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Abstract

In this study, we applied for real-time PCR the two-standard system that we had worked out previously for PCR with gel-detection of products.
Genomic DNA of a known concentration was used as external standard and mRNA of the DNA-dependent RNA-polymerase II was used as internal
standard. It was shown that PCR with gel-detection of products and real-time PCR provide similar results and demonstrate almost identical accuracy
and repeatability when the two-standard system is used. With the help of the both methods and using the two-standard system we have confirmed
the link between the genetically determined freezing reaction in mice and reduced 5-HT, receptor mRNA level in the midbrain. We have also
found that the genetically determined freezing reaction in mice is not connected with changes in Tph2 gene expression.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

At present, the most sensitive method for gene expression
studies is RT-PCR (Jordan et al., 2007; Zamorano et al., 1996).
During reverse transcription cDNA is synthesized on RNA tem-
plate and the number of cDNA copies is evaluated with the help
of PCR. One of the multiple varieties of this method that has been
widely used recently is real-time PCR which allows detecting
the accumulation of PCR-products immediately in the reaction
process without using the additional electrophoresis stage. The
quantity of amplicon is proportionate to the initial amount of
template, which makes it possible to determine DNA quantita-
tively. One of the most commonly used real-time PCR variants
consists in using an intercalating dye (for instance, SYBR Green
I) that joins the newly synthesized amplicon, which leads to a
multifold fluorescence growth that can be detected (Zannoni et
al., 2007). A grave shortcoming of this method is the dye non-
specificity. Since the intercalation occurs in any DNA-duplexes
including, for instance, primer—dimers, this leads to an increase
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in fluorescence level and, consequently, to a greater measure-
ment error (Ball et al., 2003). Furthermore, using an intercalating
dye limits the application of both internal and external stan-
dards. For example, genomic DNA cannot be used as external
standard because the dye non-specificity leads to an enormous
background. As regards internal standard, intercalating dye does
not allow to use competitor. Moreover, minor primers non-
specificity leads to a substantial background growth and, hence,
increases the error.

Another variety of real-time PCR is the amplification with flu-
orescently labeled hybridization probe (Abe et al., 1999). This
is an oligonucleotide complementary to an area of the target
PCR-product that is about 30 monomers long and contains a flu-
orophore on one end and a fluorescence quencher—on another.
Tag-polymerase splits the probe during elongation due to its
5" — 3’ exonuclease activity. The increase in distance between
the fluorophore and the quencher results in fluorescence growth
that can be detected (Bustin, 2000). This method allows estimat-
ing the accumulation of products after each reaction step.

A system of internal or external standards is usually used for
standardization. Listed below are the most commonly applied
external standards: (1) artificially cloned fragment of the target
gene DNA, containing annealing sites for the primers used for
evaluation of the target gene expression (Lole and Arankalle,
2006); (2) genomic DNA (Cuscé et al., 2002; Kulikov et al.,
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2005); (3) amplicon (Zhao et al., 2006). Genomic DNA is the
most universal since it represents all the genes of an organism
(Cusco et al., 2002; Kulikov et al., 2005). Furthermore, calibra-
tion curves that are obtained using genomic DNA are far more
stable than those obtained using amplicons, which allows com-
paring results of different experiments. One of the shortcomings
of genomic DNA as a standard is that it cannot be applied when
using intron-spanning primers which anneal to two gene exons
divided by an intron (Zamorano et al., 1996). In this connection,
RNA samples should be checked for the absence of genomic
DNA contamination (Naumenko and Kulikov, 2006).

