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bstract

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.
enomic DNA of a known concentration was used as external standard and mRNA of the DNA-dependent RNA-polymerase II was used as internal

tandard. It was shown that PCR with gel-detection of products and real-time PCR provide similar results and demonstrate almost identical accuracy

nd repeatability when the two-standard system is used. With the help of the both methods and using the two-standard system we have confirmed
he link between the genetically determined freezing reaction in mice and reduced 5-HT1A receptor mRNA level in the midbrain. We have also
ound 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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. Introduction

At present, the most sensitive method for gene expression
tudies is RT-PCR (Jordan et al., 2007; Zamorano et al., 1996).
uring reverse transcription cDNA is synthesized on RNA tem-
late and the number of cDNA copies is evaluated with the help
f PCR. One of the multiple varieties of this method that has been
idely used recently is real-time PCR which allows detecting

he accumulation of PCR-products immediately in the reaction
rocess without using the additional electrophoresis stage. The
uantity of amplicon is proportionate to the initial amount of
emplate, which makes it possible to determine DNA quantita-
ively. One of the most commonly used real-time PCR variants
onsists in using an intercalating dye (for instance, SYBR Green
) that joins the newly synthesized amplicon, which leads to a
ultifold fluorescence growth that can be detected (Zannoni et
l., 2007). A grave shortcoming of this method is the dye non-
pecificity. Since the intercalation occurs in any DNA-duplexes
ncluding, for instance, primer–dimers, this leads to an increase
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n fluorescence level and, consequently, to a greater measure-
ent error (Ball et al., 2003). Furthermore, using an intercalating

ye limits the application of both internal and external stan-
ards. For example, genomic DNA cannot be used as external
tandard because the dye non-specificity leads to an enormous
ackground. As regards internal standard, intercalating dye does
ot allow to use competitor. Moreover, minor primers non-
pecificity leads to a substantial background growth and, hence,
ncreases the error.

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

A system of internal or external standards is usually used for
tandardization. Listed below are the most commonly applied

xternal standards: (1) artificially cloned fragment of the target
ene DNA, containing annealing sites for the primers used for
valuation of the target gene expression (Lole and Arankalle,
006); (2) genomic DNA (Cuscó et al., 2002; Kulikov et al.,

mailto:naumenko2002@mail.ru
dx.doi.org/10.1016/j.jneumeth.2008.01.008


1 rosci

2
m
(
t
s
p
o
u
d
R
D

s
fi
a
n
t
p
m
a
Y
l
w
s
n
N

f
v
t
a
t
r
a
a
S
t
t
t
a
P
c
e
c
p

t
t
T
f
g
w
e
w
r
(
e

(
e
r

2

2

m
C
A
b
n

s
u
m
i
A
a

2

t
D
a
m
N
E
(
(

c
t
t
p
f
p
r
r
I
a
u

w
n

a
m
t
a

98 V.S. Naumenko et al. / Journal of Neu

005); (3) amplicon (Zhao et al., 2006). Genomic DNA is the
ost universal since it represents all the genes of an organism

Cuscó et al., 2002; Kulikov et al., 2005). Furthermore, calibra-
ion curves that are obtained using genomic DNA are far more
table than those obtained using amplicons, which allows com-
aring results of different experiments. One of the shortcomings
f genomic DNA as a standard is that it cannot be applied when
sing intron-spanning primers which anneal to two gene exons
ivided by an intron (Zamorano et al., 1996). In this connection,
NA samples should be checked for the absence of genomic
NA contamination (Naumenko and Kulikov, 2006).
Using an external standard that is completely identical in

equence to the target fragment supposes no difference in ampli-
cation efficacy of samples and standard and allows a more
ccurate determination of mRNA level. However, using an exter-
al standard does not enable one to control RNA extraction and
he reverse transcription. The most effective solution for this
roblem is applying an endogenous internal standard. This is
ost often mRNA of a housekeeping gene that is expressed in
majority of tissues at almost equal levels (Cuscó et al., 2002;
ang et al., 2005). Only using such a standard enables control-

ing both RNA extraction and the reverse transcription reaction,
hich allows, along with using an external standard, as we have

howed previously, a reliable and accurate quantitative determi-
ation of the target mRNA level (Kulikov and Naumenko, 2007;
aumenko and Kulikov, 2006).
Although the described system of standards can be used

