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Gene expression profiling of RNA extracted from peripheral blood is an informative method used to identify biomarkers, examine 
disease state, and to investigate immune responses. Common laboratory practice often includes fractionation of whole blood 
components prior to RNA extraction as the removal of non-nuclear red blood cells allows for the study of more homogeneous cell 
populations.  However, in the interest of capturing expression profiles that accurately reflect the transcriptome at time of blood 
collection and limiting sampling handling artifacts, extensive blood cell separation is frequently not performed.  Even with the
implementation of additional purification steps, it has been widely reported that alpha and beta globin mRNA transcripts are often the 
most abundant transcripts present in blood-extracted total RNA.  The presence of these abundant transcripts can impede the ability to 
detect differential gene expression occurring in the cellular population of interest.  Specifically, using the Affymetrix GeneChip 
expression assay, we have observed a 4-10% reduction in overall sensitivity of target profiling with samples containing abundant 
hemoglobin transcripts.  Furthermore, sample-to-sample variability can increase due to variable levels of globin transcript 
contamination of white blood cell RNA samples. To address these problems, we have examined two commercially available kits for 
their ability to reduce the impact of high globin mRNA levels on the GeneChip microarray assay: Ambion’s GLOBINclear kit and 
Nugen’s Ovation Biotin RNA Amplification and Labeling system.  The GLOBINclear kit is designed to bind and deplete globin RNA 
from total RNA prior to target labeling and amplification for microarray analysis.  The Ovation Biotin RNA Amplification and Labeling 
system (resulting in a cDNA hybridization target) has been reported to produce targets that are less impacted by the presence of
globin in the microarray assay.  Using murine blood total RNA, we have examined each of these methods in the GeneChip microarray
assay and compared their performance to blood RNA labeled using the standard GeneChip target preparation protocol with no globin
depletion of the input RNA 

Total RNA was isolated from mouse whole blood using the QIAamp Blood RNA Mini kit (Qiagen).  Isolated RNAs from stroked, LPS-treated and control mice were pooled for this 
study.  Murine brain total RNA (Ambion) was included as a non-blood control with each target labeling method tested. Laboratory procedures for microarray processing and basic 
data analysis are taken from those recommended in the GeneChip Expression Analysis Technical Manual 701021 Rev 5 (Affymetrix) and the Ovation Biotin RNA Amplification and 
Labeling System, version 09.06.05 (NuGEN).  
Quantitative total RNA assessment: RNA concentrations and OD260/OD280 ratios were calculated using the NanoDrop Spectrophotometer and 2ml of sample.
Qualitative total RNA assessment: Based on concentration data, an aliquot of the sample was diluted to approximately 200ng/ml and 1ml was analyzed using a RNA 6000 Series I 
Nano LabChip using the 2100 Bioanalyzer (Agilent).  
Globin reduction method: Alpha and beta hemoglobin transcripts were depleted from the blood total RNA samples using the  magnetic bead-based GLOBINclear Mouse kit, 
protocol version 0506 (Ambion).  Assay variation, reproducibility and efficiency was examined using two input amounts (1µg and 3µg) of blood RNA depleted in triplicate over a three 
day period.  Final elutions were performed using DEPC-treated dH20 in place of the buffer provided with the kit as final concentrations are below the minimum recommended for the 
Affymetrix labeling protocol.  In preparation for labeling with the  Affymetrix One-Cycle cDNA synthesis protocol,  samples were concentrated using a LABCON vacuum centrifuge 
(final volume reduced from 30µl to 12-14µl).