Using an external standard that is completely identical in
sequence to the target fragment supposes no difference in ampli-
fication efficacy of samples and standard and allows a more
accurate determination of mRNA level. However, using an exter-
nal standard does not enable one to control RNA extraction and
the reverse transcription. The most effective solution for this
problem is applying an endogenous internal standard. This is
most often mRNA of a housekeeping gene that is expressed in
a majority of tissues at almost equal levels (Cusco et al., 2002;
Yang et al., 2005). Only using such a standard enables control-
ling both RNA extraction and the reverse transcription reaction,
which allows, along with using an external standard, as we have
showed previously, a reliable and accurate quantitative determi-
nation of the target mRNA level (Kulikov and Naumenko, 2007;
Naumenko and Kulikov, 2006).

Although the described system of standards can be used
for investigation of any gene, its applying is particularly rele-
vant when studying genes without introns. The latter include
the genes encoding 5-HT; 4 serotonin receptor, a2, $1 and 32
adrenergic receptors which play an important role in brain signal
transduction and, therefore, are of a great interest to many neu-
roscientists. 5-HT A receptors mediate serotonin (5-HT) action
and play the key role in the autoregulation of 5-HT neurons
activity and neuromediator secretion (Barnes and Sharp, 1999).
Serotonin is involved in regulation of various physiological func-
tions and types of normal and pathological behavior: sleep,
thermoregulation, central regulation of endocrine glands secre-
tion, stress response, sexual and aggressive behavior, appetite
and thirst (Jacobs and Fornal, 1995; Lucki, 1998; Olivier, 2005;
Popova et al., 1978; Saudou and Hen, 1994). The recently dis-
covered tryptophan hydroxylase 2 (Tph2) gene encodes the main
enzyme of brain 5-HT synthesis and, hence, is likely to be impli-
cated in the regulation of all the behavioral forms and mental
processes controlled by this mediator (Walther et al., 2003).

The aim of the present study is applying the two-standard sys-
tem that we have developed previously to real-time PCR in order
to determine 5-HT; 4 and Tph2 genes expression in mouse brain.
To compare this method with the previously developed technique
for quantitative determination of gene expression by means of
gel-detection of PCR-products (Naumenko and Kulikov, 2006),
we used both for studying 5-HT;4 receptor and Tph2 genes
expression in the brain of mice. As a model for our investigation
we have chosen the mice with genetically determined freezing
reaction or catalepsy (CBA strain) and the non-cataleptic mice
(AKR strain). Previously we have found a significant differ-
ence in 5-HT 4 receptor mRNA level between these two strains

(Naumenko et al., 2006), but there was no data on Tph2 gene
expression in brain of mice with genetically determined freezing
reaction.

2. Materials and methods
2.1. Animals

Experiments were carried out on adult (aged 10-12 weeks)
males of AKR/J and CBA/Lac] strains, 10 animals in each group.
CBA strain is characterized by a high rate of cataleptic mice.
About 54% of CBA mice demonstrate this kind of defensive
behavior in response to a series of nap pinches, while there are
no cataleptics among AKR mice (Kondaurova et al., 2006).

Animals were decapitated and the midbrain was taken. The
samples were frozen in liquid nitrogen and kept at —65°C
until the RNA extraction. All experimental procedures were
made in compliance with the Guidelines for Ethical Conduct
in the Care and Use of Animals (developed by Committee on
Animal Research and Ethics, 1991; http://www.apa.org/science/
anguide.html).

2.2. Reagents

Tag-polymerase (30 U/ul) and M-MLV reverse transcrip-
tase (750U/wl) (Biosan, Novosibirsk, Russia). RNase-free
DNase (1 U/pl) (Promega, USA). Set of dNTPs (100 mM each)
and PCR buffer (60 mM Tris—HCI, 25mM KCI, 10mM 2-
mercaptoethanol, 0.1% Triton X-100), MgCl, (SibEnzyme,
Novosibirsk, Russia). Tris, guanidine isothiocyanate, SDS,
EDTA, KCl, NaCl, MgClp, MnCl,, DTT and Triton X-100
(Sigma, USA). Phenol, chloroform, isopropanol and ethanol
(Reakhim, Moscow, Russia).

