
MICROARRAYS

PHASES: extraction and manipulation of nucleic acids to be analyzed, chip, production of microarrays 
throug probes transfer onto thechip or by in situ synthesis, hybridization to the target, 
scanner for chip reading, software for quantification and results analysis .
SITU SYNTHESIS  of  DNA on glass using combinatorial chemical approach (oligomers 10-25) 
DEPOSITION: activated glass



Basis of Microarrays
ü Hybridization of labelled mRNA fragments to large 

number of specific probes attached to a solid support
ü Probes: oligonucleotides (20-60 bases) or cDNA of the 

genes of interest
ü Labelling of target mRNAs with fluorescent dyes
ü Hybridization and scanning 
ü Data normalization to provide the relative abundance of 

each mRNA

Microarrays are used as a screening tool because of the high 
throughput capabilities
Quantitative real-time reverse-transcription PCR (qRT-PCR) 
1. is able to detect low levels of individual mRNA and miRNAs
2. requires less highly specialized equipment 
3. data analysis is less complex èless time consuming and less 

costly per sample



DATA NORMALIZATION
Normalization is an essential procedure in the analysis of DNA 
microarrays to compare data from different arrays or colour 
channels. There are three types of internal controls that can be 
used for normalization.
1. Most commonly normalization is based on all genes on the 
array. The majority of genes do not change in terms of their
expression level.
2. Previously known Housekeeping-genes.
3. Spiked-in control genes.
Normalization consists of several steps:
a) Background Correction
b) Transformation: Microarray intensities should always be looked 
at using log2 scale.
c) Robust estimation of a “rescaling” factor (e.g. median of 
differences)

One method is used
for data normalization,
the others to valiidate
results



Graz, 1st April 2014

One sample is labeled with 
cyanine 3 and one with cyanine 5.
ü A primer, which contains

poly dT and a T7 polymerase
promoter, is annealed to the 
poly A+ RNA.

ü Reverse transcriptase is
added to synthesize the first 
and second strands of cDNA. 
At this point, double-
stranded cDNA has been
synthesized. 

ü Next, cRNA is synthesized
using T7 RNA polymerase, 
which incorporates cyanine 3-
or cyanine 5-labeled CTP. 

ü Once labeling is complete, 
both samples are combined
and hybridized to the 
microarray. Genes whose
expresssion differs between
the samples are easily
identifiable by scanning the 
microarray with a laser-
based detection system.



DASL assay
• small size of the targeted gene 

sequence (~50 nucleotides),
• the use of random primers in the 

cDNA synthesis 
• three independent probe sets per 

gene
Those factors are important for 
expression profiling of degraded RNAs on 
bead array-based platform using a 
minimal amount of total RNA

From:
Genome Res. May 2004; 14(5): 878–885.
doi: 10.1101/gr.2167504

Two oligonucleotides for each target site on the cDNA. 
The upstream oligonucleotide consists of two parts, the gene-specific sequence and a universal PCR primer 
sequence (P1) at the 5′-end. 
The downstream oligonucleotide consists of three parts, the gene-specific sequence, a unique address 
sequence which is complementary to a capture sequence immobilized on the array, and a universal PCR 
primer sequence (P2′) at the 3′-end. A single address sequence is uniquely associated with a single target 
site. 
PCR products, which are fluorescently labelled by incorporation of the 5′-labeled primer P1, are hybridized 
to capture sequences on the beads in the array.



Digital Counting: How it Works

Biotin

Half Site
50 bases

Half Site
50 bases Barcode

Target-specific Capture Probe Target-specific Reporter Probe
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RESULTS
nCounter gene expression system overview
The basis of the nCounter system is the unique code assigned to each
gene to be assayed. We used seven positions (visualized as spots) and
four colors. The four colors were chosen to minimize spectral overlap
during imaging. The number of positions was based on a combination
of factors that include the length of the DNA backbone, the minimum
spot size that can be resolved under current imaging conditions,
flexibility in code selection for modest-sized gene sets (that is, o1,000
genes) and the number of potential codes for future versions of
the system (47 ¼ 16,384 if all possible combinations of codes are
used). The total number of codes required was 524 (15 controls
and 509 genes) or roughly 3% of the available codes in a
seven-spot system.

Specific reporter and capture probes were synthesized in 96-well
plates using a semi-automated process (see Methods). Briefly, gene-
specific probes were ligated to reporter backbones, and each ligated
backbone was annealed to a unique pool of seven dye-coupled RNA
segments corresponding to a single code. The reporter probes were
then pooled and purified using a common sequence at the end of each
backbone (the 5¢-repeat sequence; Fig. 1a) to remove excess probe
oligonucleotides and dye-coupled RNA segments. Capture probes
were made by ligating a second sequence-specific oligonucleotide for
each gene to a universal sequence containing biotin (Fig. 1a). After
ligation, the capture probes were also pooled and affinity purified
using the universal sequence to remove the excess unligated gene-
specific oligonucleotides. Reporter and capture probes were combined
into a single ‘library’ and used as a single reagent in subsequent
hybridizations. All reagents will be commercially available in a ready-
to-use format.

