
SMALL RNA SEQUENCING
AND ANALYSIS

PHD PROGRAM 16 JANUARY 2018

Tao YE
Bioinformatics Engineer
GenomEast Platform (IGBMC)



CONTENT

 Introduction of small RNA
 Sample preparation (Illumina TruSeq)
 Sequencing
 Bioinformatics analysis
 Data visualisation
 Integration of RNAseq and small RNAseq data



1. INTRODUCTION OF SMALL RNA

Non-coding small RNA
 ~ 2% genome: protein coding transcripts
 ?% for non-coding RNA?
 miRNA, piRNA, rRNA, tRNA, snRNA, snoRNA, etc… 

MicroRNA: 
 essential roles in many biological processes
 30% - 60% mRNAs targeted by 1+ miRNA
 Mature micro RNA: ~ 22nt

Présentateur
Commentaires de présentation
It’s not the coding RNA,Non-coding RNA are the majority of the transcripts 
Except the protein coding RNA, there’s still a lot of non-coding small RNAs. 
microRNA, main interest of small rna seq project
Ideally to be sequenced with 2nd generation sequencing machines




A distinct class of small RNAs arises from pre-miRNA–proximal regions in a simple chordate
Weiyang Shi et al. Nature Structural & Molecular Biology 16, 183 - 189 (2009) Published online: 18 January 2009
doi:10.1038/nsmb.1536

MICRO RNA SEQUENCES
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What kind of sequences we obtein by sequencing…

http://www.nature.com.gate2.inist.fr/nsmb/journal/v16/n2/full/nsmb.1536.html


2. SAMPLE PREPARATION (ILLUMINA TRUSEQ)
Total RNA or purified small RNA Fragments  (min: 1µg)

Ligation of PCR adapter 
RNA 5’ Adapter RNA 3’ Adapter

PCR Amplification
Primer with index sequence

Gel purification 
(pooled index option)

Sequencing

50bp 6bp+

~150bp

5’ p 3’ OH
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3. SEQUENCING

Hiseq 4000 ~300 million reads/lane
8 lanes / flowcell

Possiblity to multiplex with 
indexing ,up to 24 
samples/lane, > 10 millions 
reads/sample

 Basepair resolution, possibility to 
find nucleotide modification

 Novel small RNA discovery 
 More time for sample 

preparation, data analysis



QUALITY CONTROL

 Per base sequence content

ChIP-seq

FastQC (Simon Andrews)

Présentateur
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plots out the proportion of each base position for which each of the four normal DNA bases has been called.
different with the chipseq or rnaseq, small… important bias


https://www.bioinformatics.babraham.ac.uk/people.html#simon


QUALITY CONTROL

 Overrepresented sequences

Sequencing

50bp 6bp+

5’ PCR primer 3’ PCR primersequence



4. BIOINFORMATICS ANALYSIS



4. BIOINFORMATICS ANALYSIS

 Analysis consensus: 
 Sequences cleaning (cut the adapters)

 Mapping to the target genome

 Annotation and quantification of small RNAs 
expression

 Novel miRNA discovery and quantification

 Differential expression analysis



CUT THE ADAPTERS

 Example
 Input reads
 - adapter reads
 - too-short reads
 - non-clipped reads (optional)
 Output reads: ~90% input

 Tools:
 Fastx_toolkit:  fastx_clipper

(http://hannonlab.cshl.edu/fastx_toolkit/)
 cutadapt(http://code.google.com/p/cutadapt/)
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Fastq files

http://hannonlab.cshl.edu/fastx_toolkit/
http://code.google.com/p/cutadapt/


SIZE DISTRIBUTION



MAPPING

 Small non coding RNA:
 Small sequence ( ≈ ChIP-Seq)
 No splicing ( ≠ mRNA-Seq)
 Multiply mappable reads

 mmu-mir-9: chromosome 3, 7, 13

 Bowtie Aligner:
 Burrows-Wheeler index
 ultrafast, memory-efficient short read aligner
 Used for ChIP-Seq, mRNA-Seq(TopHat, Cufflinks)
 Output SAM/BAM, BED

 example
Input: 11,972,296 reads
Failed: 904,561 (7.56%)
Multimap > 15 times: 2,882,000 (31.22%)
Output: 8,185,735 » » 15,044,571 Bowtie (Langmead B et al. Genome Biol)
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SAM/BAM
BED

