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Abstract

B-Actin mRNA is often used for normalization in gene expression experiments. We describe a sensitive, rapid and specific
quantitative assay for the cytoplasmic ovgr@ctin mRNA. The assay was based on the polymerase chain reaction (PCR) with
real-time fluorescence resonance energy transfer (FRET) measurements to amplify cDNA products reverse transcribed from
MRNA. A part of the oving3-actin sequence was amplified from cDNA from fetal ovine synovial (FOS) cells with mRNA-
specific primers and cloned into a plasmid clone. The assay standard curve was constructed with dilutions of this plasmid. The
assay was linear over five orders of magnitude and detected down to 600 copies per reaction of target DNA. Intraassay coefficient
of variation was 12%. Detection of tifieactin gene was eliminated by designing FRET probes at splice junctions and detection of
putative processed pseudogenes was minimized by using FRET assay design with four oligonucleotides. We measured 0.2 copies
per cell in RNA preparations without reverse transcription and DNase digestion. This might represent processed pseudogenes.
In constrast, we measured 14péactin mRNA copies per cell in RNA preparations after the RT and DNase steps. The assay
should, therefore, be sensitive enough to meagtaetin from a single individual cell. Dilution of target DNA in murine RNA
or ovine cDNA preparations did not effect efficiency of PCR or linearity of the assay. The quantitative assay described in this
work can be used to correct for variations in various real-time qRT-PCR experiments in ovine cells with diverse goals, including
gene expression studies, quantitation of viral load in infected cells and in various gene therapy experiments measuring vector
load and expression in transduced cells.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction powerful method to quantify mRNA, including rare
MRNA's from small amount of tissue. It is currently
Quantitative reverse transcription-polymerase chain one of the most frequently used methods in biological
reaction (qRT-PCR) with real-time monitoring is a studies of gene expression. The transcription level of
the target gene of interest can be measured relatively to
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the efficiency of the RT and PCR amplification steps. vantage when amplifying specific mMRNA on an organ-
Cytoskeletalg-actin is a highly abundant protein in ism where the genome has not been sequenced, but
mammalian cells and its mMRNA is commonly used as presumably contains pseudogenes for the gene of in-
areference in qRT-PCR assays. Several real-time qRT-terest.
PCR assays have been described for the hysractin
MRNA (Bustin, 2000.

Limited information exists on validated sensitive 2. Materials and methods
and specific real-time qRT-PCR assays for fhactin
MRNA in ovine cells. One paper on quantification of 2.1. Primers and probes
metabotropic glutamate receptors expression in a sheep
model describes areal-time qRT-PCR for onactin PCR primers and FRET hybridization probes
mRNA using TagMaf™ chemistry on the GeneArfip for ovine B-actin mMRNA (GeneBank accession no.
5700 sequence detection system (PE Applied Biosys- U39357) were designed by using Oligo (National Bio-
tems) Dolan et al., 2008 Other investigators study-  sciences Inc., Plymouth, MN) and MacVector (Oxford
ing cytokine expression in sheep used the non-specific Molecular Group, Oxford, UK) computer programs.
SYBR Green | dye for quantification @factin mMRNA Sequences of PCR primers and hybridization probes
using the LightCyclef™ instrument Konnai et al., are shown inrable 1
2003. These publications did not specifically address
the issue of non-specificity due to possible amplifica- 2.2. Cells and transfection
tion of B-actin pseudogenes. Over 20 processed pseu-
dogenes have been described feactin in humans Fetal ovine synovial (FOS) cells and NIH 3T3 cells
with about 90% sequence homology with the mRNA were grown in Dulbecco’s modified Eagle’s medium
(Ng et al., 1985 The mouse and the rat's genome (DMEM) (Gibco InVitrogen) supplemented with 10%
also possess up to 10 procesgedctin pseudogenes fetal calf serum, 100 IU mit penicillin/streptomycin
(Zhang et al., 2004(unpublished results, Bjarnadottir and 2 mM glutamine. FOS cells were transfected with
et al.). Primers commonly used for detecting human 0.75ug of plasmid pKS2 $taskus et al., 1991 a
B-actin mRNA can amplify pseudogenedinhofer molecular clone of the ovine lentivirus maedi-visna
et al., 1995; Raff et al., 1997; Mutimer et al., 1998  virus (MVV), using SuperFe&¥ Tranfection Reagent
The sheep genome is poorly characterized. Pseudo-(Qiagen) in 12-well plates according to the manufac-
genes have not been described for the o@r&ctin turer’s instructions for primary cells. Cells were har-
gene but they are presumably present similar as in thevested 48 h posttransfection.
human genome.