All the primers and hybridization probes containing fluores-
cein (FAM) at the 5'-end and fluorescence quencher (BHQ1) at
the 3’-end used in the present work were synthesized on the syn-
thesizer ASM-800 (Biosset, Novosibirsk) following a standard
procedure. Nucleotide sequences and annealing temperatures
for all the oligonucleotides used in PCR with gel-detection of
products and real-time PCR are presented in Tables 1 and 2,
respectively. The primers and hybridization probes for 5-HT 4
receptor, Tph2 and DNA-dependent RNA-polymerase II (rPol
II) were designed on the basis of published sequences (Charest et
al., 1993; Corden et al., 1985; Walther et al., 2003, respectively)
using the EMBL Nucleotide database and GeneBank.

The primers for rPol II and Tph2 were designed in such a
way that the corresponding fragments of genomic DNA were
not divided by an intron.

In the presented technique, two standards, an internal and
an external, were used. As internal standard we used rPol II
mRNA, which allowed us to control RNA extraction, reverse
transcription and served as the basis to calculate the receptor
and Tph2 mRNA levels.

As external standard, we used genomic DNA extracted
from hepatocyte nuclei of a C57BL/6 mouse (Moisan et al.,
1996). Concentration of the obtained DNA was assessed by
its optical density measured at 260nm. The extracted DNA
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Table 1

Sequences and annealing temperatures of primers used for PCR with gel-detection of products

Gene Sequence Annealing temperature (°C) PCR-product size (bp)
5-HTja F 5’-gactgccaccetetgeectatate-3'; R 5'-tcageaaggceaaacaattccag-3' 62 200
Tph2 F 5'-cattectegeacaattecagteg-3'; R 5'-agtctacatccateccaactgetg-3' 61 239

RNA-polymerase 11

F 5'-gttgtcgggcageagaatgtag-3'; R 5'-tcaatgagaccttetegtectee-3/ 63 188

Table 2

Sequences and annealing temperatures of primers and hybridization probes used for real-time PCR

Gene Sequence

Annealing temperature (°C) PCR-product size (bp)

5-HTa
FAM-5'-ctgctetgteteteecteectectte-3'-BHQI

F 5’-gccctatatctggaactttgagg-3'; R 5'-ggagaccagaatcageagtgta-3'; 61 112

Tph2 F 5'-cgatctggcttcacagtgagac-3'; R 5'-tgggtgcagtggaatactctgtag-3'; 59 92

FAM-5'-acctgagceccaagagacttectgge-3'-BHQ1
RNA-polymerase I1
FAM-5'-tgceccgetecattgetgeca-3'-BHQ1

F 5'-cctaacctatccattgaccaagtg-3'; R 5'-aagggtgtgacaatctetge-3'; 59 80

was stored at —20°C. The size of mouse genome is known
to be 2.493 x 10° bp (Mouse Genome Informatics, http://www.
informatics.jax.org), which corresponds to a mass of 5pg. In
the present work, we used standard solutions containing from
2.5 to 60 ng/pl of genomic DNA (from 500 to 12000 copies/p.l,
respectively).

2.3. Total RNA

Total RNA was obtained using extraction with phenol,
guanidine isothiocyanate and chloroform and then treated with
RNase-free DNase. Total RNA was checked for the absence
of genomic DNA admixture by means of amplification with
beta-actin primers (Naumenko and Kulikov, 2006).

2.4. Reverse transcription

A 8 pl aliquot of total RNA (1 pg) was blended with 180 ng
of arandom hexanucleotide mixture, 2.25 pl of sterile KC1 (1 M)
and sterile water to a final volume of 16 pl, denaturated at
94 °C for S min and allowed to anneal at 41 °C for 15 min. After
that 15 pl of mixture containing reverse transcriptase M-MLV
(200 U), Tris—HCI (pH 8.3, 0.225 pmol), dNTPs (0.015 pmol),
DTT (0.225 wmol) and MnCl; (0.03 wmol) were added. The
obtained solution (with a final volume of 31 wl) was incubated
at41°C for 1 h. The synthesized cDNA was stored at —20 °C.

