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24/28 Samples assayed by qPCR (FFPE) and NanoString (FFPE) and 

Microarray (Fresh Frozen) were grouped together using the PAM50 genes

(Bernard, Perou and Ellis, unpublished)



Current Gene Expression Technologies

1.     DNA microarrays 

- Moderate precision covering ALL genes, fast, and inexpensive

- long oligos (60-70mers/Agilent/Nimblegen) ï1-2 oligos/gene 

- short oligos (~25mers/Affymetrix) ï5-10 oligos/gene

- cDNA arrays (100-1000bp PCR products/Stanford) ï1-2 cDNA clones/gene

2. Quantitative RT-PCR 

- high precision, large dynamic range, fast, and inexpensive

- smaller number of genes assayed (compatible with Formalin-fixed, Paraffin 

Embedded Materials (FFPE), which is the medical standard of care)

3. Nanostring nCounter

- high precision, large dynamic range, fast, and moderate expense

- single mRNA molecule counting capabilities (compatible with FFPE)

4. Illumina-based RNA-sequencing

- Gene expression via Massively Parallel Sequencing (MPS)

- high precision, large dynamic range, not fast, and expensive

- compatible with FFPE
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Illumina Sequencing Technology
Reversible Terminator Chemistry Foundation

slides courtesy of Gary Schroth, Illumina Inc.



100 Microns

Sequencing with the Illumina Hiseq2500

~300-400 Million Clusters Per Lane (16 lanes / run)

(2x100bp read = ~1,000,000,000,000 bases / run)

slides courtesy of Gary Schroth, Illumina Inc.





1. Spot X = Gene X

2. Determine signal intensity at Spot X

3. Signal intensity value is relative 

measure of gene expression, which 

comes right out of the machine

4. Process is repeated for all spots,

thus giving the complete data file

1. Spot X = ??? (have sequence 50-100bp)

2. Map all sequences/spots to human

genome, or mRNA transcript library, etc.

3. for each gene/transcript, count the

number of reads/sequences that

ñmappedò to it

4. determine ñRPKMò value =

Reads Per Kilobase Per Million mapped

reads, or RSEM value (does isoforms)

5. Process is performed for all reads, giving

a value of expression for each transcript

6. Mapping can be done at exon level also



Read Alignment to the Genome

ATGCCATTACACAGCGA

é CGATCTAACGTAGCTAGCTAGCTAGCTAGCATGCCATTACACAGCGAACAGGGAGCTTAGGCGCé

Read

Human Genome Reference

GTAGCTAGCTAGCTAGC GAACAGGGAGCTTAGG

CTAGCTAGCTAGCTAGC ACAGGGAGCTTAGGCGC

CGATCTAACGTAGCTAGC ATTACACAGCGAACAGG

GAACAGGGAGCTAAGG

ACAGGGAGCTAAGGCGC

For mRNA this would give us ñ9 countsò as a measure of expression.

For DNA we have now obtained the sequence of this region and found a SNP



Genome Sequencing Overview

Sequence all 

fragments, 

align to reference 

genome and 

determine gene 

sequences

= Whole Genome 

Sequencing (WGS)



Genome Sequencing Overview

Sequence all 

fragments

= Whole Genome 

Sequencing (WGS)

Sequence all 

captured 

fragments, align, 
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gene sequences

= Exome

Sequencing (~2% 

of total genomic 

DNA)



UNC RNA-Seq Bioinformatics Pipeline
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http://www.ncbi.nlm.nih.gov/gap

Challenges and issues concerning sequencing data
1. these data are genetically identifiable, therefore proper patient consent is a must

2. to put data in, and to take data out, requires proper scientific credentials

3. these genetic data canôt be transferred to a 3rd party, and limitations on use may exist

4. sequencing data sets are huge in size, and thus transporting from one place to

another, and long term data storage, are challenges 



Benefits of sequencing-based platforms

1. Highly reproducible, great sensitivity, and a large 

dynamic range

2. no prior knowledge of sequence is needed

3. provides information on alternative splicing

4. provides information on mutations and other types of 

structural variants (i.e. gene fusions)

5. can identify foreign RNAs or DNAs (viruses or 

bacteria) depending upon the library protocol



Illumina Hiseq vs. Illumina GA2
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236 TCGA tumors assayed by Agilent microarrays + mRNA-seq and co-clustered using 13,000 genes

mRNA-seq data was ñplatformò normalized to Agilent data
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