In the present study, we describe development and 2.3. RNA isolation
validation of a real-time qRT-PCR assay with fluores-
cence resonance energy transfer (FRET) measurements Cytoplasmic RNA was purified with a commercially
in the rapid LightCyclet™ for the candidate reference  available RNA isolation kit (RNea&/Mini Kit; Qia-
genep-actin in ovine cells. In order to minimize or  gen) using a protocol designed for isolation of cytoplas-
eliminate amplification of putative pseudogenes, we mic RNA, the cellular component containing spliced
designed primers and two fluorochrome-labeled probes 3-actin transcripts. This purification procedure should
that have several mismatches with hurfiaactin pseu- minimize co-amplification of genomi@-actin, of pu-
dogenes. A FRET-based PCR assay uses two primerdative processe@-actin pseudogenes residing in the
and two probes. Efficiency of amplification and signal ovine genome and of their putative transcripts, with
generation requires annealing of four oligonucleotides the spliced cytoplasm{g-actin transcript. Cytoplasmic
to their respective binding sites. In addition, FRET RNA was eluted in 6Q.I of RNase-free water. RNA
probes only generate a signal if they hybridize adja- was treated with 1 U of RNase-free DNase | (Fermen-
cent to each other. No signal is generated if their bind- tas) in a total volume of 20l at 37°C for 30 min and
ing sites are separated by introns or other sequencesheat-inactivated at 65C for 10 min. We did PCR with
FRET-based assays, therefore, have a theoretical adprimers binding to thgag region of transfected plas-



Reverse primef-8’ exon #6

Cy5-probe’s3’ exon #6

FLU-probe 53" exon #5

Forward primer 53 exon #5

Position of ovineg3-actin mMRNA primers and probes and alignment vikCTBand pseudogen sequences
B-Actin cDNA

Table 1

1156 TAGGTGTAGACGACCTTCCACC 1135

2942 TAGGTGTAGACGACCTTCCACC 2921
1417 TAGGATAGACGACCCTCCACC 1396
1485 TAGGTGTAGACGACCTTCCACC 1464
1485 TAGGTGTAGACGACCOECCACC 1464
1184 TAGGTTAGGTGATCTTCCACT 1163

1071 ATCATCGCGCCCCCTGAGCG 1090

2857 ATCATTGCTCCTCCTGAGCG 2876
1332 ATCATGCTCCTTCTGAGCG 1351
1400 ATCATGCTCCTCCCCAGTG 1419
1400 ATCACTGCTCCTCCCAAGCG 1419
1089 ATATTGTGCCCGSTGAGCA 1108

1046 GGCACCCAGCACGATGAAGATCAAG 1070
2720 GGCACCCAGCABATGAAGATCAAG 2748
1307 GGTCCCAAGCACGATGAAGATCAAG 1331
1375 GGGCCCAGCACGATGAAGATCAAG 1399
1375 GGGCCCAGCACAATGAAGATCAAG 1399
1075 GGCCCCAGCACAAT-AAGATCAA A 1088

999 ATGTACCCTGGCATCGCA 1016
2673 ATGTACCCTGGCATGCC 2690
1263GTGTACCATGGCATCGQC 1280
1328 ATGTACCCTGGCAT@CA 1345
1331 AGGTACCTTGGCATCGQCC 1348
1028 ATGTACCGSAGCATCCAG 1045

genomié

pg-d50604
pg-v0048%
pg-v00479
pg-m55014

(o}
h
h
h
h
h

ovBractin mRNA.

¢ D50604, V00841, V00479 and M55014 for human pseudogens.

& GeneBank accession no. U39357 for

Numbers show positions of primers and probes. Bold letters indicate mismatches with the ovine sequence. Exon placement of primers and praineth&hibasEd
b M10277 for genomic humag-actin.
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mid pKS2 on the DNase | treated RNA preparations
(1 ) to confirm elimination of plasmid DNA contam-
ination.

