
Задачи транскриптомики 
("РНК биоинформатика")

Ярослав Баранов
МНЛ«Компьютерные технологии», Университет ИТМО



Overview

● Microarray

● RNA-Seq:

Transcriptome assembly

Quantification of transcripts (diff. gene expression)

● Single-cell RNA-Seq



The evolution of transcriptomics

1995 P. Brown, et. al. 
Gene expression profiling
using spotted cDNA microarray: 
expression levels of known genes

2002 Affymetrix, whole genome 
expression profiling using tiling 
array: identifying and profiling 
novel genes and splicing variants

2008 many groups, mRNA-seq: 
direct sequencing of mRNAs using 
next generation sequencing 
techniques (NGS)

RNA-seq is still a technology under active development

Hybridization-based



Microarray (микрочип)



How RNA-seq works

Figure from Wang et. al, RNA-Seq: a revolutionary tool for transcriptomics, Nat. Rev. Genetics 10, 57-63, 2009).

Next generation sequencing (NGS)

Sample preparation

Data analysis:
Mapping reads
Visualization (Gbrowser)
De novo assembly
Quantification 



Microarray vs. RNA-Seq



Microarray vs. RNA-Seq



Gene expression heatmap



Next generation sequencing (NGS) techniques

454 Sequencing Illumina/Solexa ABI SOLiD

Sequencing 
Chemistry Pyrosequencing

Polymerase-based 
sequence-by-
synthesis

Ligation-based 
sequencing

Amplification 
approach Emulsion PCR Bridge amplification Emulsion PCR

Paired end (PED) 
separation 3 kb 200-500 bp 3 kb

Mb per run 100 Mb 1300 Mb 3000 Mb

Time per PED run <0.5 day 4 days 5 days

Read length (update) 250-400 bp 35, 75 and 100 bp 35 and 50 bp

Cost per run $ 8,438 USD $ 8,950 USD $ 17,447 USD

Cost per Mb $ 84.39 USD $ 5.97 USD $ 5.81 USD



Genomics
WGS, WES

Transcriptomics
RNA-Seq

Epigenomics 
Bisulfite-Seq

 ChIP-Seq

Small indels

point mutation

Copy number 
variation

Structural 
variation

Differential 
expression

Gene fusion

Alternative 
splicing

RNA editing

Methylation

Histone 
modification

Transcription 
Factor binding

Functional effect of 
mutation

Network and 
pathway analysis

Integrative analysis

Further understanding of cancer and clinical applications

Technologies Data Analysis Integration and interpretationPatient

Shyr D, Liu Q. Biol Proced Online. (2013)15,4



Transcriptome assembly



How to assemble multiple alternative spliced transcripts?

11 22 33

In the presence of AS, conventional assembly may be erroneous, ambiguous, or In the presence of AS, conventional assembly may be erroneous, ambiguous, or 
truncated.truncated.

Overlapping

truncated truncated

correct truncated



Splice graph approach 

Replace the problem of finding a list of 
consensus sequences 

with Graph Reconstruction Problem:

 Given an set of expressed sequence, find 
a minimal graph (splicing graph) 
representing  all transcripts as paths.

Heber, et. al. ISMB 2002 



Splicing graphs



Splicing graph construction

If a reference genome is used:
 Map reads to the reference genome (short read aligner)
 Check alignment (splice sites, quality)
 Connect consecutive positions
 Build splicing graph

splicing graphsplicing graph

genomic seq.genomic seq.

transcript 1 transcript 1 

transcript 2 transcript 2 



                            CGG CGG GGAGGA
CTC CTC  TCG  TCG  CGA   CGA  GAT GAT ATG ATG TGA TGA GACGAC

Splicing graph construction
If a reference genome sequence is not used:
 Break sequences into k-mers (20-mers).
 Build graph using k-mers as vertices, connect them iff they occur consecutively 

in a sequence [Pevzner et al., 2001].

