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Real-time PCR expression profiling in individual preimplantation embryos poses two main challenges. First, the amount of RNA
from blastocysts (between 100 and 200 cells) is too small to quantify, and secondly, a reference gene with stable expression across
preimplantation embryos produced by different reproductive technologies is required. We have developed a method using RNA and
DNA spikes that allows for accurate normalization of gene expression without the use of an internal housekeeping gene in preim-
plantation blastocysts. Prior to the simultaneous extraction of RNA and DNA, plant-specific RNA and DNA spikes are added to the
tissue. After synthesis of cDNA, target gene transcript and the exogenous RNA spike are measured using real-time PCR. To account
for differences in the number of cells in each sample, the genomic gene copies of 18S-DNA are measured by quantitative PCR and
normalized to the DNA spike. While the DNA spike accounts for extraction efficiency, the 18S genomic target indicates the number
of cells prior to extraction. The values obtained from normalizing the target gene to the RNA spike can be adjusted for cell number,
allowing the RNA spike to be used as reference gene. This universal reference approach allows the use of an exogenous spike as a
pseudo-housekeeping gene for normalization of gene expression data.

INTRODUCTION

Real-time PCR is a powerful tool
routinely used in gene expression
analysis and quantification (1). To
control for experimental and technical
variation, appropriate normalization
strategies have to be implemented. The
most popular quantification strategy
among other approaches is typically the
normalization of the expression level of
a particular target gene to the expression
level of an internal housekeeping or
reference gene (2-4). By normalizing
the expression of a target gene to that
of a reference gene, differences in
the quality and quantity of starting
RNA and in efficiencies of the reverse
transcription reaction between samples
can be accounted for. This allows
the direct comparison of normalized
expression values between samples.

For each new experimental system
(new tissue samples and treatments),
the various reference genes available

need to be assessed to determine the
most stable housekeeping gene (5).
However, a stable housekeeper may
not be available in certain experimental
situations. For instance, the comparison
of somatic cell nuclear transfer (SCNT)
embryos with those produced by
artificial insemination (AI) or in vitro
fertilization (IVF) is confounded by
a number of issues. SCNT embryos
have been shown to have aberrant
gene expression when compared
with IVF embryos (6-8). Genes that
have been used as housekeepers [e.g.,
glyeraldehyde-3-phosphate dehydro-
genase (GAPDH), actin 3 (ACTB)] in
the past may therefore be unsuitable
as reference genes when comparing
nuclear transfer (NT) and IVF embryos.
In addition, controversial results on
the gene expression stability of the
histone H2a (H2a-615) gene and its
use as internal reference gene in preim-
plantation embryos are present in the
literature (9,10).

The study and quantification of gene
expression in single preimplantation
embryos is further complicated by the
small amounts of starting material. The
advancement and refinement of the
Eberwine technique (11) to amplify
RNA in a linear fashion, in combination
with real-time PCR, has overcome these
limitations but introduces a number of
other issues and different sources of
variation. The quality (integrity) and
quantity (efficiency) of the resulting
RNA/cDNA is dependent on many
processes such as the extraction and
amplification of the RNA, the reverse
transcription reaction, and the amplifi-
cation efficiency of the PCR.

To account for some of the problems
listed above, researchers have used
exogenously added spike-in RNAs,
which can be used as an exogenous
reference gene (12-14). These spikes
are usually added to the samples during
cDNA synthesis and therefore rely
heavily on the accurate quantification
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of the RNA samples. As this exogenous
spike is added at the end point in the
process, it does not account for the
integrity of the RNA sample or the
reliability of any technical processing
that has previously occurred. Addition
of an exogenous reference RNA at the
beginning of the entire process could
account for any of these potential
problems. Two reports describe the use
of a commercially available messenger
RNA (mRNA) as an exogenous
reference for target gene normalization
that was spiked into cell culture or
tissue samples during the extraction
process with only approximate or no
knowledge of the starting material
(15,16). Yet, in order to use a spike-in
RNA as a potential pseudo-house-
keeping gene in small samples, the
amount of starting material relative to
the spike needs to be addressed. This
is especially crucial if the amount of
cells in the starting material is ranging
from 100 to 300 cells, which would
profoundly affect the spike-to-RNA
ratio after extraction. Determining
the number of cells in a given sample
would allow the target gene to be
normalized to the spike and this value
subsequently adjusted for cell number.
This would enable the spike to be
used as an internal reference gene for
the normalization of gene expression
data. A current method to count cells
in embryos involves the staining of the
DNA in the nucleus and the assessment
of the cell number under the micro-
scope (17,18). However, the time
requirement and the fluorescent dye
treatment are likely to have an effect on
the transcriptome of these samples and
are compromising the ultimate goal
to measure gene expression in small
biological material. Kanno et al. (19)
report the use of Molecular Probes’
PicoGreen® dye (Invitrogen Australia,
Mount Waverley, VIC, Australia)
to determine the number of cells in
starting material that can then be used
to calculate an appropriate amount of
spike input for gene normalization.
Using this method, the smallest sample
size producing reliable data are approx-
imately 5000 cells.