2.4. Reverse transcription reaction (RT)

Cytoplasmic RNA preparations (3d) were used
to construct cDNA with RevertAitM H Minus First
Strand cDNA Synthesis Kit (Fermentas) according to
manufacturer’s instructions (procedure #1). Random
hexamers were used to prime reverse transcription in a
total volume of 2Qul reaction.

2.5. Cloning of oving-actin

Ovine B-actin cDNA (GeneBank accession no.
#U39357) was amplified in the LightCycléf
(Idaho Technology, Idaho Falls, ID, USA) from
1pl of FOS cells cDNA with forward primer 5
CCTTCAATTCCATCATGAAGT-3 and reverse
primer 3-CCTGAGCAGCATGAGGAC-3 generat-
ing a 262-bp amplicon. The reaction sample (10
contained 20Q.M of each dNTP, 0.p..M primers,
0.08 Upl~1 KlenTaql polymerase (Ab peptides Inc.,
St. Louis, MO) diluted in enzyme diluent buffer
(10mM Tris, pH 8.3, 25@g mI~1 BSA; Idaho Tech-
nology) and reaction buffer (50 mM Tris, pH 8.3, 4 mM
MgCl,, 250ng mi—1 BSA; Idaho Technology). The
LightCycler's instrument settings for the PCR assay
consisted of initial denaturation step for 2 min at@4
followed by 45 cycles of non-stop (0 s) denaturation at
94°C, non-stop (0 s) annealing at 50 and elongation
for 10s at 72C. The amplicon was ligated into a
TA-cloning vector pCR2.1 (Invitrogen, Groningen,
The Netherlands) generating pOvineActin. Clones
containing inserts were identified by PCR and restric-
tion enzyme analysis. The expected insert sequence
was verified by sequencing with ABI Prism BigDye
terminator cycle sequencing ready reaction kit (PE
Biosystems, Foster City, CA) on ABI Prism 377
DNA sequencer. After plasmid midi preparation
(Qiagen), plasmid was linearized with single cutting
restriction enzyme digestE€dRV) outside of the
intended PCR region. After purification with GFX
PCR DNA and gel band purification kit (Amer-
sham Biosciences Inc., Piscataway, NJ), the DNA
concentration was determined in a Hoefer DyNA
Quant 200 fluorometer (Amersham Biosciences Inc.,
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Piscataway, NJ). To generate a standard curve, serial2.8. Statistical analysis

dilutions from 6 million to 60 copies of plasmids
per microliter were done in TLE buffer (10 mM
Tris, pH 8.0, 0.1 M EDTA) in tubes lubricated with
silicon.

2.6. gPCR-FRET

PCR was performed in LightCyciBY (Idaho
Technology, Idaho Falls, ID, USA) using a FRET-
based real-time assayWttwer et al., 1997a)p
Amplification primers were forward primer 5
ATGTACCCTGGCATCGCA-3 and reverse primer
5-TAGGTGTAGACGACCTTCCACC-3 generating
a 158-bp amplicon. Hybridization probes for the
FRET measurements of the ovifieactin amplicon
were 3-GGCACCCAGCACGATGAAGATCAAG-
3'-fluorescein as donor fluorophore and-Gy/5-
ATCATCGCGCCCCCTGAGCG-3phosphate as ac-
ceptor fluorochrome. One microliter of template was
used in a total volume of 10l PCR reaction in a
glass capillary tube. The reaction sample 10con-
tained 20QuM of each dNTP (Jul), 0.5uM primers
(1l), 0.2uM fluorescent probes (dl), 0.08 Upl—1
KlenTagl polymerase (Ab peptides Inc., St. Louis,
MO) (1 pl) diluted in enzyme diluent buffer (10 mM
Tris, pH 8.3, 25Qug mI~1 BSA; Idaho Technology),
reaction buffer (50 mM Tris, pH 8.3, 4mM Mgg&l
250pg mi~1 BSA; Idaho Technology) (jl) and 4l
ddH;0. The LightCycler’s instrument settings for the
PCR assay consisted of initial denaturation step for
2min at 94°C, followed by 45 cycles of non-stop (0 S)
denaturation at 94C, non-stop (0 s) annealing at 40
and elongation for 10s at PZ. The temperature
transition rate was set at 2@ s~ 1 except for the rate
1°Cs! from annealing to elongation temperature.
Threshold cycle@;) was defined as the cycle number

InStat (version 3.0 for Windows) was used for all
statistical calculations including mean and standard de-
viations, correlation ané&-test for difference in vari-
ance between unnormalized and normalized samples.
p-Value was computed using two-tailed unpaitedst
and 95% confidence interval. The best-fitting line was
determined with least-squares analysis.

