
RNA-Seq statistical analysis, visualization, and 
systems biology: Neural Differentiation of hESCs

using paired-end sequencing technology

Matt Newman
484-918-0515

matt.newman@omicsoft.com
Omicsoft Corporation

7-30-10



Transitions
Microarrays for Gene 

Expression
Next Generation 

Sequencing
Gene Expression
Exon-exon junctions
Gene Fusion
Novel Genes
Mutation Analysis
More….



Challenge

Can the bioinformatician easily analyze 
Next Generation Sequencing Data?
Quality control of data
Speed of analysis
Size of data
Types of analysis
Type of Computer



Benefits

Explore areas not previously explored
Gene Fusion
Alternative Transcription
Mutations linked to expression changes

New platform for more accurate 
expression analysis



Dataset Background

193 million reads
36 bp/read
Paired end technology used
 Illumina Genome Analyzer



hESC Differentiation

4 stages of neural differentiation
hESC
N1 (early initiation)
N2 (neural progenitor)
N3 (early glial-like)



Hypotheses

We can take RNA-Seq data from the public 
domain, perform QC and alignment, then use 
the results to explore the following:
Neuronal differentiation can be detected using systems 

biology and next generation sequencing technology at 
the early stages of differentiation

Next generation sequencing can be used to explore the 
possibility of alternative splicing in neuronal 
development.



Sequence Read Archive

Public database containing raw sequence 
reads including next generation platforms



Quality Control of Reads

Use quality score and base distribution to 
gauge quality of each set of reads
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Alignment

 Using OSA 
(Omicsoft Aligner 
Algorithm)

 Uses trimming of 
bases for quality to 
allow for a higher 
mapping percentage

 30 hours for 
alignment and 
counting algorithms 
on a Windows 
Computer w/6 gb
RAM and 4 cores



Coverage Statistics

 On average, 
73% of reads 
mapped to 
genome (56-
86%)

 For 36bp 
reads, this is 
good 
performance



Principal Component Analysis

Across over 49, 
733 ENSEMBL 
IDs, we can’t see 
much separation 
between stages
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Results”Gene Expression Data”

 After alignment, you are left with a type of “gene expression data”.  Can 
be analyzed in Array Studio and MetaCore



How early can we detect neuronal 
development?

Up-regulation of neuronal development pathways can be 
detected early as N2 stage, but not N1.



Neurophysiological process: ACM1 and 
ACM2 in neuronal membrane polarization

 Clear 
evidence 
of increase 
in pathway 
at N2 and 
N3 stages

 Possibly 
evidence 
at N1 
stage (not 
statistically 
significant)



Neurophysiological process: ACM1 and ACM2 in 
neuronal membrane polarization Heatmap
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Specific genes in 
the pathway are 
activated 
throughout the 
development 
process



Development Neurogenesis: 
Synaptogenesis

Multiple markers in the network are increased at 
N2 and N3 stages of development.  Markers 
cannot be detected at N1 stage



Detection of Alternative Transcription

 Unique exons can be used to detect alternative 
splicing
Not many unique exons for a comprehensive gene 

model like Ensembl
 Detection of exon-exon junctions is done during 

the alignment stage
Junctions can potentially be used to look for 

alternative splicing
Novel genes
Novel isoforms



TUBA1B 
Expression

Not 
differentially 
expressed 
between stages



TUBA1B Alternative Transcription
 Using detection of 

exon-exon 
junctions, we can 
detect that there is 
a switch in 
transcription 
between the two 
splice variants

 Transcript[1] 
expressed in hESC
stage, but not N1, 
N2, or N3 stages



Unannotated exon junctions

Much to be 
learned
Novel 

genes
Novel 

isoforms



Summary

 It is possible to take NGS data from the public 
domain, align that data to the genome, and then 
look for gene expression patterns
Differential expression
Alternative transcription

 Detection of neuronal pathways does not occur 
easily until the N2 and N3 stages in 
differentiation

 Alternative transcription can be detected by 
looking at exon-exon junctions



Other Questions

Pathways involved in keeping embryonic 
stem cells from differentiating
Novel genes/isoforms
Gene Fusion
Mutations linked to gene expression 

changes



Questions on Methods

For questions on methods for analysis or 
more information, contact 
matt.newman@omicsoft.com
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