This paper proposes a novel, highly
reliable, and universal application of
a plant-specific transcript RNA (pt-
RNA) containing a poly(A) tail and
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Figure 1. The Universal Reference Gene (URG) approach. The approach comprises three major
steps, which will allow for the use of an external reference gene (spike-in control) to be used as a pseu-
do-housekeeping gene in small samples. pt-RNA, plant-specific transcript RNA; pt-DNA, PCR product

corresponding to pt-RNA.

its corresponding PCR product (pt-
DNA) as exogenous spikes to measure
nucleic acid extraction efficiencies and
integrities and ultimately quantifying
mRNA transcript expression levels
during real-time PCR. This method
has been termed Universal Reference
Gene (URG) and comprises three steps,
which are depicted in Figure 1.

This technique has the potential to
be used as a universal reference gene
assay to quantify gene expression in
situations in which no stable reference
gene is available and the sample size is
small.

MATERIALS AND METHODS

Preparation of Bovine Fibroblast
Cells

Bovine fibroblast cells were cultured
in Dulbecco’s modified Eagle’s medium
(DMEM) with 10% fetal bovine serum
and 2% antibiotic-antimycotic solution
(Invitrogen Australia) as described by
Tan et al. (20). Once the cells reached
confluence, they were trypsinized
and resuspended. The cell concen-
tration was calculated by averaging
10 cell counts using a Z2™ Coulter
Counter® (Beckman Coulter Australia,
Gladesville, NSW, Australia) and
adjusted to 20 cells/uL. Aliquots
of cells were placed into tubes and
centrifuged for 5 min at 800x g. The
supernatant was completely removed,

and the cells were snap-frozen in liquid
nitrogen.

Al and NT Embryo Production

In vivo produced bovine embryos
were recovered nonsurgically 7 days
following insemination of super-
ovulated cows (21). Briefly, cows
were induced to superovulate using
a commercial follicle stimulating
hormone preparation (Folltropin®)
and a progesterone implant (Bioniche
Animal Health, Armidale, NSW,
Australia) and then were artificially
inseminated. Embryos were recovered
by uterine lavage and then graded for
stage and quality.

NT bovine blastocysts were
generated by transfer of fibroblast cells
into enucleated oocytes (22). Oocytes
were derived from ovaries sourced
from abattoir cattle, and the fibroblasts
were from cell culture. Fibroblast cells
were derived from explant cultures of
skin sections and were cultured for
2-4 passages prior to use as donor cells
for NT. Embryos were cultured in a
derivative of synthetic oviductal fluid
serum-free medium (Cook Scientific,
Brisbane, QLD, Australia) in a 6%
CO,, 5% O,, 89% N, atmosphere.
Individual embryos were snap-frozen
and stored at -80°C. All embryos
used in this experiment were graded
for stage and quality according to
International Embryo Transfer Society
(IETS) guidelines (23), and only grade
1 or 2 embryos (24) were used.
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Production of Plant PCR Product
(pt-DNA) and Corresponding
Transcript (pt-RNA)