2.5. PCR with gel-detection of products

A 1 pl aliquot of cDNA was mixed with 2 pl of PCR buffer,
0.3 pl of MgCl; (0.1 M), 1 l of ANTPs (4 mM), 2.5 .l of mix-
ture of forward and reverse primers for rPol II, Tph2 or 5-HT 5
(2 wM of each; Table 1), 1 U of Taq polymerase and sterile water
to a final volume of 20 pl. PCR was carried out according to
the following protocol: 3 min at 94°C, 1 cycle; 10s at 94 °C,
30s at 63 °C (rPol II), 61 °C (Tph2) or 62 °C (5-HTj4), 155 at
72°C, 25 (rPol II), 26 (Tph2) or 27 (5-HT1a) cycles; 2 min at
72°C, 1 cycle. At the same time a series of mouse genomic DNA

dilutions used as an external standard was amplified in separate
tubes. Concentrations of 20, 30 and 50 ng/ul (4000, 6000 and
10,000 copies/l, respectively) were used to evaluate the num-
ber of rPol II cDNA copies, concentrations of 10, 20, 30 and
40ng/pl (2000, 4000, 6000 and 8000 copies/pl, respectively)
were used for Tph2 and concentrations of 2.5, 5, 10 and 20 ng/p.l
(500, 1000, 2000 and 4000 copies/pl, respectively) were used for
5-HT 4 receptor. Control of reagents was carried out under the
same conditions but with template omitted. PCR was carried out
in duplicate for the samples and in triplicate for the standards.

PCR-products of cDNA, standards and reagent control
were separated by electrophoresis in 2% agarose gel, stained
with etidium bromide and photographed with a digital cam-
era. Fluorescence intensity of the PCR-product bands was
measured with Scion Image software (Scion Corporation,
www.scioncorp.com). PCR-products of cDNA were calibrated
against the corresponding standard curves, which allowed to
determine the number of 5-HT 5, Tph2 and rPol Il cDNA copies
in 1 pl of total cDNA. 5-HTs and Tph2 genes expression was
presented as number of the receptor cDNA copies with respect
to 100 cDNA copies of rPol II.

2.6. Real-time PCR

A 1 pl aliquot of cDNA was mixed with 2.5 wl of PCR buffer,
2.5 plof MgCl; (0.05 M), 2.5 pl of ANTPs (2 mM), 2.5 pl of for-
ward and reverse primers for rPol II, Tph2 or 5-HT; 5 (4 pM of
each; Table 2), 0.8 1 of the corresponding hybridization probe
(5 pM, Table 2), 1 U of Taq polymerase and sterile water to
a final volume of 25 pl. PCR was carried out on amplificator
iCycler iQ (Bio-Rad, USA) according to the following proto-
col: 3min at 94°C, 1 cycle; 10s at 94°C, 30s at 59 °C (rPol
II, Tph2) or 61 °C (5-HTa), 15 at 72 °C, 40 cycles. Fluores-
cence level was detected at the annealing stage of each cycle. A
series of genomic DNA dilutions with concentrations of 20, 40
and 60 ng/pl (4000, 8000 and 12,000 copies/pl, respectively)
for rPol II, concentrations of 10, 20, 40 and 60ng/ul (2000,
4000, 8000 and 12,000 copies/pl, respectively) for Tph2 and
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concentrations of 10, 20, 30 and 50 ng/w.1 (2000, 4000, 6000 and
10,000 copies/pl, respectively) for 5-HT o receptor were ampli-
fied in separate tubes and used as external exogenous standard
for calibration curve building. PCR was carried out in tripli-
cate both for the samples and standards. Control of reagents
was performed under the same conditions but the template was
omitted.