The expression levels of all selected mRNAs were measured in a
single multiplexed hybridization reaction. The sample was combined
with the probe library, and hybridization occurred in solution. The
tripartite hybridized complexes (Fig. 1a) were purified in a two-step
procedure using magnetic beads linked to oligonucleotides comple-
mentary to universal sequences present on the capture and reporter
probes. This dual purification process allowed the hybridization
reaction to be driven to completion with a large excess of gene-specific
probes, as they were ultimately removed and thus did not interfere
with binding and imaging of the sample. All post-hybridization steps
were handled on Prep Station, a custom liquid-handling robot.

Purified reactions were deposited by the Prep Station into indivi-
dual flow cells of a sample cartridge, bound to a streptavidin-coated
surface by the capture probe, electrophoresed to elongate the reporter
probes and immobilized (Fig. 1). After processing, the sample
cartridge was transferred to the Digital Analyzer, a fully automated
imaging and data collection device. The expression level of a gene was
measured by imaging each sample in four colors and counting the
number of times the code for that gene was detected. For each sample,
600 fields-of-view (FOV) were imaged (1,376 " 1,024 pixels), repre-
senting B10 mm2 of the binding surface.

Image processing and code counting were performed with custom
software. A reporter was required to meet stringent criteria concerning
the number, size, brightness and spacing of the spots to ensure that the
code was interpreted correctly and to minimize false positives.
Reporters that did not meet all of these criteria were discarded.
Using these criteria, B20% of the detected molecules were counted.
No parity schemes or error correction were used in the current system.
Data were output in simple spreadsheet format listing the number of
counts per gene per sample.

Experimental design
We performed a series of experiments in which the expression levels
of 509 genes were assayed with the nCounter system. We selected
347 of these genes from previous microarray studies of poliovirus-
infected A549 cells and the remaining 162 genes were selected
from previously designed probes and added to bring the multiplex
total to over 500. Additional experiments with other probe
libraries were performed with commercially available RNAs and
total RNA isolated from developing sea urchin embryos. We
compared the nCounter results to those obtained with the Affymetrix
GeneChip system and with real-time PCR measuring the same
total RNA samples.

NanoString nCounter gene expression system performance
Hybridization reactions were performed in triplicate with total RNA
samples isolated from mock- and poliovirus-infected A549 cells. Each
reaction contained 100 ng of total RNA plus reporter and capture
probes for 509 human mRNAs contained in the RefSeq database1. In
addition, six pairs of positive-control and two pairs of negative-
control reporter and capture probes were included in every reaction.
The spike-in controls produce a standard concentration curve for every
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Figure 1 Overview of NanoString nCounter gene expression system. (a) A schematic representation of the
hybridized complex (not to scale). The capture probe and reporter probe hybridize to a complementary
target mRNA in solution via the gene-specific sequences (see Methods for details on capture and reporter
probe construction). After hybridization, the tripartite molecule is affinity-purified first by the 3¢-repeat
sequence and then by the 5¢-repeat sequence to remove excess reporter and capture probes, respectively.
(b) Schematic representation of binding, electrophoresis, and immobilization. (i) The purified complexes are
attached to a streptavidin-coated slide via biotinylated capture probes. (ii) Voltage is applied to elongate and
align the molecules. Biotinylated anti-5¢ oligonucleotides that hybridize to the 5¢-repeat sequence are added.
(iii) The stretched reporters are immobilized by the binding of the anti-5¢ oligonucleotides to the slide
surface via the biotin. Voltage is turned off and the immobilized reporters are prepared for imaging and
counting. (c) False-color image of immobilized reporter probes.
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Figure 1 Overview of NanoString nCounter gene expression system. (a) A schematic representation of the
hybridized complex (not to scale). The capture probe and reporter probe hybridize to a complementary
target mRNA in solution via the gene-specific sequences (see Methods for details on capture and reporter
probe construction). After hybridization, the tripartite molecule is affinity-purified first by the 3¢-repeat
sequence and then by the 5¢-repeat sequence to remove excess reporter and capture probes, respectively.
(b) Schematic representation of binding, electrophoresis, and immobilization. (i) The purified complexes are
attached to a streptavidin-coated slide via biotinylated capture probes. (ii) Voltage is applied to elongate and
align the molecules. Biotinylated anti-5¢ oligonucleotides that hybridize to the 5¢-repeat sequence are added.
(iii) The stretched reporters are immobilized by the binding of the anti-5¢ oligonucleotides to the slide
surface via the biotin. Voltage is turned off and the immobilized reporters are prepared for imaging and
counting. (c) False-color image of immobilized reporter probes.
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(The capture probe and reporter probe hybridize to a complementary
target mRNA in solution via the gene-specific sequences .
After hybridization, the tripartite molecule is affinity-purified first by the 3’-repeat sequence
and then by the 5’-repeat sequence to remove excess reporter and capture probes, respectively.
(b) Schematic representation of binding, electrophoresis, and immobilization. (i) The purified
complexes are attached to a streptavidin-coated slide via biotinylated capture probes. (ii) 
Voltage is applied to elongate and align the molecules. Biotinylated anti-5’ oligonucleotides
that hybridize to the 5’-repeat sequence are added. (iii) The stretched reporters are 
immobilized by the binding of the anti-5¢ oligonucleotides to the slide surface via the biotin. 
Voltage is turned off and the immobilized reporters are prepared for imaging and counting. (c) 
False-color image of immobilized reporter probes. 