A sugarcane cDNA clone
(GenBank® accession no. CO373127),
encoding a plant-specific protein
(auxin response factor-like) that had
no homology to bovine sequences as
assessed by Basic Local Alignment
Search Tool (BLAST) searches, was
amplified using M13 forward and
reverse primers from a phage stock.
The resulting PCR product was
sequenced, and its origin and size
of the poly(A) tail (approximately
25 nucleotides) confirmed using
BigDye® terminator chemistry 3.1
(Applied Biosystems, Foster City, CA,
USA). Subsequently, it was in vitro
transcribed using the MAXIscript®
T7/T3 kit (Ambion, Austin, TX, USA)
using the T7 RNA polymerase to yield
the corresponding RNA transcript.
The pt-RNA sample was DNase-
treated, phenol/chloroform-extracted,
and ethanol-precipitated. To produce
the pt-DNA spike, the PCR product
was used as a target in a PCR using
M13 reverse primer in combination
with a primer (ARF-G spike 1R
5’-CATCTGATCCATGTACTTCT
CA-3’) to yield a shorter fragment
minus the poly(A) sequence. The pt-
DNA product was cleaned up using
a QIAquick® PCR purification kit
(Qiagen, Valencia, CA, USA). Spike

concentrations were measured spectro-
photometrically, and the amounts
added to the samples were determined
by real-time PCR. The amount of pt-
RNA spike added to each biological
sample was calculated to equal a cycle
threshold (Cr) number of approxi-
mately 20 in the final real-time PCR
measurement. Approximately 1000
times less pt-RNA spike was added to
blastocyst samples to account for two
rounds of amplification.

Extraction of Nucleic Acids

Nucleic acids were extracted using
a Dynal® mRNA micropurification
kit (Invitrogen Australia). Prior to
extraction, with the samples on dry
ice, 2 UL (approximately 1 pg) pt-RNA
spike and 2 UL pt-DNA spike (approxi-
mately 1 pg) were added to each
sample. Extractions were performed to
the manufacturer’s specifications. The
lysis and wash buffers for each sample
were collected and stored (combining
the wash and lysis buffers). RNA was
eluted from the beads using 15 pL
10mM Tris-HCI, pH 8.0. The genomic
nucleic acids were purified from the
combined lysis/wash buffers by phenol/
chloroform extraction using phase-lock
gel (Eppendorf, Westbury, NY, USA)
and ethanol-precipitated overnight
followed by centrifugation for 45 min
at 18,000x g in a benchtop centrifuge.
Samples were washed once with 70%

Table 1. Primers, Annealing Temperatures, and Concentration Used in PCRs
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ethanol, centrifuged for an additional
15 min, air-dried, and resuspended in
50 uL water.

Amplification of Blastocyst RNA

Dynal-extracted mRNA was
immediately wused for amplifi-
cation with the RiboAmp® HS RNA
Amplification kit (Arcturus, Mountain
View, CA, USA) with the intention to
use it in future microarray experiments.
Two rounds of amplification were
performed on each sample as per the
manufacturer’s instructions.

Real-Time PCR of Genomic Nucleic
Acids

Both 18S DNA and pt-DNA were
quantified for each sample via quanti-
tative PCR with an ABI Prism® 7900HT
Sequence Detection System (Applied
Biosystems). Two microliters template
and 10 pL 2x SYBR® Green PCR
master mix (Applied Biosystems) were
combined with 2 UL primer in a 20-uL
PCR mixture, and three aliquots of 5
UL were measured thereof. The primers
used are listed in Table 1 along with
the final primer concentration in each
reaction and the annealing temperature.

Real-Time PCR of cDNA

For fibroblast RNA, cDNA was
produced using SuperScript™ III

Final GenBank Annealing
Primer Sequence Concentration Accession No. Temperature
[nM] (°C)
18S 5-AACGTCTGCCCTATCAACTTTC-3 450 DQ222453 60
Forward/reverse 5-GCCTCGAAAGAGTCCTGTATTG-3’
pt-RNA/pt-DNA 5-ATTTGGATACGTCCTCATCAGC-3 250 C0O373127 60
Forward/reverse 5’-CGTCTTCATTAAGAGGCTCCAC-3
GAPDH 5’-CCTGGAGAAACCTGCCAAGT-3 450 NM_001034034 60
Forward/reverse 5-AGCCGTATTCATTGTCATACCA-3’
RPLPO 5’-CAACCCTGAAGTGCTTGACAT-3’ 450 NM_001012682 60
Forward/reverse 5-AGGCAGATGGATCAGCCA-3
H2AFZ 5-ATTTCCACTCTGGTGGATAAGC-3’ 500 NM_174809 60
Forward/reverse 5-ACACTTGGGCCTTTTAACTTTG-3
H2a-615 5-GTCGTGGCAAGCAAGGAG-3 200 U62674 57
Forward/reverse 5-GATCTCGGCCGTTAGGTACTC-3
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(Invitrogen Australia) as per the
manufacturer’s recommendations. The
entire 15-uL. RNA sample was reverse
transcribed in a final volume of 40 pL.
The cDNA samples were purified using
QIAquick PCR purification columns
(Qiagen) as per the manufacturer’s
guidelines. cDNA samples were
diluted 5-fold, and real-time PCR was
performed with the same conditions as
for the genomic nucleic acid samples.
Primer sequences, annealing tempera-
tures, and final primer concentrations
for real-time PCR are listed in Table 1.