Calibration curve in the coordinates of Ct (threshold cycle
value)-log P (decimal logarithm of the DNA standard quantity)
was plotted automatically by the Bio-Rad iCycler software.

2.7. Statistical analysis

The results were presented as m £ S.E.M. and compared
using the one-way ANOVA.
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Fig. 1. Graphic chart of threshold cycle value as dependent on common loga-
rithm of the initial template quantity of genomic DNA and cDNA for real-time
PCR using 5-HT o, rPol IT and Tph2 primer pairs (A, B and C correspondingly).
The values are means of three replicates.

3. Results

In the present work, conditions were found for determina-
tion of 5-HT 4 receptor and Tph2 genes expression in mouse
brain using real-time PCR. The two-standard system that we
had developed earlier (Naumenko and Kulikov, 2006) was opti-
mized for the application in real-time PCR. The primers used
for real-time PCR differ from those developed for PCR with
gel-detection of products (Tables 1 and 2) because a shorter
amplicon was chosen for the real-time method.

It was shown that the threshold cycle depends on the com-
mon logarithm of initial template quantity in linear manner. The
slope angles and, hence, the amplification coefficients were sim-
ilar (p>0.05) for genomic DNA or cDNA for all used primer
pairs. The slope angles for cDNA and genomic DNA were
3.64+£0.115 and 3.92 £ 0.28 for 5-HT; A primer pair (Fig. 1A);
3.514£0.10 and 3.44 4+ 0.07 for rPol II primer pair (Fig. 1B);
3.71 £0.16 and 3.67 £ 0.27 for Tph2 primer pair (Fig. 1C). The
corresponding amplification coefficients for cDNA and genomic
DNA were 1.88 and 1.80 for 5-HT A primer pair; 1.93 and 1.95
for rPol II primer pair; 1.86 and 1.88 for Tph2 primer pair.

Graphic charts of PCR-product fluorescence intensity as
dependent on cycle number for PCR with gel-detection of prod-
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Fig. 2. Graphic chart of PCR-product fluorescence intensity as dependent on
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HT4 receptor (A), rPol II (B) and Tph2 (C) primers. All curves were obtained
for 1 wl of cDNA from midbrain of investigated mice. The values are means of
two replicates.
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ucts were obtained in a preliminary experiment. It was shown
that these curves are exponential in the range from 24 to 28
cycles for 5-HT 4 receptor (Fig. 2A), from 23 to 27 cycles for
rPol II (Fig. 2B) and from 25 to 28 cycles for Tph2 (Fig. 2C).
Basing upon the obtained charts we chose the optimal, in respect
to signal intensity, cycles in the exponential area of the curves:
27 cycles for 5-HT 4 receptor, 25 cycles for rPol I and 26 for
Tph2. Graphic charts of fluorescence intensity as dependent on
the initial amount of genomic DNA obtained for these cycle
numbers using PCR with gel-detection of products were linear
within the range of 2.5-20ng for 5-HTa receptor (Fig. 3A),
20-50ng for rPol II (Fig. 3C) and 10—40 ng for Tph2 (Fig. 3E).
As for the real-time PCR, the curves showing the dependence of
threshold cycle on common logarithm of initial template quan-
tity were linear within the range of 10-50 ng for 5-HT o receptor
(Fig. 3B), 20-60 ng for rPol II (Fig. 3D), and 10-60 for Tph2
(Fig. 3F). The correlation coefficient (R?) was not less than 0.995
in all the cases.
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To compare the two methods, we used them to determine 5-
HT 4 receptor and Tph2 genes expression in the midbrain of
AKR and CBA mice. It was shown with the help of PCR with gel-
detection of products that 5-HT| 4 receptor gene expression in
the midbrain of mice of the cataleptic strain CBA is substantially
decreased as compared to the control AKR strain (p <0.05).
Thus 5-HTj4 receptor mRNA level in the midbrain of AKR
mice amounted to 28.8 £2.23 copies per 100 copies of rPol II
mRNA, whereas it was as low as 22.6 £+ 1.86 copies per 100
copies of rPol I mRNA in the midbrain of CBA mice (Fig. 4A).