# reads with at least one reported alignment: 8185735 (68.37%)
# reads that failed to align: 904561 (7.56%)
# reads with alignments suppressed due to -m: 2882000 (24.07%)
Reported 15044571 alignments to 1 output stream(s)




ANNOTATION

 miRBase (http://www.mirbase.org/)
 Release 21 (June 2014)
 Homo sapiens: 1881 precursors, 2588 mature

 Rfam (http://rfam.xfam.org/)
 non-coding RNA family database
 Release 12.0 (July 2014)
 rRNA, tRNA, snoRNA, miRNA …

 NONCODE (http://www.noncode.org/)
 a database of all kinds of noncoding RNAs (except 

tRNAs and rRNAs)
 Release v4 (January 2014)
 piRNA, lncRNA, etc.

http://www.mirbase.org/
http://rfam.xfam.org/
http://www.noncode.org/


QUANTIFICATION OF EXPRESSION

 GFF (General Feature Format)
chr1 Rfam ncRNA 566311 566376 26.31      - . ID=RF00005.7;Alias=tRNA;

chr1 Rfam ncRNA 1102495 1102568 74.59      +    . ID=RF00241.1;Alias=mir-8

 Overlap reads with annotations

 Weight multiple mapping reads to the read number
 A read aligned to 5 different locations on the genome, 

count 0.2 read for each location

5’ mir mature 3’ mir mature

94



DIFFERENTIAL EXPRESSION

 Expression, read counts ≈ mRNA-Seq

 Variability of experiment and sequencing are 
important

 DESeq2 package (Love MI, Huber W and Anders S (2014))

 R language

Need replicates



DESEQ2

mir Mean_A Mean_B foldChange Log2 Fold Change p value p value adjusted
hsa-mir-1269 416.18 51.48 0.12 -3.015029278 5.95E-15 5.39E-12
hsa-mir-192 7470.37 1907.87 0.25 -1.969211399 1.75E-10 7.91E-08
hsa-mir-891a 35.47 5.40 0.15 -2.713956385 1.38E-07 4.03E-05
hsa-mir-490 29.83 3.80 0.12 -2.969589001 1.78E-07 4.03E-05
hsa-mir-30a 240331.24 93779.96 0.39 -1.357672547 3.97E-07 7.20E-05
hsa-mir-194-2 153.57 49.63 0.32 -1.629491061 9.16E-06 0.001383467
hsa-mir-184 134.27 45.11 0.33 -1.573620723 6.14E-05 0.007945707
hsa-mir-194-1 82.76 28.98 0.35 -1.513708416 0.000101201 0.011461033
hsa-mir-222 14456.12 7372.35 0.50 -0.971484018 0.000234695 0.023625958
hsa-mir-302b 4.09 0 0 =-Inf 0.000416083 0.037535346
hsa-mir-215 88.08 31.72 0.36 -1.473020134 0.000455727 0.037535346
hsa-mir-599 17.79 5.04 0.28 -1.81779395 0.000531559 0.040132729
hsa-mir-876 16.67 3.46 0.20 -2.268892743 0.000820279 0.057167161



AVAILABLE SOFTWARES

 ncPRO-seq (https://ncpro.curie.fr/)
 Local installation with many dependencies
 Focus on all ncRNA and the profile of expression
 Interactive html report and pdf report
 Galaxy implementation  

Reads Annotation Overview RFAM Repetitive Regions

https://ncpro.curie.fr/


AVAILABLE SOFTWARES
MIRDEEP2

 Command line style, easy installation ( external 
packages included )

 Interactive Html report
 Can do:

 Identify known and novel miRNAs
 No species limitation ( user have to download a 

genome and build the genome index himself)

Marc R. FriedIander et al. 
Nucleic Acid Research, september 2011
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Novel miRNA discovery 



5. DATA VISUALISATION

 UCSC Genome browser



5. DATA VISUALISATION

 IGV Integrative Genomics Viewer
(James T. et al. Nature Biotech. 2011)