For blastocyst samples, 1 ug
amplified RNA was reverse transcribed
using SuperScript III as per the
manufacturer’s recommendations.
cDNA samples were diluted 5-fold,
and real-time PCR was performed with
the same conditions as for the genomic
nucleic acid samples.

Data Collection and Processing
The URG approach is depicted in

Figure 1 to visually support the stepwise
calculation process presented below.

Relative Cell Number Quantification

The procedure detailed in this paper
requires the quantification of cell

numbers for each biological sample
in order to adjust the real-time PCR
data normalized to an exogenous spike
and allow accurate quantification
of gene expression data. The first
step in this process is to measure the
copies of genomic 18S normalized to
the pt-DNA spike. The amplification
efficiency (E) of the PCRs for the 18S
and pt-DNA products relative to each
other were assessed through the use of
a dilution series of the genomic nucleic
acid samples. In all the calculations
performed, the mean of the normalized
expression was calculated for each
sample using the QGene software (25)
incorporating the use of the pt-DNA
as the reference gene and the 18S as
the target gene (Equation 1). To avoid
confusion with later calculations, the
result of this calculation is termed the
genome copy number (GCN).

GCN = E,.pnaPONA CP/E 45185 Cp)
(Eq. 1]
The GCN of each sample is used to

adjust the data values normalized to the
pt-RNA spike.

Normalization for Cell Number

Using the QGene software, the
target gene can be normalized to the pt-
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Figure 2. Plot of genome copy number (GCN) over known cell number for 18S/pt-DNA for three
extractions (M) and raw 18S data (O as Cy values). Plotting Cr values for the 18S DNA against
known cell number indicates the presence of outliers due to differences in DNA extraction efficiency.
These outliers are corrected for their extraction efficiencies when the 18S DNA is normalized to the pt-
DNA spike. The measurement of the GCN for 18S/pt-DNA, allows for the relative cell number between
samples to be calculated. pt-RNA, plant-specific transcript RNA; pt-DNA, corresponding pt-RNA PCR
product, Cr, cycle threshold; MNE, mean normalized expression.
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RNA spike. This value will be skewed
by the pt-RNA spike as the amount of
pt-RNA spike relative to endogenous
RNA will differ from sample to sample.
To allow for this, the values obtained
need to be corrected for cell number
by dividing by the GCN (Equation 2).
This now gives a true mean normalized
expression (MNE) and allows the
pt-RNA spike to be used as a pseudo-
housekeeping gene.

MNE = [Epl-RNA(pFRNA CT)/Etargel(mrge‘ CT)] /GCN

[Eq. 2]
RESULTS

Validation of Cell Number
Determination

Three series of fibroblast cells
were prepared with cell numbers
ranging from 100-500 cells in 100
cell increments. Before extraction, 2
UL (approximately 1 pg) of pt-DNA
spike was added to each sample.
The genomic nucleic acids were
extracted, and the amount of target
DNA molecules determined experi-
mentally by quantitative PCR. Figure
2 shows both the raw 18S data and
the normalized 18S/pt-DNA data
as a function of the respective cell
number. After plotting the Cr values
obtained for the 18S DNA against
known cell number, outliers exist that
would have a negative effect on the
data if these raw measurements were
used to normalize the pt-RNA spike.
These outliers are corrected for their
extraction efficiencies when the 18S
DNA is normalized to the pt-DNA
spike. Error bars indicate a good repro-
ducibility between extractions and
show a good correlation (R? = 0.9773)
between the known cell number and
the GCN for the 18S/pt-DNA. These
results demonstrate the utility of this
method for determining relative cell
numbers between samples.