Similar results were obtained when using real-time PCR. 5-
HT; 4 receptor gene expression in the midbrain of CBA mice
was substantially lower than that of the AKR strain (p <0.05).
5-HT 4 receptor mRNA level amounted to 34.9+2.13 and
26.9 = 2.44 copies per 100 copies of rPol II in the midbrain
of AKR and CBA mice, respectively (Fig. 4B).

We have not revealed any differences in Tph2 gene expression
in the midbrain between mice of AKR and CBA strains using
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both methods (p > 0.05). By means of PCR with gel-detection of
products we have found that the Tph2 mRNA level in the mid-
brain of mice of AKR strain amounted to 82.11 4= 6.67 copies
per 100 copies of rPol II mRNA, whereas in the midbrain of
CBA mice it was 95.19 £ 14.87 copies per 100 copies of rPol II
mRNA (Fig. 4C).

Using real-time PCR we have obtained similar results. Tph2
gene expression was 77.75 & 7.63 for mice of AKR strain and
98.75 4 9.48 for mice of CBA strain (Fig. 4D).

4. Discussion

In this paper, we demonstrate that the previously developed
two-standard system (Naumenko and Kulikov, 2006) can be
successfully applied in real-time PCR. As in the case of PCR
with gel-detection of products, we used genomic DNA solution
of a known concentration as an external standard in real-time
PCR. Earlier we had practiced the normalization on fluores-
cence intensity of the standard of a particular concentration, but
in the present work, we used a series of genomic DNA dilu-
tions both for PCR with gel-detection of products and real-time
PCR. This modification makes it possible to control the lin-
earity of the dependence between amplification intensity and
the initial template amount. Besides, it allows to determine the
amount of cDNA copies in a sample more accurately, since a
linear approximation of the calibration curve is used instead of
a simple normalization.

Given the absence of differences in primary sequence and
length between the PCR-products of genomic DNA and cDNA,
we had supposed the amplification efficiency to be the same for
both templates. The detection of fluorescence level after each
cycle allowed us to verify this suggestion. Indeed, the amplifi-
cation coefficients for cDNA and genomic DNA did not differ

significantly for all primer pairs in the range of standard con-
centrations used in the present study.

Previously we had used mRNA of glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) as an endogenous standard,
but recent findings have shown that there are several pseu-
dogenes in mouse genome, closely homologous to GAPDH
(European Bioinformatics Institute Database; accession num-
bers: AC158345; AC163335; AL935328; AC156283). This
might have led to an overestimation of the absolute (but not rel-
ative) results, so we chose another housekeeping gene to serve
as internal standard—the gene encoding the largest subunit of
the DNA-directed RNA polymerase II (European Bioinformat-
ics Institute Database; accession number: M12130). This gene
does not have close homologues in mouse genome. Furthermore,
its expression has been shown to be relatively stable in different
tissues (Radonic et al., 2004).

To compare the two methods we used them to determine 5-
HT; 4 receptor and Tph2 genes expression in the midbrain of
mice belonging to the cataleptic CBA strain and non-cataleptic
AKR strain. It was shown with the help of PCR with gel-
detection of products that 5-HT 4 receptor gene expression is
decreased by 22% in the midbrain of CBA mice as compared
to the AKR strain. Similar results were obtained by means of
real-time PCR. These data are in a good agreement with the
previously obtained results (Naumenko et al., 2006) that have
shown a 24% difference between these strains.