2.9. Calculations of amplification efficiency and
coefficients of variation

Efficiency of amplification was calculated based on
differences in the number of cycles &nd m) when
amplified DNA in two PCR assays with different
amounts of original templateD( is the ratio of
difference) reached same baseline level above limit
of detection. With these parameters, efficiency of
amplificationX (max. 2) was calculated as the com-
mon ratio from geometric series using the following
formula: X=10°9"-m CVs were calculated based
on differences between duplicate assays. Mean CVs
were based on analysis of at least six duplicates.

3. Results
3.1. Primers and probes

We selected the primers and probes according to
criteria recommended in the LightCycler Operator’s
manual Qlfert Landt, 1999 Melting temperatures
of primers should be 5-1 lower than the probes,
sequences that form duplexes between primers and
probes should be avoided as well as GC rich se-
guences at the’2nd. Although carefully selected by

at which the fluorescence signal passed the noisethis criteria, some primer pairs we first tested formed

band.

A quantitative assay of thgag sequence of plas-
mid pKS2 Staskus et al., 199has been previously
described Gudmundsson et al., 2003

2.7. Sequence analysis
CLUSTALW alignment (Oxford Molecular Group,

Oxford, UK) was used to perform alignment of se-
guences.

dimers or extra non-specific products as detected on
an agarose gel (data not shown). In order to over-
come this problem and detect very low copy num-
ber of template, we needed to test several sets of
primer pairs and carefully optimize PCR conditions.
Several annealing temperatures (4026 MgCh
concentrations (2—4 mM) and temperature transition
rates were tested for optimization of PCR. The sets
of primers that gave the highest PCR efficiency, least
non-specific products and strongest fluorescence signal
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were selected and are shown with the FRET probes in out a 95-bp intron (D) and a 112-bp intron (Bdnte
Table 1 et al., 1984; Nakajima-lijima et al., 1985These
We designed the primers and probes to measure cy-intron sequences were missing in the corresponding
toplasmicB-actin mRNA, avoiding interference from  ovinep-actin mRNA. This information led us to select
genomic DNA. This was achieved by having primers binding sites for the primers in presumed exon 5 and
and probes bind to presumably different exons. In this 6 of the ovinep-actin gene Fig. 2). These primers
design, we were guided by the exon structure of the would amplify a 270-bp product from genomic DNA
human-actin genehACTR since the ovings-actin and a 158-bp from spliced RNA transcript. Only the
gene has not been characterized. Amplification should 158-bp product was detected on an electrophoresis gel
only occur if message was spliced because unspliced(Fig. 3). This presumably reflects low abundance of the
genomic DNA would be too long for efficient ampli- genomic DNA in the amplified sample. Alternatively,
fication. To further improve assay'’s specificity, we de- the ovine intron could be longer than 112-bp. A 112-bp
signed the binding sites for FRET probes on each side difference is generally not long enough to avoid am-
of spliced introns. With this arrangement, FRET would plification of genomic DNA even when using a short
only occur in amplicons from a correctly spliced tran- elongation step in a PCR reaction. To be able to distin-

script. guish between these two products (genomic DNA and
the spliced transcript), we designed the donor and re-
3.2. Dynamic range and sensitivity cipient probes to straddle across the splice sites of exon

5 and 6 Fig. 2). This results in a FRET signal moni-

Series of 10-fold dilutions (from & 107 to 6 x 10 tored the LightCycler, only when amplifying correctly
copies per PCR reaction) was made of linearized spliced mRNA. This greatly improves the specificity of
pOvineActin. gPCR-FRET resulted in a linear stan- the assay. We measured4003-actin mRNA copies
dard curve when between 600 and 60 million copies per cell after reverse transcription which is concordant
were included per reaction (five orders of magnitude) with previous results in other animal&l@ler et al.,
(Fig. 1A—C). Electrophoresis of PCR products showed 1984; Greenberg et al., 1986; Femino et al., 998
that the 158-bp product was amplifideig. 1D). From (Fig. 3. In contrast, we measured only OR2actin
6 x 107 to 6 x 10° copies, the total amount of end prod-  putative pseudogen copies per cell which was insignif-
uctwas dependant on number of original copies of tem- icant and did not contribute to errors in the mRNA
plate. If the template was % 10° copies or greater, no  quantification. Amplification of putative pseudogenes
difference in amount of product was seen consistent was presumably inefficient due to oligonucleotide
with saturation of the PCR reaction. Intraassay coeffi- mismatch. For instance, the primers and the probes
cient of variation (CV) was 12% based on five LightCy- contained at least eight mismatches in the amplicon
cler PCR runs each on at least six duplicates. Efficiency when compared to four published human pseudogens

