
IN-BIOS 5000/9000 Small RNAseq

Small RNA transcriptomics
Trine B Rounge



IN-BIOS 5000/9000 Small RNAseq

Learning outcomes – small RNAseq

1. What are small RNAs 
• Their role in the cell and in bodily fluids

2. What is small RNAs transcriptomics
• Methods/technologies

• Experimental design

3. How to analyse small RNA-sequencing data

4. Research examples
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1. Small RNAs 
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What are small RNAs

Palazzo & Lee, Front Genet, 2015
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miRNA   -   Lee et al, Cell, 1993
Dicer      -   Hutvagner et al, Science, 2001
Drosha   -   Lee et al, Nature, 2003

RNA-induced silencing complex  (RISC) 
including the Argonaute protein

miRNAs
~ 22 nucleotide in length
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Pichler & Calin, Br J Cancer 2015

miRNA function

• The miRNA-RISC complex targets 
mRNA for silencing. 

• target multiple mRNAs and 
multiple miRNAs can target the 
same transcript.

• the fine tuning of most protein 
products within the cell.
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The researchers found that the lin-4 RNA 
strand, later called a microRNA, attaches 
to a stretch of the lin-14 messenger RNA, 
preventing the protein from being made 
through a process known as translation.

For years, the discovery was viewed as a 
quirk unique to roundworms, without 
much relevance to other organisms. That 
view was shattered in 2000, when 
Ruvkun’s team found that miRNAs was 
shared by humans, mice and most of the 
rest of the animal kingdom.

https://www.nature.com/articles/d41586-024-03212-9
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Isoforms

Variability in Dicer and Drosha processing

IsomiRs
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miRNA expression in cancer

Pichler & Calin, Br J Cancer 2015
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piRNA

• 26-31 nucleotides in length 

• transcribed in clusters

• 5’ uridine

• a role in RNA silencing via PIWI

• active in the testes of mammals

• silencing of transposons

• silencing via RISC

• amplified by a ping-ping 
mechanism
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Kanai, Life, 2015

tRNA fragments

• 76 - 90 nucleotides in length

• carrying an amino acid to 
the ribosome

• Fragmented in halfs (stress 
induced) and fragments 
(1/4) (RISC regulation, 
epigenetic control, 
metabolism, immune activity 
and stem cell fate 
commitment)
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2. Small RNAs transcriptomics
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Study design

Materials

Lab methods

Biostatistics

Presentation

question and hypothesis 

quality and quantity

how

tools and choices

tests

interpretation

Bioinformatics
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Small RNA transcriptomics

• Study of the the complete set of small RNA transcripts that are
produced by the genome, under specific circumstances or in a specific
cell—using high-throughput methods

• Transcribed as small RNAs

• Processed to small RNA

• Degraded to small RNA

Study design
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Experimental design

• Biological question

• Species specific information
• Genome and annotation available

• Sample variation and quality

• Technology
• Technical variation

• Technical bias

• Depth vs sample size/replicates

• Data analyses

Study design
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Small RNA Technologies
Lab methods
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Small RNA transcriptomics

Size selection AGO immunoprecipitation

Lab methods
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Small RNA transcriptomics

• Size selection is not perfect

• Bias can be introduced

• Size distribution need to be 
checked
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Read length distribution

Lab methods
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Small RNA sequencing – library preparation
Lab methods
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Lab methods

UMIs in small RNA seq
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Analyse small RNA sequencing data
Bioinformatics

Quality 
assessment

Trimming

Mapping

Quantification

Workflows
Collapsing read 

?

Statistics
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Small RNAseq workflow

From Fastq files to small RNA read counts

• Reproducible

• Detect isoforms

• Detect most small RNA classes

• Efficient and can use multiple cores

Bioinformatics
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https://github.com/sinanugur/sncRNA-workflow
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Snakemake
• tool to create reproducible and scalable data analyses. 

• python based language. 

• can be scaled to server, cluster, grid and cloud environments. 

https://snakemake.readthedocs.io/en/stable/

Bioinformatics
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https://github.com/nf-core/smrnaseq https://www.nextflow.io/

Bioinformatics
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Bioinformatics

Quality 
assessment

Trimming

Collapsing read 
?

Preprocessing FASTQ files

• Quality assessment and trimming is very similar to RNA seq
• Check read lengths after trimming to assess if the library is 

matching your target RNA classes

• Collapsing reads
• Many identical sequences – RNAs

• Saves compute time to collaps these

• Add copy number to seqcuence header
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Mapping and counting

• Mapping
• Mapper and setting must be adapted to short sequences

• Bowtie2 – in end-to-end mode
• BWA
• Bowtie1

• Reference for mapping
• Whole genome
• RNA database

• MirBase
• Mirgenedb

• Counting
• Featurecount
• HTSeq

Bioinformatics

Mapping

Quantification



IN-BIOS 5000/9000 Small RNAseq

Small RNA count data

• Similar to mRNA count data

• Each class analysed separatly
• Detection/sequencing bias due to length differences

Bioinformatics

Statistics
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Read counts

Gene/Sample Sample 1 Sample 2 Sample 3 
repA

Sample 3 
repB

Gene A 5 0 45 101

Gene B 17 500 32 67

Gene C 752 16432 20020 45078

Total 350250 278090 400890 799009

Normalization

Bioinformatics

Statistics
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Normalization

• Sequencing depth – library size

• Sequencing length

• Variance across means
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Noise for low counts

• Poisson counting error
• Uncertantinty in counting-based meassurements

• Disproportionatly large for low-count data
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Bioinformatics