The 5-HT o and Tph2 genes expression levels assessed with
the help of real-time PCR are, respectively, 20% and 5% higher
than those measured using PCR with gel-detection of products.
The significant difference in the 5-HT o gene expression values
assessed by means of PCR with gel-detection of products and
real-time PCR may be related to a higher sensitivity of real-time
PCR for this particular primer—probe system or to diverse PCR
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conditions as all the values obtained were reproduced with an
error less than 10% when the experiment was repeated. These
factors may be less crucial for Tph2 primer—probe system since
the discrepancy between Tph2 mRNA levels assessed using
both methods is as low as 5%. The difference in 5-HT s values
between the present data and those obtained earlier (Naumenko
et al., 2006) obviously results from the different endogenous
standards used.

The obtained results on decreased 5-HTja receptor gene
expression in the brain of cataleptic mice confirm the involve-
ment of 5-HT A receptors in the regulation of catalepsy. This is
in a good agreement with the published data on anti-cataleptic
action of 5-HTja receptor selective agonists (Haleem et al.,
2004) and on localization of the main QTL for catalepsy in
the region of the 13 chromosome that includes 5-HT 5 receptor
gene (Kulikov et al., 2003).

Important is the advantage of PCR with gel-detection of prod-
ucts that it does not require producing expensive hybridization
probes and, consequently, studies using this method can be per-
formed almost in any laboratory. As the present work has shown,
PCR with gel-detection of products, when applying the two-
standard system, does not yield in accuracy and reproducibility
to one of the most up-to-date methods for quantifying gene
expression—real-time PCR. Moreover, it was shown that the
two-standard system that we had previously developed can be
successfully applied in real-time PCR.

Acknowledgment

The work was supported by the grant of Siberian Division
“Integration” No. 5.

References

Abe A, Inoue K, Tanaka T, Kato J, Kajiyama N, Kawaguchi R, et al. Quantita-
tion of hepatitis B virus genomic DNA by real-time detection PCR. J Clin
Microbiol 1999;37:2899-903.

Ball TB, Plummer FA, HayGlass KT. Improved mRNA quantitation in Light-
Cycler RT-PCR. Int Arch Allergy Immunol 2003;130:82—6.

Barnes NM, Sharp T. A review of central 5-HT receptors and their function.
Neuropharmacology 1999;38:1083-152.

Bustin S. Absolute quantification of mRNA using real-time reverse transcription
polymerase chain reaction assays. J Mol Endocrinol 2000;25:169-93.

Charest A, Wainer BH, Albert PR. Cloning and differentiation-induced expres-
sion of a murine serotoninlA receptor in a septal cell line. J Neurosci
1993;13:5164-71.

Corden LJ, Cadena DL, Ahearn JM, Dahmus ME. A unique structure at the
carboxyl terminus of the largest subunit of eukaryotic RNA polymerase II.
Proc Natl Acad Sci USA 1985;82:7934-8.

Cuscé I, Barcelé MJ, Baiget M, Tizzano EF. Implementation of SMA carrier
testing in genetic laboratories: comparison of two methods for quantifying
the SMN1 gene. Hum Mutat 2002;20:452-9.

Haleem DJ, Shireen E, Haleem MA. Somatodendritic and postsynaptic
serotonin-1A receptors in the attenuation of haloperidol-induced catalepsy.
Prog Neuropsychopharmacol Biol Psychiat 2004;28:1323-9.

Jacobs BL, Fornal CA. Serotonin and behavior. A general hypothesis. In:
Bloom FE, Kupfer DJ, editors. Psychopharmacology: the fourth generation
of progress. New York: Raven Press; 1995. p. 461-9.

Jordan C, Li HH, Kwan HC, Francke U. Cerebellar gene expression profiles of
mouse models for Rett syndrome reveal novel MeCP2 targets. BMC Med
Genet 2007;8:36.

Kondaurova EM, Bazovkina DV, Kulikov AV, Popova NK. Selective breeding
for catalepsy changes the distribution of microsatellite D13Mit76 alleles
linked to the 5-HT serotonin receptor gene in mice. Genes Brain Behav
2006;5:596-601.