of amplification was 1.9%/cycle. (Table 1. However, we could not completely exclude
possible pseudogene amplification due to the fact

3.3. Exclusion of amplification ¢¥-actin gene that no ovine pseudogenes have been described. Any

and pseudogenes putative pseudogen amplification was eliminated by

digesting RNA samples with DNaseFi@. 3).

Information on location of exons in the ovine
B-actin is not available since the sheep genome has not3.4. Linearity of the assay
been sequenced. We, therefore, alignechth€ TBse-
quence (GenBank accession no. M10277) to the ovine  To evaluate for matrix effect, we added pOvine-
B-actin mRNA (GenBank accession no. U39357) in Actin to an RNA preparation from cells of murine
order to locate putative exons in the ovip@ctin gene. origin (NIH 3T3 cells) and made five 10-fold serial
The 3 sequence of the oving-actin mRNA aligned dilutions ranging from 6< 10° to 6 x 107 copies. The
with the highest conserved identities to exon 4 through dilutions were subjected to the real-time PCR assay in
exon 6 at the Bend of thehACTBsequence. In this triplicates. The3-actin cDNA concentration measured
region of the human gene there are two introns spliced from the assay’s standard curve was a linear function
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|ATGTACCCTGGCATTGCCGACAGGATGCAGMGGP_GATCACTGCCCTGGCACCCAGCACAATGAAGATCAAC%TGGGTGTCTTTCCTGCCTGAGCTGACCTGGGCRGGT
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112-bp intron E
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Cy5 P
10713 ‘.
—————————————————————————————————————————————————————————————————————————— “SATCATCGCGCC CCCTGAGCGCARGTACTCCGTGT
CAGCTGTGGGGTCCTGTGGTGTGTGGGGAGCTGTCACATCCAGGGTCCTCACTGCCTGTCCCCTTCCCTCCTCAQATCATTGCTCCTCC’I‘GAGC GCAAGTACTC TGT|
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2673

& 3 1156
GGATTGGCGGCTCCATCCTGGCCTCGCTGTCCACCTTCCAGCAGATGTGGAT -
[GGATCGGCGGCTCCATCCTGGCCTCGCTGTCCAC TTCCAGCAGATGTGGATI\ 2042
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exon 6

Fig. 2. Alignment ofhACTBwith ovine B-actin mMRNA sequences around exon 5 and 6 and locations of primers and probes. Upper sequence
(nt 999-1156) is ovin@-actin mRNA sequence and lower sequence (nt 2673-2942) sA8& Bsequence. Frames around human sequence
indicates exons. Forward and reverse primers are indicated with arrows. FRET donor and recipient fluorescent probes straddled across splice
sites are indicated with gray lines above sequence. Asterisks indicate conserved identity. Abbreviations of modifications of molecular probes:
Cy5 dye (Cyb), fluorescein (F), 3'phosphate (P).

Table 2

Effect of normalizinggagexpression on experimental precision in transient gene expression experiment

Assay Coefficient of variation (%) Measured range (copy nuniber) F-value
Gagalone 34 5.2 10°to 1.4x 10°

Actin 18 2.6x 1P to 4.1x 10°

Gagnormalized with actin 32 2.8101t04.8x 101 10.1°

Statistically significant improvement in precision, ipes 0.05 for 7 d.f. in the=-value’s numerator and denominator.
@ Based on copy number in eight replicate experiments.
b Ratio of variance of uncorrecteghg expression to variance normalized with actin.

and consistent with calculated concentratiBig(4A). 3.5. Reproducibility/normalization