Example (3-mers):
Sequences: CTCGATGAC, CTCGGAC
Vertices:   CTC, TCG, CGA, GAT, ATG, TGA, GAC, CGG, GGA

splicing graphsplicing graph

CTCG  AT GAC

collapsed splicing graph



Splicing graph and splicing 
variants

A B C D

A B C D

s

s

f

f

An edge in the splicing graph, called a block, represents a maximal sequence of adjacent exons or 
exon fragments that always appear together in a given set of splicing variants. Therefore, variants 
can be represented by sequence of blocks, e.g. {ABCD, C, AD}.

Vertices s and f are included into graph, and are linked to the 5’ and 3’ of each variant, 
respectively. Each splicing variant corresponds to a directed path that goes from s to t. But note 
that some paths in the splicing graph do not correspond to real variants, e.g. {ABC, CD}.

Larcroix, et. al. WABI, 2009
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Transcript quantification



Transcript quantification



From reads to differential expression
Raw Sequence Data

FASTQ Files

Unspliced Mapping
BWA, Bowtie

Mapped Reads
SAM/BAM FilesExpression Quantification

DEseq, edgeR, etc 

Functional Interpretation

QC by 
FastQC/R 

QC by 
RNA-SeQC 

Spliced 
mapping

TopHat, MapSplice

Reads Mapping

Summarize read 
counts

FPKM/RPKM
Cufflinks

Cuffdiff

DE testing

Function 
enrichment

Infer networks
Integrate with 

other data

Biological Insights & hypothesis

List of DE



FASTQ files
Line1: Sequence identifier
Line2: Raw sequence  
Line3:  meaningless
Line4: quality values for the sequence
       



Sequencing QC

Information we need to check 
• Basic information( total reads, sequence length, etc.)
• Per base sequence quality
• Overrepresented sequences
• GC content
• Duplication level
• Etc.



FastQC

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/



Per base sequence quality



Duplication level



Overrepresented Sequences

Adapter



From reads to differential expression
Raw Sequence Data

FASTQ Files

Unspliced Mapping
BWA, Bowtie

Mapped Reads
SAM/BAM FilesExpression Quantification

DEseq, edgeR, etc 

Functional Interpretation

QC by 
FastQC/R 

QC by 
RNA-SeQC 

Spliced 
mapping

TopHat, MapSplice

Reads Mapping

Summarize read 
counts

FPKM/RPKM
Cufflinks

Cuffdiff

DE testing

Function 
enrichment

Infer networks
Integrate with 

other data

Biological Insights & hypothesis

List of DE



Read mapping

Unlike DNA-Seq, when mapping RNA-Seq reads back to 
reference genome, we need to pay attention to exon-exon 
junction reads

exon mapping exon-exon junction



SAM/BAM format
Two section: header section, alignment section

http://samtools.sourceforge.net
/SAM1.pdf



One example: SAM file
Read ID Flag

83= 1+2+16+64  
read paired; read mapped in proper pair; read reverse strand; first in pair

pos MQ



Expression quantification

• Count data
– Summarized mapped reads to CDS, gene or exon level



Count-based methods (R packages)
1. DESeq -- based on negative binomial distribution
2. edgeR -- use an overdispersed Poisson model
3. baySeq -- use an empirical Bayes approach
4. TSPM -- use a two-stage poisson model



RPKM/FPKM-based methods

• Cufflinks & Cuffdiff
• Other differential analysis methods for microarray 

data
– t-test, limma etc.



Chlamydomonas reinhardtii Gene Co-expression Network

link



Single-cell RNA-Seq

http://viridiplantae.ibvf.csic.es/ChlamyNet/index.html




scRNA-seq analysis 



Moore’s law in single cell transcriptomics



Schematic overview of the drop-seq method



UMI sequencing protocol



Potential Errors in UMIs





tSNE plots



SC3 pipeline



Heatmap of the expression matrix



Identified marker genes



Спасибо за внимание!
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