Kulikov AV, Naumenko VS. Problems of mRNA quantification in the
brain using RT-PCR. In: Kwang LB, editor. New messenger RNA
research communications. New York: Nova Science Publishers Inc.; 2007.
p. 53-68.

Kulikov AV, Bazovkina DV, Moisan MP, Mormede P. The mapping of the gene of
susceptibility to catalepsy in mice using polymorphic microsatellite markers.
Dokl Biol Sci 2003;393:531-4.

Kulikov AV, Naumenko VS, Voronova IP, Tikhonova MA, Popova NK.
Quantitative RT-PCR assay of 5-HTjo and 5-HTa serotonin receptor
mRNAs using genomic DNA as an external standard. J Neurosci Methods
2005;141:97-101.

Lole KS, Arankalle VA. Quantitation of hepatitis B virus DNA by real-time PCR
using internal amplification control and dual TagMan MGB probes. J Virol
Methods 2006;135:83-90.

Lucki I. The spectrum of behaviors influenced by serotonin. Biol Psychiat
1998;44:151-62.

Moisan M-P, Courvoisier H, Bihoreau M-T, Gauguier D, Hendley ED, Lathrop
M, et al. A major quantitative trait locus influences hyperactivity in the
WKHA rat. Nat Genet 1996;14:471-3.

Naumenko VS, Kulikov AV. Quantitative assay of 5-HT(1A) serotonin receptor
gene expression in the brain. Mol Biol (Mosk) 2006;40:37—44.

Naumenko VS, Kondaurova EM, Kulikov AV, Popova NK. Effect of selection
for a high predisposition to catalepsy ob the functional activity of 5-HT
receptors and expression of their gene. Dokl Akad Nauk 2006;406:133-5
(in Russian).

Olivier B. Serotonergic mechanisms in aggression. Novart Found Symp
2005;268:171-83.

Popova NK, Naumenko EV, Kolpakov VG. Serotonin and behavior. Novosibirsk:
Nauka; 1978 (in Russian).

Radonic A, Thulke S, Mackay IM, Landt O, Siegert W, Nitschea A. Guideline to
reference gene selection for quantitative real-time PCR. Biochem Biophys
Res Commun 2004;313:856-62.

Saudou F, Hen R. 5-Hydroxytryptamine receptor subtypes: molecular and func-
tional diversity. Adv Pharmacol 1994;30:327-80.

Walther DJ, Peter JU, Bashammakh S, Hortnagl H, Voits M, Fink H, et al.
Synthesis of serotonin by a second tryptophan hydroxylase isoform. Science
2003;299:76.

Yang L, DingJ, Zhang C, JiaJ, Weng H, Liu W, et al. Estimating the copy number
of transgenes in transformed rice by real-time quantitative PCR. Plant Cell
Rep 2005;23:759-63.

Zamorano PL, Mahesh VB, Brann DW. Quantitative RT-PCR for neuroendocrine
studies. Neuroendocrinology 1996;63:397-407.

Zannoni A, Bernardini C, Rada T, Ribeiro LA, Forni M, Bacci ML. Prostaglandin
F2-alpha receptor (FPr) expression on porcine corpus luteum microvas-
cular endothelial cells (pCL-MVECs). Reprod Biol Endocrinol 2007;
5:31.

Zhao LH, Ma YY, Wang H, Zhao SP, Zhao WM, Li H, et al. Establishment
and application of a TagMan real-time quantitative reverse transcription-
polymerase chain reaction assay for rubella virus RNA. Acta Biochim
Biophys Sinica (Shanghai) 2006;38:731-6.



	Utilization of a two-standard system in real-time PCR for quantification of gene expression in the brain
	Introduction
	Materials and methods
	Animals
	Reagents
	Total RNA
	Reverse transcription
	PCR with gel-detection of products
	Real-time PCR
	Statistical analysis

	Results
	Discussion
	Acknowledgment
	References