Gene Expression Normalization in
Fibroblast Cells

To quantitatively assess the URG
technique, two dilution series of a
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Figure 3. GAPDH expression relative to pt-RNA spike in cultured fibroblast cells from indepen-
dent extraction A (panel A) and B (panel B). As the same amount of pt-RNA spike was added to each
sample, the GAPDH expression increases with the number of cells extracted. pt-RNA, plant-specific
transcript RNA; MNE, mean normalized expression.

cell suspension of bovine fibroblasts
were prepared, each vial was frozen,
and both pt-RNA and pt-DNA spikes
were added prior to RNA and DNA
extraction. The first dilution series
consisted of cells equivalent to approxi-
mately 400, 750, 1000, 1500, and 3000
cells (extraction A). The second series
consisted of six tubes with varying
cell numbers with a replicate each for
lowest cell count and highest cell count
from approximately 400-1600 cells
(extraction B). The extractions from
the two dilution series were performed
on separate days. QGene was used to
perform all calculations for the relative
quantification of GAPDH to pt-RNA
spike. Real-time PCR measurement
of these samples for GAPDH and the

Amplification efficiencies of the two
PCR products were calculated using a
dilution series of the cDNA with the
efficiency for GAPDH and pt-RNA
measured at 1.98 and 1.92, respectively.
In Figure 3, the GAPDH levels relative
to the pt-RNA spike increase with cell
number as expected. The GAPDH
levels normalized to the pt-RNA spike
for extraction A, when made relative to
the 400 cell sample, are 1.33, 3.1, 4.7,
and 11.1 for the 750, 1000, 1500, and
3000 cell samples, respectively, with
an R? value of 0.99. For extraction B,
the GAPDH expression normalized to
the pt-RNA spike, relative to sample
400-1 is 0.94, 2.12, 2.99, 3.82, 3.6 for
samples 400-2, 800, 1200, 1600-1, and
1600-2, respectively, with an R? value

Research Reports

GCN Determination and
Adjustment of Target Gene
Expression

To account for the differences in cell
numbers between samples, quantitative
PCR was used to measure the number
of copies of the 18S genomic DNA
and the pt-DNA spike in the fibroblast
samples (above). By normalizing the
18S data with the pt-DNA, the relative
cell number can be determined. After
calculating the GCN of 18S/pt-DNA
(Equation 1), the GAPDH/pt-RNA
normalized values were divided by the
GCN for each sample. Figure 4 shows
the data obtained for the MNE after the
cell number adjustment has been made
(Equation 2). The standard deviation for
extractions A and B is 0.103 +0.008 and
0.0.117 £ 0.011, respectively. Overall,
for the two extractions, the mean is
equal to 0.111 with a standard deviation
of 0.012. The GAPDH levels normalized
to the pt-RNA spike for extraction
A, when made relative to the 400 cell
sample, are 0.86, 0.87, 0.81, and 0.87
for the 750, 1000, 1500, and 3000 cell
samples, respectively. For extraction
B, the GAPDH expression normalized
to the pt-RNA spike, relative to sample
400-11is 0.93, 1.03, 1.14, 1.10, and 1.08
for samples 400-2, 800, 1200, 1600-1,
and 1600-2, respectively.

Gene Expression Normalization

To compare the URG method with
standard procedures, the expression

pt-RNA spike are shown in Figure 3. of 0.989.
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Figure 4. GAPDH expression relative to the pt-RNA spike after adjustment for fibroblast cell number (genome copy number; GCN) in extraction A
(panel A) and B (panel B). The expression levels of GAPDH are now similar between samples in comparison to the non-adjusted data in Figure 2, with varia-
tion between samples likely to be due to differences in reverse transcription efficiencies between the two genes and to pipeting error. pt-RNA, plant-specific

transcript RNA; MNE, mean normalized expression.
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Figure 5. GAPDH normalized by RPLPO in fibroblast cells in extractions A (panel A) and B (panel B). Variation between samples is likely to be due to
differences in reverse transcription efficiencies between the two genes and to pipeting error. MNE, mean normalized expression.

levels of ribosomal large protein
(RPLPO) and GAPDH were measured
in fibroblast RNA samples, and
RPLPO was used to normalize the
GAPDH expression level. As all of the
samples came from the same original
cell suspension, the expression of
RPLPO relative to GAPDH between
samples should be constant. Figure
5 shows the normalized expression
levels of GAPDH/RPLPO with a mean
and standard deviation for extractions
A and B of 0.45 + 0.04 and 0.40 £
0.03, respectively. Overall, for the two
extractions, the mean is equal to 0.42
with a standard deviation of 0.042.
After the pt-RNA spike has been
adjusted for cell number, the difference
in relative expression between samples
is similar to that of the GAPDH/RPLPO
normalization. To compare the two
techniques, the coefficient of variation
of the two methods was assessed. Using
10,000 bootstrap replicates, the coeffi-
cient of variation (cv) for the GAPDH/
pt-RNA normalization falls within the
95% bootstrap confidence interval (CI)
for the cv from the GAPDH/RPLPO

normalization approach (i.e., 95% CI =
0.06 <0.0922 <0.12).