Statistics
Challenges with using count data

• Large dynamic range – from zero to millions

• Variance is not equal across range of counts

• Positive integers and non-symmetric distribution – not normally 
distributed
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Differential gene expression (DE) analyses

• Statistically testing if gene expression differ
• Between conditions

• With continuous  variable

• Wald test – DESeq2 – similar to t-test

• Assumptions: most genes are not DE

• Null hypothesis: the same aboundances across groups/conditions

Bioinformatics

Statistics
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Gene enrichment analyses
Bioinformatics

Statistics

DE miRNA

Target mRNA

Enrich 
pathways

https://ccb-compute2.cs.uni-saarland.de/mieaa/
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4. Research examples
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Prediagnostic serum RNA dynamics in lung cancer
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Aims

Identify circulating ncRNAs as early 
detection biomarkers of cancer 

RNAs that disciminate healthy and 
those who will develop lung cancer
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Pre-diagnostic biomarker –> pre-diagnostic samples

pre-diagnostic samples -> old 
samples -> sample quality

-> low volume  

-> low ncRNA yields

-> storage effects

-> sampling over time 

-> differing protocols

Langseth et al, Int J Epidemiol, 2016, Hjerkind et al, Int J Epidemiol, 2017

• Collected from 1972-2003

• Norwegian population
• 90 % health surveys
• 10% red cross blood donors

• > 300 000 donors

• Linkage to the cancer registry

• Questionnaries
• Smoking
• BMI
• Physical activity ++
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Sample quality

*

Rounge et al, CEBP, 2015
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ncRNA detection in serum
STEP 1: RNA extraction STEP 3: SequencingSTEP 2: sncRNA library prep.

• 2x200 µl serum
• miRNeasy and Trizol
• Glycogen carrier
• RNA internal control
• QIAcube

• NEBNext small RNA 
Libraries.

• 17-47 nt RNA size

• Sequencing on the
Illumina HiSeq 2500

• 12 libraries per lane
• ~ 18 mill sequences per 

sample
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RNAs in serum samples (n=477)

Umu et al. RNA biol. 2018

mRNA frag.
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Expression variation

• Technical vs biological 
variation

• Biological variation 
• Too much

• Too little

Umu et al, RNA Biol, 2018

ncRNA variation in 477 serum samples from healthy donors Sinan U Umu
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Colorectal
(488/520)

Lung
(404/559)

Testicular
(84/84)

Controls
(N=673)Prostate

(332/450)

Breast
(206/395)

Gall 
bladder
(27/27)

Ovaries
(88/100)

Study design and participants

• Janus serum samples donated up to 10 years prior to diagnosis
• Controls : 

• Free from cancer at least 10 years after blood collection
• Frequency matched on age, sex, storage time

• Serial samples in approximately 20% of the patients

Langseth et al, MedRxiv 2021

Endometrium
(320/320)
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Summary
• Large-scale serum ncRNA analyses for biomarker research require

• optimized methods
• knowledge of technical and biological variation

• RNA classes have similar variation

• control for traits and exposome effects, 
• Age
• Smoking

• ncRNA signals in pre-diagnostic lung cancer serum samples are highly 
dynamic
• Signals appear up to 10 years prior to diagnosis
• Stage and histology specific
• Disrupts proliferation related signalling pathways
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Small RNAs used in classification

• Machine learning (ML) algorithms can be used for classification

• Differential expression analyses that analyse one RNA at the time

• ML can identify “patterns” in the data that can be used to classify a 
sample
• Disease or healthy 
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Classical machine learning 

Supervised Unsupervised

pre-categorized or 
numerical 

not labeled

Diseased

Predict 
number/function

Classification Regression Clustering Dimension 
reduction

by similarity
hidden 
dependency

Credit: https://vas3k.com/blog/machine_learning/

Predict 
category

Healthy

Drug response 
by BMI

Cells by 
metabolites  

Gene profile 
by given genes 
expressed

https://vas3k.com/blog/machine_learning/
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Resources

• https://edu.t-bio.info/course/transcriptomics-1/
• https://edu.t-bio.info/course/transcriptomics-2/
• https://edu.t-bio.info/course/transcriptomics-3/
• https://edu.t-bio.info/course/transcriptomics-4/
• https://www.youtube.com/watch?v=WbJ9OA2vevk&feature=youtu.be&ab_c

hannel=PineBiotech
• https://www.youtube.com/watch?v=UFB993xufUU&ab_channel=StatQuestwi

thJoshStarmer
• https://www.youtube.com/watch?v=Gi0JdrxRq5s&ab_channel=StatQuestwit

hJoshStarmer
• https://www.youtube.com/watch?v=tlf6wYJrwKY&ab_channel=StatQuestwith

JoshStarmer

https://edu.t-bio.info/course/transcriptomics-1/
https://edu.t-bio.info/course/transcriptomics-2/
https://edu.t-bio.info/course/transcriptomics-3/
https://www.youtube.com/watch?v=WbJ9OA2vevk&feature=youtu.be&ab_channel=PineBiotech
https://www.youtube.com/watch?v=WbJ9OA2vevk&feature=youtu.be&ab_channel=PineBiotech
https://www.youtube.com/watch?v=UFB993xufUU&ab_channel=StatQuestwithJoshStarmer
https://www.youtube.com/watch?v=UFB993xufUU&ab_channel=StatQuestwithJoshStarmer
https://www.youtube.com/watch?v=Gi0JdrxRq5s&ab_channel=StatQuestwithJoshStarmer
https://www.youtube.com/watch?v=Gi0JdrxRq5s&ab_channel=StatQuestwithJoshStarmer
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