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Transitions

® Microarrays for Gene
EXxpression

® Next Generation
Sequencing
OGene Expression
OExon-exon junctions
OGene Fusion
ONovel Genes
OMutation Analysis
OMore....




Challenge

® Can the bioinformatician easily analyze
Next Generation Sequencing Data?
OQuality control of data
OSpeed of analysis
OSize of data
OTypes of analysis
OType of Computer
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Benefits

® Explore areas not previously explored
OGene Fusion
OAlternative Transcription
OMutations linked to expression changes

® New platform for more accurate
expression analysis
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Dataset Background

® 193 million reads

® 36 bp/read

® Paired end technology used
® |[llumina Genome Analyzer
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hESC Differentiation

® 4 stages of neural differentiation
OhESC
ON1 (early initiation)
ON2 (neural progenitor)
ON3 (early glial-like)
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Hypotheses

® We can take RNA-Seq data from the public
domain, perform QC and alignment, then use
the results to explore the following:

O Neuronal differentiation can be detected using systems
biology and next generation sequencing technology at
the early stages of differentiation

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



Sequence Read Archive

SRP002079 GSE20301: Dynamic transcriptomes during neural differentiation of human
embryonic stem cells

Study Type: Transcriptome Analysis
Submission: SRA012181 by INDIVIDUAL on 2010-03-08 21:26:29

The SRA runs have been pre-filtered by NCBI to remove

Abstract: n/a contaminating human sequence. To obtain the unfiltered
Description: Summary: Dynamic transcriptomes during neural differentiation of version of these data, please navigate to dbGaP authorized
human embryonic stem cells revealed by short long, and paired-end access system

sequencing In order to examine the fundamental mechanisms
governing neural differentiation, we analyzed the transcriptome changes - .
that occur during the differentiation of human embryonic stem cells Download fastq for entire study
(hESCs) into the neural lineage. Undifferentiated hESCs as well as cells .
at three stages of early neural differentiation, N1 (early initiation), N2 Experiments

(neural progenitor), and N3 (early glial-like) were analyzed using a Show RUNs for each experiment
combina_tion of single read, paired-end read, and Ion_g rfead RNA e Spots  Bases
sequencing. The results revealed enormous complexity in gene Total: 20 252.7M  11.9G
transcription and splicing dynamics during neural cell differentiation. We L1 = =

found previously unannotated transcripts and spliced isoforms spedific SRX017367 4.7M  332.4M
for each stage of differentiation. Interestingly, splicing isoform diversity SRX017368 9.7M  701.4M
is highest in undifferentiated hESCs and decreases upon differentiation, SRX017369 4.4M  153.6M
a phenomenon we call “isoform specialization.” During neural SRX017370 43M  302.4M
differel_'ltiatio_n, we obsserved diff_erential_ expr_ession of many types of SRX017371 7.3M  482.2M
genes including those involved in key signaling pathways, and a large SRX017372 34.1M  921.6M
number of extracellular receptors exhibit stage-specific regulation. - . .

These results provide a valuable resource for studying neural SRX017373 42.3M 1.5G
differentiation and reveal insights into the mechanisms underlying in SRX017374 1.8M  128.9M
vitro neural differentiation of hESCs, such as neural fate specification, SRX017375 14.0M 1.0G
NPC identity maintenance and the transition from a predominantly SRX017376 7.0M  245.2M

® Public database containing raw sequence
reads including next generation platforms
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Quality Control of Reads
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Alignment
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of bazes

Coverage Statistics

# of bases ® On average,
73% of reads
mapped to
genome (56-
86%)
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Principal Component Analysis
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Results>"Gene Expression Data”
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® 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
d eve I O p m e n t? [ Log2 TPM.Tests_N3 vs hESC.FoldChange

. Log2 TPM.Tests_N2 vs hESC.FoldChange
. Log2 TPM.Tests_N1 wvs hESC.FoldChange
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. Propionate metabolism p.2

3. Development_EDG1 =ignaling via beta-arrestin

4. Signal transduction_cAMP signaling

5. Protein folding_Membrane trafficking and signal
transduction of G-alpha (i) heterotrimeric G-protein  _

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
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Neurophysiological process: ACM1 and ACM2 In
neuronal membrane polarization Heatmap

Specific genes in
the pathway are
activated
throughout the
development
process
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Development Neurogenesis:
Synaptogenesis
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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

® Unigue exons can be used to detect alternative
splicing
ONot many unique exons for a comprehensive gene
model like Ensembl
® Detection of exon-exon junctions is done during
the alignment stage

OJunctions can potentially be used to look for
alternative splicing

ONovel genes
ONovel isoforms
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=l Protein Details

TBA1B HUMAN
Mame
Synonyms

Description

Malecular Weight
Relations (Parents)
Localization

Organ,/Tissue Expression

(Rra)

N1 W2 N3
Stage

TBALE_HUMAN / Tubulin alpha-1B chain
Alpha-tubulin ubiguitous, TBAL1B_HUMAN, Tubulin alpha-1B chain, Tubulin alpha-ubiquitous chain, Tubulin K-alpha-1

Tubulin is the major constituent of microtubules. It binds two moles of GTP, one at an exchangeable site on the beta
chain and one at a non-exchangeable site on the alpha-chain.

50152

Tubulin alpha (HUMAN) (Protein group), Tubulin (in microtubules) (HUMAN) (Group of complexes)

microtubule

Adrenal Glands; Bone Marrow; Brain; Colon; Fetal brain; Fetal kidney; Fetal liver; Fetal thymus; Heart;
Intesting, Small; Kidney; Liver; Lung; Lymphocytes; Mammary Glands, Human; Muscle, Skeletal; Owvary;
Palatine Tonsil; Pancreas; Placenta; Prostate; Retina; Salivary Glands; Skin; Spinal Cord; Spleen; Testis;
Thymus Gland; Thyroid Gland; Trachea; Uterus



TUBAILB Alternative Transcription

® Using detection of

ranseript [1] | TUBATB
ranscript [2] TUBAIB ; ;
SR — i junctions, we can
detect that there is
[ a switch in
o | transcription
. L between the two
| splice variants
D 1, ® Transcript[1]
expressed in hESC
B : | stage, but not N1,
. o N2, or N3 stages
OmicSoft
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Unannotated exon junctions
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Summary

® |t is possible to take NGS data from the public
domain, align that data to the genome, and then
look for gene expression patterns
O Differential expression
O 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

OmicSoft



Other Questions

® Pathways involved in keeping embryonic
stem cells from differentiating

® Novel genes/isoforms
® Gene Fusion

® Mutations linked to gene expression
changes

OmicSoft



Questions on Methods

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

OmicSoft
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