Comparison of Housekeeping Genes
in Blastocysts

To assess the use of the pt-RNA/pt-
DNA spike in SCNT (NT) and in vivo
(AI) produced preimplantation embryos
and to compare their stability to house-
keeping genes, real-time PCR was
performed on 5 NT and 5 Al blasto-
cysts. The GCN for the 10 blastocysts
was calculated, transformed into Cr
values, and used to adjust the pt-RNA
spike. To transform the GCN into Cr
values, the GCN for each sample was
made relative to the GCN of one sample
(the sample with the lowest GCN was
used). To convert to Cr values, the log
(to the base of the PCR efficiency of the
pt-RNA) of the relative GCN was calcu-
lated. This value was then subtracted
from the pt-RNA Cr value. The pt-RNA
and genes for RPLPO, histone protein
H2A (9), and histone protein H2A
histone family member Z (H2AFZ)
were measured via real-time PCR and

Table 2. Average C; Values and Standard Deviations

when all samples are examined.

Adjusted
Sample group H2AFZ RPLPO pt-RNA pt-RNA
Al 23.67 +0.61 24.25+1.25 24.73+1.23 24.59+0.97
NT 25.82+4.15 25.68+2.53 24.97 +£1.08 23.15+0.90
Combined 24.74 £ 3.11 24.82+1.96 2485+1.15 23.87+1.17

Average cycle threshold (Cr) values and standard deviations for H2AFZ, RPLPO, plant-specific tran-
script RNA (pt-RNA), and adjusted pt-RNA in nuclear transfer (NT), artificial insemination (Al), and
combined (all) samples. The standard deviation for the pt-RNA is lower than for the other two genes
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their expression levels (based on Cr
values) between samples compared
(Table 2). Expression of H2A was
undetectable in some of the NT samples
(data not shown). Expression of H2AFZ
was consistent in the Al group (average
Cr £ 0.6), but was found to fluctuate
between samples in the NT group
(average Cr £ 4.15). RPLPO fluctuated
in both AI (average Cr = 1.25) and NT
groups (average Cr + 2.52). In contrast,
the pt-RNA spike was more stable
across all samples. With the adjustment
for cell number, within the Al blasto-
cysts, the standard deviation for the Cr
values across the samples decreased
(1.23-0.97) as expected. This trend
was also observed in the NT embryos
(1.08-0.91). When the entire set of NT
and Al embryos are compared, pt-RNA
measurements show less fluctuation
between samples than H2AFZ and
RPLPO (£1.15 versus 3.11 and 1.96,
respectively). With the adjustment for
cell number, the standard deviation for
the combined samples increases slightly
(1.15-1.17). This suggests that there are
some differences in the mRNA content
between the NT and AI blastocyst
samples, which could affect the ratio of
pt-RNA to endogenous RNA levels.