5’ moR

5’ miR
3’ miR



6. INTEGRATION OF RNASEQ AND SMALL RNASEQ
DATA
-- TARGET PREDICTION
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TARGET PREDICTION

 Bioinformatic prediction programs 
 miRanda (John et al., 2004), 
 PicTar (Krek et al., 2005), 
 PITA (Kertesz et al., 2007), 
 RNAhybrid (Rehmsmeier et al., 2004),
 TargetScan (Lewis et al., 2005) 

http://www.sciencedirect.com/science/article/pii/S009286741300439X#bib23
http://www.sciencedirect.com/science/article/pii/S009286741300439X#bib26
http://www.sciencedirect.com/science/article/pii/S009286741300439X#bib24
http://www.sciencedirect.com/science/article/pii/S009286741300439X#bib42
http://www.sciencedirect.com/science/article/pii/S009286741300439X#bib29
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CLASH SEQ

 CLASH=Cross-linking ligation and sequencing of 
hybrids

 Purpose : Identification of sites of RNA-RNA 
interaction

 Protocol optimized for studying miRNA targets 
bound by Argonaute proteins 
 « but should be easily adapted for other RNA-

binding proteins and class of RNA »
 Hyb: A bioinformatics pipeline for the analysis of 

CLASH data 
 Travis et al. Methods 2014



Helwak et . Cell 2013 & Nature Protocols 2014

CLASH SEQ



CLASH SEQ
RESULT

 ∼2% were chimeric reads reflecting 
intermolecular stem structures present in the 
AGO1-associated RNAs

 Only around 37% of seed interactions are 
uninterrupted Watson-Crick base pairing

 Different miRNAs vary in the relative 
proportions of targets in 5′ UTRs, coding 
sequences, and 3′ UTRs. 
 miR-100: 4% 5′ UTR: 23% CDS: 73% 3′ UTR
 miR-149: 8% 5′ UTR: 72% CDS: 19% 3′ UTR

Présentateur
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New techSurprising result



MIRNA-TARGET INTERACTION DATABASES

 miRTarBase, LT, HT (Hsu et al. nar 2011)
 miRNA-target interactions: 366,181

 TarBase, LT, HT, Pre (Vlachos et al. nar 2014)
 indexing more than 65,000 miRNA-gene interactions

 starBase 2.0, HT (Li et al. nar 2014)
 108 CLIP-Seq (HITS-CLIP, PAR-CLIP, iCLIP, 

CLASH)
 miRecords, LT, HT (Xiao et al. nar 2009)

 2705 records of interactions between 644 miRNAs and 
1901 target genes in 9 animal species.

 … 

Présentateur
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manually surveying pertinent literature after data mining of the text systematically to filter research articles related to functional studies of miRNAs. 



INGENUITY IPA
 using experimentally validated interactions from 

TarBase, miRecords, 
 the peer-reviewed biomedical literature, 
 predicted microRNA-mRNA interactions from 

TargetScan
 Friendly user interface



IPA RESULT

 Input DE small RNA-seq and RNA-seq data



IPA RESULT
Pair number Source

26969 TargetScan Human
92 miRecords
69 "TargetScan Human,miRecords"
57 TarBase
56 "Ingenuity Expert Findings,TargetScan Human"
51 Ingenuity Expert Findings
43 "TarBase,TargetScan Human"
16 "Ingenuity Expert Findings,TargetScan Human,miRecords"
13 "TarBase,TargetScan Human,miRecords"
12 "TarBase,miRecords"

7 "Ingenuity Expert Findings,TarBase,TargetScan Human,miRecords"
1 "Ingenuity Expert Findings,Ingenuity ExpertAssist Findings,TargetScan Human"

1 "Ingenuity Expert Findings,miRecords"
1 "Ingenuity Expert Findings,TarBase,TargetScan Human"



FUNCTIONS AND REGULATORY
MECHANISMS ANALYSES

 Gene Ontology, pathways analyses
 Need accurate miRNA-RNA interaction data

 Tools (miRNet, 2016 nar)



THANK YOU

 GENOMEAST PLATFORM
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Céline KEIME
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