Efficiency of amplification was 1.8¢/cycle. Similar

results were optained when pOvineActin was diluted  To test the ability of the ovin@-actin mRNA as-

in a cDNA preparation from FOS cellsig. 4B). say to improve precision by normalization we trans-
The ovine cDNA preparation without any added fected FOS cells with plasmid pKS2 in eight replicate
pOvineActin contained approximately>510° copies cell cultures. pKS2 is a molecular clone of the ovine
of B-actin mRNA limiting the lower range in this ex- lentivirus maedi-visna virusStaskus et al., 1991Cy-
periment. Efficiency of amplification was 1.80cycle. toplasmic RNA was isolated 48 h posttransfection and
These results showed that RNA or cDNA did not effect real-time RT-PCR performed usinggag quantifica-
the gPCR-FRET reaction, i.e. matrix effects were not tion assay previously described by @udmundsson
detected. et al., 2003 and the ovingd-actin mRNA assay. Each

Fig. 1. LightCycler real-time PCR amplification of ovieactin cDNA sequences cloned in pOvineActin. For primers, probes and conditions,

see Sectior2. (A) Amplification curves based on real-time fluorescence measurement during PCR. Assay was performed in duplicate on
six samples representing a 10-fold dilution series ranging from 600 to 60 million copies of template. (B) Semilogarithmic transformation of
amplification curves in A used to calculd@e. C; was calculated from intersections of extrapolated straight lines between two lowest points in
each curve in B and background noise band. (C) Standard curve demonstrating a linear relationship between logarithm of copy r@ymber and
The standard curve was linear over five orders of magnitudes. (D) PCR products created by amplification of pOvineActin after 45 cycles of PCR
in the LightCycler were electrophoresed in 1.7% agarose. Expected size 158-bp was observed. Size marker was'®eb@Rplémadder
(Fermentas). Numbers of original template molecules for each PCR are indicated.
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(beta-actin mRNA) Fig. 4. Linearity of the ovingd-actin mRNA assay in different ma-

trices. (A) Template pOvineActin was diluted in cytoplasmic RNA

7 ) isolated from NIH 3T3 cells. Ten-fold dilutions were made ranging
betq—a_ctm molecules per cell, + standard from 6 million to 600 copies of template. Dilutions were subjected to
deviation for n =4 gPCR-FRET inthree replicates and copy numbers measured from the

(B) B-actin assay standard cunfd. 1). (B) Template pOvineActin was
diluted in a cDNA preparation from FOS cells. Five-fold dilutions

Fig. 3. Elimination of aberrant genomic DNA and pseudogen ampli- were made ranging from 2.5 million to 10,000 copies of template.

fication with DNase | treatment. PCR was performed on differently Dilutions were subjected to gPCR-FRET in three replicates and copy

treated cytoplasmic RNA samples. For primers and probes, see Sec-number measured from tifieactin mRNA assay standard curve.

tion 2. (A) PCR products were electrophoresed on 1.7% agarose gel.

Lane 1: GeneRuléM 50-bp Ladder size marker, lane 2: cytoplas-

mic RNA without DNase | treatment and reverse transcription, lane .
3: cytoplasmic RNA with DNase | treatment and without RT, lane CDNA preparation to support PCR. Itwould not correct

4: cytoplasmic RNA with DNase | treatment and RT, lane 50H for transfection efficiency a major source of variation

control, lane 6: pOvineActin positive control (B) quantitative PCR  in transient transfection experiments. Despite this limi-

results from (A). tation normalization with th@-actin mRNA assay im-
proved between sample CV from 34 to 32p(0.05).

measurement was done in triplicate. Results are shown

in Table 2 Sample-to-sample coefficients of variations

(CVs) were 34% for theyag levels and 18% for the 4. Discussion

B-actin. In this systemp-actin normalization would

only normalize for quality of RNA template, efficiency We have designed primers and probes for a quan-

of cDNA formation as well as general ability of the titative assay for cytoplasmic oving-actin mRNA.

Values are expressed as mean amount of
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We defined PCR conditions for efficient amplification including gene expression studies, quantitation of vi-

and quantification of this transcript using real-time ral load in infected cells and in various gene therapy

fluorescence measurement in the rapid LightCycler experiments measuring vector load and expression in

instrument. The assay was linear over at least four transduced cells.

orders of magnitude when diluted in different diluents

such as RNA or cDNA preparations. The gPCR-FRET

was highly sensitive and capable of detecting target References
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