ethanol by using a 20 µL pipette  

3. ELB is centrifuged at 600 x g for 5 sec before use 

4. FSA is centrifuged at 600 x g for 5 sec before use 

5. CTE is centrifuged at 600 x g for 5 sec and diluted to 1:50 in RSB before use 

6. SMM is centrifuged at 600 x g for 5 sec before use 

7. CTA is centrifuged at 600 x g for 5 sec and diluted to 1:100 in RSB before use 

8. ATL is centrifuged at 600 x g for 5 sec before use 

9. hisat2 inputs either single-ended or pair-ended reads. For pair-ended reads, use -1 and -

2 for forward and reverse reads, respectively. Use options, -x to identify indexes, -S following 

filename to output alignread files in .sam file, --summary-file following 

filename.txt to output summary alignread. 

10. stringtie inputs .bam file(s) and uses option -G following the directory of a human 

annotation file. 

11. Input .bam file(s) and use option -G following the directory of a human lncRNA annotation 

file downloaded from GENCODE by using wget 

ftp://ftp.ebi.ac.uk/pub/databases/gencode/Gencode_human/release_

30/gencode.v30.long_noncoding_RNAs.gtf.gz 

12. - -merge option from stringtie inputs all transcript assembly files from previous 

step. Use options, -G following the directory of human annotation file, -o following the new 

annotation file. This new annotation file will be used for raw read count calculation 

13. gffcompare compares transcripts between the human annotation file and the new 

annotation file. Use options, -r following the directory of human annotation file, -o merged 

following the directory of the new annotation file 
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14. gffread inputs files in FASTA format. Use option -g following the annotation file (.gtf) 

and outputs a full sequence file using option -w 

15. CPAT inputs the full sequence file from the previous step using option -g. CPAT requires 

logitModel.Rdata and Hexamer.tsv files using options -d and -x, respectively. The 

logitModel.Rdata and Hexamer.tsv files are organism-specific. All human files associated with 

CPAT are provided at http://rna-cpat.sourceforge.net/ 

16. featureCounts inputs all align read files from hisat2 (.bam files). Use options, -a 

following the directory of the new annotation file and -o following an output filename (.txt) 

17. biomaRt in R is used to extract information of annotated transcripts such as gene name, 

gene description, gene biotype, and so on (for more information use option attribute). To 

perform biomaRt in R, use  

library("biomaRt") 

ensembl=useMart("ensembl") 

datasets <- listDatasets(ensembl) 

ensembl = useMart("ensembl",dataset="hsapiens_gene_ensembl") 

Then input Ensembl gene id as value.  

After that perform the command below to obtain Ensembl gene id, Ensembl gene name and gene 

biotype 

getBM(attributes=c('ensembl_gene_id','external_gene_name','descr

iption','gene_biotype'), filter='ensembl_gene_id', value=value, 

mart=ensembl).  

Finally, the information is exported using write.csv 

18. An example of phenotype file is shown in Table 4 

 

 

http://rna-cpat.sourceforge.net/
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Table 4. An example of phenotype file  

id condition 

SRR1662176 A33 

SRR1662177 EpCAM 

 

19. Normalized counts are calculation from raw read counts (from FeatureCounts) by using 

R package “DESeq2” followed by these commands 

raw_read_count_matrix = as.matrix(raw_read_counts) 

dds = DESeq(raw_read_count_matrix) 

dds = estimateSizeFactor(dds) 

normalized_counts = counts(dds, normalized=TRUE) 

normalized_counts then are exported using write.csv command 

20. FPKM can be calculated by different R packages and one of the packages is “DESeq2”. It 

requires 2 input files; 1. raw_read_counts file generated by FeatureCounts and 2. 

Length_file that contains length of each transcript in a column format named “Length” 

raw_read_count_matrix = as.matrix(raw_read_counts) 

se = SummarizedExperiment(list(counts = raw_read_count_matrix)) 

dds = DESeqDataSet(se, ~1) 

Then import a length_file 

mcols(dds)$basepairs = length_file[, “Length”] 

fpkm = fpkm(dds) 

then fpkm are exported using write.csv command 

21. FileZilla is an open source software used to connect different servers. For instance, it 

connects High Performance Computing (HPC) Linux clusters with Windows OS then files can 

be managed and transferred between these servers. In this case, hostname, port, username and 
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password used for HPC login are required for connection in FileZilla (FileZilla tutorial available 

at https://wiki.filezilla-project.org/FileZilla_Client_Tutorial_(en)).   
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5. Conclusion 

Long non-coding RNAs are regulatory molecules in transcription and translation processes. Using 

next-generation RNA sequencing, several studies have shown that lncRNAs are present in 

exosomes. The lncRNA analysis method described here utilizes RNA sequencing data and 

stringent parameters to discover annotated and unannotated lncRNAs in two exosome subtypes 

isolated from the human colon cell line (LIM1863). The large-scale isolation, purification and 

characterization of exosomes are described. Our method permits novel exosomal lncRNA 

discovery using RNA sequencing coupled with stringent bioinformatic approaches. This protocol 

facilitates the discovery of novel exosomal lncRNA candidates for future cell biology studies and 

potential disease biomarkers.   
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Figure legend 

Fig. 1 Exosomal lncRNA analysis workflow. The workflow is designed for discovery of 

annotated and unannotated exosomal lncRNAs. The workflow starts from LIM1863 culture in 

Bioreactor classic flasks for a large-scale exosome isolation followed by isolation and 

characterization of exosome subtypes using differential centrifugations, filtration and 

immunoaffinity capture exosome purification (A33- and EpCAM-exosomes), respectively. Total 

RNA is isolated from A33- and EpCAM exosomes for cDNA library construction and next-

generation RNA sequencing. Clean reads are aligned with human genome (GRCh38) using Hisat2. 

Unannotated lncRNAs are identified using Stringtie coupled with Gffcompare. Cutoffs (nucleotide 

length, number of exon, classification codes and protein coding probability) are applied to identify 

unannotated lncRNAs. Raw read count calculation and differential expression analysis are 

performed using FeatureCounts [36] and DESeq2 [37], respectively. RT-qPCR is used to validate 

significantly enriched lncRNAs between the samples. 

Fig. 2 Isolation, purification and characterization of exosomes. (a) LIM1863 cells are cultured 

in Bioreactor classic flasks. Exosomes are isolated and purified using differential centrifugation, 

filtration and A33-, EpCAM-immunoaffinity captures. Proteins in A33-and EpCAM-exosomes are 

quantified using SYPRORuby staining method. A33, EpCAM, ALIX and TSG101 abundance is 

analyzed by immunoblot. A33-exosomes are A33+, ALIX+, TSG101+, EpCAM- and EpCAM-

exosomes are EpCAM+, ALIX+, TSG101+, A33-. Electron microscopy analysis shows A33- and 

EpCAM-exosomes are cupped shape structure with diameter around 40-60 nm see [31]. (b) A 

diagram shows purification of A33- and EpCAM-exosomes using immunoaffinity capture 

technique. 
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Fig. 3 cDNA library construction. This method captures both poly-A tail and non-poly-A tail 

RNAs and depletes rRNAs in samples. Starting from rRNA depletion/RNA fragmentation using 

divalent cations under elevated temperature and synthesis of first and second strands. Then double-

stranded cDNAs are conjugated with adenine at 3’ and adapter sequence. cDNAs are enriched 

using PCR technique and measured quality using Agilent 2100 Bioanalyzer.  
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