Method #1 - Affymetrix One Cycle cDNA synthesis prot ocol
a. Labeling: A biotin-labeled amplified cRNA target was generated from1mg of total RNA input following the standard GeneChip Expression Analysis Technical Manual (section 2 
version 6) protocol with the following modification:  cDNA was extracted using phenol:chloroform:isoamyl alcohol (25:24:1, Sigma) and ethanol precipitated to concentrate prior to in 
vitro transcription (IVT).  IVT amplification and labeling reactions were incubated for 16 hours at 37°C usi ng the GeneChip IVT kit (Affymetrix) components and a MJ Tetrad 
Thermocycler (BioRad). 
b.Target purification and QA: The target quality control step measured the amount and cRNA size distribution produced in the IVT reaction. Labeled targets were applied to Qiagen 
RNeasy Mini Kit columns to remove free nucleotides.  Using the NanoDrop Spectrophotometer, OD measurements were recorded using 2ml volume.  The yield of control murine 
brain RNA was used to confirm that all components of the labeling reaction were added and functioning. Approximately 200ng of each cRNA target along with control cRNA target 
(high quality target control) were analyzed on the RNA 6000 LabChip using mRNA Nano program and the 2100 BioAnalyzer (Agilent). 
c. Array hybridization: Labeled target was fragmented and combined with control oligomer and control cRNAs for BioB, BioC, BioD and CreX in hybridization solution containing 
10% DMSO. Ten mg of labeled and fragmented cRNA was hybridized to the Mouse Genome MOE 430 2.0 array (Affymetrix.).  Sixteen-hour hybridization was performed at 45oC, 
followed by washing and staining.  Array processing was performed using the Fluidics Station 450 (Affymetrix) protocol EukGE_WS2v5 and GeneChip Operating System (GCOS) 
software (Affymetrix).  The distribution of fluorescent material on the array was determined using the GeneChip Scanner 3000 (Affymetrix).  
Method #2 – NuGEN Ovation Biotin RNA Amplification a nd Labeling System
a. Labeling: A labeled and fragmented cDNA target was prepared from 100ng of total RNA following the Ovation Biotin RNA Amplification and Labeling System, version 09.06.05.  
The Ovation biotin system generates a single-single-stranded cDNA product that is antisense of the mRNA starting material and is compatible with probe designs on the GeneChip 
platform .
b. Target purification and QA. The target quality control step measured the amount of cDNA amplified and verified that the cDNA target was completely fragmented. cDNA target 
purification was performed using Centri-Sep columns (Princeton Separations) and OD measurements of 2µl were recorded using the NanoDrop Spectrophotometer.   The yield of 
control murine brain RNA was used to determine that all components of the labeling reaction were added and functioning. One µl of cDNA target was analyzed on the RNA 6000 
LabChip using the mRNA Nano assay and the 2100 Bioanalyzer (Agilent). 
c. Array hybridization: Fragmented cDNA was combined with the hybridization components listed above. When possible 2 µg of labeled and fragmented cDNA were hybridized to 
the MOE 430 2.0 array. For samples with  less than 2 µg of target, all of the labeled target was added to the hybridization.   Eighteen-hour hybridization was performed at 45oC, 
followed by washing and staining. Array processing was performed using the Fluidics Station 450 protocol EukGE_WS2v4 and GCOS software (Affymetrix).  The distribution of 
fluorescent material on the array was determined using the GeneChip Scanner 3000.  

Data analysis.
The array image scan (.DAT) is analyzed to generate a .CEL and .CHP files (unscaled) for each assay using GCOS and the statistical analysis algorhithm (MAS 5.0) using 
manufacturer recommended default settings. Genome Report Summaries are generated using unscaled absolute analysis results. The Genome Report Summary (Performance 
Report) was developed by B. Tompkins and C. Harrington for GeneChip assay quality assessment.  It is generated using AMC Report Collector 7.9, an Excel tool developed by B. 
Tompkins.  Report Collector extracts data from GCOS .rpt files and the GCOS process database. Correlation values are generated using Statistica 6.0 (Statsoft). 
Data visualization: Matrix plots were generated using unscaled absolute analysis results on Statisica 6.0 (Statsoft).   
Venn diagrams: ProbeSets called Present by the MAS5 algorithm in all replicates of each treatment group were selected using Access.  Venn Diagrams were generated in Power 
Point to display the overlap of these ProbeSets between different treatment groups.
GeneSifter analysis:.CHP files were loaded into GeneSifter (VizX Labs LLC, Seattle) and Signal values were log base 2 transformed and filtered for genes with the term ‘hemoglobin’
in the gene title. Heat maps were generated for both the Affymetrix and NuGEN labeling results. The actin probeset controls (AFFX-b-ActinMur/M12481_3_at, AFFX-b-
ActinMur/M12481_M_at, AFFX-b-ActinMur/M12481_3_at) probesets are included as reference for a non-globin gene.
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We are studying gene regulation in a mouse model of stroke.   In our model system cerebral ischemia is produced by middle cerebral artery occlusion (MCAO) 
and the brain damage induced by MCAO can be modulated by the presence or absence of preconditioning stimuli.  In a previous report by Stenzel-Poore et al 
(1), we demonstrated that brief ischemia prior to 60min MCAO results in a reprogramming of the genome that alters the response to stroke.  We are now 
extending that study to examine transcriptome differences in both brain and blood following two preconditioning treatments: brief ischemia or systemic 
treatment with lipopolysaccharide (LPS) prior to major ischemic insult.  Our goal is to examine RNA profiles from blood or dissected brain tissue of individual 
mice.