DISCUSSION

Gene expression analysis of
preimplantation embryos requires the
manipulation and amplification of
the RNA sample to acquire sufficient
sample material to perform quanti-
tative analysis. During the extraction
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and amplification procedures, there
are many technical steps in which the
integrity of the RNA sample can be
compromised. The addition of a spike
at the beginning of this process can
serve as an internal control to monitor
the entire process from extraction
through amplification and reverse
transcription. This spike has the
potential to serve as a pseudo-house-
keeping gene to quantify target gene
expression if the relative cell number
determination and normalization
technique described herein is applied.
We have developed a method for
measuring the relative cell number
between samples using quantitative
PCR techniques. The measurement of
cell numbers from the dilution series
gave consistent results between extrac-
tions and, when the GCN (18S/pt-
DNA) for the different cell numbers
were compared, reflected the correct
relative number of cells in each sample.
The consistency of the results suggests
that the relative GCN for each sample
can be used as a basis to normalize for
cell number, thus allowing the pt-RNA
spike to be used as a reference gene. By
determining the relative cell numbers
between samples, the comparison of
samples that have similar cell numbers
and are therefore at similar develop-
mental stages can also be confirmed.
In the experiments described here,
the expression of GAPDH in fibroblast
cells was normalized to the pt-RNA
spike. GAPDH expression normalized
to the pt-RNA spike was consistent
between samples after adjusting the pt-
RNA spike for starting cell number. The
degree of variation between samples
was found to be similar to the variation
obtained when two internal reference
genes (GAPDH/RPLPO) are used to
normalize each other. The pt-RNA was
more abundant than RPLPO, so normal-
ization with the pt-RNA gives smaller
values than normalization with RPLPO.
As the normalization of the data drasti-
cally affects the MNE, comparison of
the standard deviations between the
two techniques gives misleading infor-
mation. For this reason, the cv for the
two sample sets was compared. The cv
for the URG method falls within a 95%
CI for the cv of the RPLPO normal-
ization. Therefore, the URG method is
comparable to using an internal house-
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keeping gene. This demonstrates that
the method is a valid approach for the
normalization of gene expression data
in which small samples are used.

The identification of genes with
stable expression across all samples in
a particular experiment is vital for the
assessment of gene expression. During
the process of NT, reprogramming of
the donor cell’s nucleus from a differ-
entiated somatic nucleus to that of a
totipotent embryonic state occurs (26).
As imperfect reprogramming may
result in aberrant gene expression (6-8),
the likelihood of finding a gene with
stable expression in NT, Al, and IVF
embryos is low. ACTB, a commonly
used housekeeping gene, was shown to
be differentially expressed in normal
bovine preimplantation embryos (27).
In addition, we observed unstable
expression of common housekeeping
genes such as ACTB and GAPDH in
a microarray experiment comparing
the transcriptome of NT to IVF and Al
bovine blastocysts (results not shown).
On the other hand, histone H2A was
found to have consistent expression
across the preimplantation period when
the expression of a number of house-
keeping genes during the development
of bovine preimplantation embryos was
examined (9). This is in contrast to results
obtained by Bettegowda et al. (10),
showing a distinct temporal expression
pattern of H2A during the bovine preim-
plantation development with the H2A
mRNA expression level decreasing
from a maximum at the pronuclear
stage to a constant low level from the
16-cell stage through to the blastocyst
stage. Another study used H2A as an
endogenous reference gene to normalize
and quantify gene expression in bovine
NT and IVF blastocysts (28). However,
while the authors have not demonstrated
a stable expression pattern of H2A in
their sample set, the expression results
show a considerable variation. We tested
H2A for potential use as a reference
gene using the same primer sequence as
described in Reference 9, but found the
expression of H2A to be undetectable in
some NT samples. This gene is therefore
unsuitable as a housekeeping gene
in this experimental system. We also
examined the expression of a variant
form of the H2A protein gene, namely
H2AFZin NT and in vivo (Al) produced
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blastocysts. The expression of this gene
varied considerably between the two
sample groups examined. Within the
Al group, the expression of H2AFZ was
stable. Expression of H2AFZ within
the NT group of blastocysts was lower
(based on the average Cr values) with
a large variation in expression level
between individual blastocysts. When
the two groups were combined, there
was still large variation of £3.11 Cr
values, which equated to an almost 10-
fold change in expression. This gene is
therefore unsuitable as a housekeeping
gene in this experimental system. The
URG method described in this paper
entirely overcomes the problem of
gene expression variation of internal
reference genes, as it is independent of
the transcriptome.

In conclusion, the URG method
is suitable for use as a pseudo-house-
keeping gene in samples where small
numbers of cells are extracted. As the
same amount of pt-RNA spike is added
at the extraction stage and subjected
to the same experimental errors as the
endogenous RNA, it will serve as an
indicator of extraction efficiency and
integrity of each RNA sample. The
pt-RNA spike can then be used as a
reference gene once the adjustment
for cell number has been performed.
The URG method was successfully
validated in fibroblast cell culture and in
preimplantation embryos. It is however
important to point out that it could be
useful to integrate additional external
RNA spikes at various concentrations
into this system. This would expand on
the recommendations of the External
RNA Controls Consortium (ERCC)
(29) and would empirically address
the issue and add further confidence
in normalizing the expression level of
high and low abundant transcripts.
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