a) A schematic representation of the hybridized complex (not to scale).



nCounter Elements - Digital Molecular Barcoding Chemistry

General Purpose Reagents 
for 
Laboratory Use

Custom designs for as few 
as 12 samples

Ideal for complex projects 
requiring iterative design

Target-specific 
oligonucleotide probes can 
be re-used in multiple 
studies



Hybridise Purify Count

~50 base probes per mRNA
that hybridize in solution. The
Reporter Probe carries the
signal; the Capture Probe allows
the complex to be immobilized
for data collection

After hybridization, the excess
probes are removed and the
probe/target complexes aligned
and immobilized in the nCounter
Cartridge.

Sample Cartridges are placed in
the Digital Analyzer for data
collection. Color codes on the
surface of the cartridge are
counted and tabulated for each
target molecule. 1COUNT=1
MOLECULE



NanoString does not require amplification, and up to 800 genes can be 
detected in a single sample, which reduces sample-handling errors and removes 
enzymatic reaction errors, although reference gene stability can be a challenge 
as with qPCR, because of differences in reference gene expression in different 
tissues 
This technique is feasible in RNA extracts from FFPE

Application to diagnostics: The Prosigna assay analyzes the activity of 58 genes 
and calculates a risk of recurrence score (low, intermediate, or high). Research 
suggests the Prosigna assay eventually may be used more to make treatment 
decisions based on the risk of distant recurrence within 10 years of diagnosis of 
early-stage hormone-receptor positive disease with up to three positive lymph 
nodes after 5 years of hormonal therapy treatment in postmenopausal women. 
The Prosigna test is approved by the FDA and it is a CE-IVD product.



Outstanding Performance on FFPE Samples
mRNA transcript quantification in archival samples using multiplexed, color-coded probes
Reis, P.P. et al., BMC Biotechnology; May 9, 2011

“… the probe-based 
NanoString method achieved 
superior gene expression 
quantification results when 

nCounter® (r = 0.90) qPCR (r = 0.50)

quantification results when 
compared to RQ-PCR in 
archived FFPE samples. We 
believe that this newly 
developed technique is optimal 
for large-scale validation 
studies using total RNA 
isolated from archived, FFPE 
samples.”
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   Comprehensive Transcriptome Coverage

 Comprehensive CodeSets are available for human,  
mouse, rat and fly miRNA transcriptomes. High levels of  

multiplexing, digital counting, and the capacity to process up to  
96 samples per 24-hour time period* provide fast and cost-effective access to thousands of data points per day.

Highly multiplexed, direct digital detection and counting of 
miRNAs in a single reaction without amplification.

NanoString® Technologies  nCounter® miRNA Expression Assays

nCounter® miRNA Expression Assays provide a cost-effective profiling solution capable of accurately discriminating between miRNAs at 
single-base resolution. Each CodeSet contains a comprehensive collection of miRNAs in a single, highly multiplexed assay.

The miRtagged mature miRNA is then hybridized to a probe pair in the standard 
nCounter gene expression assay workflow. The Reporter Probe carries the signal; the 
Capture Probe allows the complex to be immobilized for data collection. Hybridization 
occurs in one multiplexed reaction.

* Requires 2 Prep Stations

To prepare a sample containing miRNA molecules for hybridization in the nCounter 
assay, proprietary DNA sequences called miRtags are ligated to the mature miRNAs 
through complementarity with sequence-specific bridging oligonucleotides (bridges). 
This multiplexed reaction leads to the highly precise, sequence-specific tagging of all 
miRNAs in a single tube. Excess tags and bridges are removed via a simple enzymatic 
step in the same tube. No further purification is required.

Mature miRNA

Ligation Site

miRtag Sequence

Bridge

Elegant, Simple with Remarkable Results

 Accurate Identification with High Specificity

 At single-base resolution, the nCounter miRNA assay can accurately 

distinguish between highly similar miRNAs with great specificity. The 

innovative protocol is highly sensitive and requires  
no amplification steps.

miRNA Sample Preparation Sample Hybridization

DNA sequences called miRtags
are ligated to the mature
miRNAs through
complementarity with sequence-
specific bridging
oligonucleotides (bridges).
Excess tags and bridges are
removed via a simple enzymatic
step in the same tube. No
further purification is required.

The miR tagged mature miRNA is 
then hybridized to a probe pair in 
the standard nCounter gene 
expression assay workflow. 