In a preliminary study, we profiled RNA expression from whole blood of untreated mice.  Total RNA was isolated from blood using the QIAamp RNA Blood kit 
(Qiagen) was amplified and labeled according to the standard Affymetrix one-cycle cDNA labeling protocol. Bioanalyzer profiles of amplified target cRNA (see 
Fig 1) showed a high abundance of presumed globin cRNA.  Previous experiments in our laboratory on human blood, as well as reports from Affymetrix (2) and 
others (3), have shown that high levels of globin RNA transcripts result in less overall sensitivity in the GeneChip microarray assay and increased variability 
between samples. As expected, hybridization of the murine blood target to a murine genome array produced relatively low transcript detection rates (Table 1).

In order to reduce the negative impact of globin transcripts in our murine blood profiling study, we have tested two protocols reported to reduce the impact of 
contaminating globin transcripts in expression profiling of white blood cell RNA isolated from blood.  The GLOBINclear-Mouse/Rat kit (Ambion) is designed to 
remove alpha and beta globin transcripts from blood RNA. Following globin transcript depletion, the remaining RNA can be labeled using standard protocols for 
GeneChip microarray analysis.  An alternative approach to reducing the impact of high globin levels in blood RNA involves the use of the Ovation Biotin RNA 
Amplification and Labeling System (NuGEN) method of sample RNA labeling (4).  This labeling method produces an amplified cDNA target instead of the cRNA 
target produced with the standard Affymetrix labeling protocol. In the study reported here, we tested both of these methods with initial inputs of 1 or 3 ug of total 
murine blood RNA.  These amounts are typical of the range of RNA recovery observed following isolation of total RNA from mouse blood.

Our aims in the study reported here were to determi ne the effectiveness of 
each approach in increasing sensitivity in the micr oarray assay and reducing 
sample-to-sample variation.  We also wanted to exam ine reproducibility and
depleted RNA yields with the GLOBINclear depletion protocol using the 
limited amounts of input RNA available from individ ual mice.

Conclusions

Table 1
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1. GLOBINclear processing of less than or equal to 3µg of murine blood does not consistently yield enough globin-depleted RNA for successful labeling with the 
Affymetrix One-cycle cDNA Synthesis and IVT Labeling kits. 

2. Globin depletion with the GLOBINclear kit improves assay sensitivity in the GeneChip microarray assay when using the standard Affymetrix One-cycle cDNA 
labeling protocol.  However, globin depletion with the GLOBINclear kit does not appear to improve sensitivity when the Ovation Biotin RNA Amplification and 
Labeling System is used.

3. In this experiment, globin-depleted blood RNA produced more reproducible array data using the Affymetrix One-cycle cDNA synthesis protocol than non-depleted 
RNA.  The NuGEN labeling protocol produced highly consistent array data for both depleted and non-depleted samples, and the reproducibility was greater overall 
with this labeling method.

4. The GLOBINclear protocol results in a reduction of hybridization to globin probe sets in the GeneChip microarray assay, and this effect is most pronounced for the 
RNA samples labeled with the standard Affymetrix One-cycle cDNA synthesis and labeling protocol.  However, globin probe set hybridization patterns appear to vary 
with all methods tested.

Summary
The results of this study indicate that for profiling blood RNA from individual mice, the NuGEN Ovation Biotin RNA Amplification and 
Labeling protocol is the preferred method.  We are continuing to evaluate the results of this study and we are performing follow-up 
experiments to confirm this conclusion. 
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