or investigation of any gene, its applying is particularly rele-
ant when studying genes without introns. The latter include
he genes encoding 5-HT1A serotonin receptor, �2, �1 and �2
drenergic receptors which play an important role in brain signal
ransduction and, therefore, are of a great interest to many neu-
oscientists. 5-HT1A receptors mediate serotonin (5-HT) action
nd play the key role in the autoregulation of 5-HT neurons
ctivity and neuromediator secretion (Barnes and Sharp, 1999).
erotonin is involved in regulation of various physiological func-

ions and types of normal and pathological behavior: sleep,
hermoregulation, central regulation of endocrine glands secre-
ion, stress response, sexual and aggressive behavior, appetite
nd thirst (Jacobs and Fornal, 1995; Lucki, 1998; Olivier, 2005;
opova et al., 1978; Saudou and Hen, 1994). The recently dis-
overed tryptophan hydroxylase 2 (Tph2) gene encodes the main
nzyme of brain 5-HT synthesis and, hence, is likely to be impli-
ated in the regulation of all the behavioral forms and mental
rocesses controlled by this mediator (Walther et al., 2003).

The aim of the present study is applying the two-standard sys-
em that we have developed previously to real-time PCR in order
o determine 5-НT1A and Tph2 genes expression in mouse brain.
o compare this method with the previously developed technique
or quantitative determination of gene expression by means of
el-detection of PCR-products (Naumenko and Kulikov, 2006),
e used both for studying 5-НT1A receptor and Tph2 genes

xpression in the brain of mice. As a model for our investigation

e have chosen the mice with genetically determined freezing

eaction or catalepsy (CBA strain) and the non-cataleptic mice
AKR strain). Previously we have found a significant differ-
nce in 5-НT1A receptor mRNA level between these two strains

f
1
i

ence Methods  170 (2008) 197–203

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

. Materials and methods

.1. Animals

Experiments were carried out on adult (aged 10–12 weeks)
ales of AKR/J and CBA/LacJ strains, 10 animals in each group.
BA strain is characterized by a high rate of cataleptic mice.
bout 54% of CBA mice demonstrate this kind of defensive
ehavior in response to a series of nap pinches, while there are
o cataleptics among AKR mice (Kondaurova et al., 2006).

Animals were decapitated and the midbrain was taken. The
amples were frozen in liquid nitrogen and kept at −65 ◦C
ntil the RNA extraction. All experimental procedures were
ade in compliance with the Guidelines for Ethical Conduct

n the Care and Use of Animals (developed by Committee on
nimal Research and Ethics, 1991; http://www.apa.org/science/

nguide.html).

.2. Reagents

Taq-polymerase (30 U/�l) and M-MLV reverse transcrip-
ase (750 U/�l) (Biosan, Novosibirsk, Russia). RNase-free
Nase (1 U/�l) (Promega, USA). Set of dNTPs (100 mM each)

nd PCR buffer (60 mM Tris–HCl, 25 mM KCl, 10 mM 2-
ercaptoethanol, 0.1% Triton X-100), MgCl2 (SibEnzyme,
ovosibirsk, Russia). Tris, guanidine isothiocyanate, SDS,
DTA, KCl, NaCl, MgCl2, MnCl2, DTT and Triton X-100

Sigma, USA). Phenol, chloroform, isopropanol and ethanol
Reakhim, Moscow, Russia).

All the primers and hybridization probes containing fluores-
ein (FAM) at the 5′-end and fluorescence quencher (BHQ1) at
he 3′-end used in the present work were synthesized on the syn-
hesizer ASM-800 (Biosset, Novosibirsk) following a standard
rocedure. Nucleotide sequences and annealing temperatures
or all the oligonucleotides used in PCR with gel-detection of
roducts and real-time PCR are presented in Tables 1 and 2,
espectively. The primers and hybridization probes for 5-НT1A

eceptor, Tph2 and DNA-dependent RNA-polymerase II (rPol
I) were designed on the basis of published sequences (Charest et
l., 1993; Corden et al., 1985; Walther et al., 2003, respectively)
sing the EMBL Nucleotide database and GeneBank.

The primers for rPol II and Tph2 were designed in such a
ay that the corresponding fragments of genomic DNA were
ot divided by an intron.

In the presented technique, two standards, an internal and
n external, were used. As internal standard we used rPol II
RNA, which allowed us to control RNA extraction, reverse

ranscription and served as the basis to calculate the receptor
nd Tph2 mRNA levels.
As external standard, we used genomic DNA extracted
rom hepatocyte nuclei of a C57BL/6 mouse (Moisan et al.,
996). Concentration of the obtained DNA was assessed by
ts optical density measured at 260 nm. The extracted DNA

http://www.apa.org/science/anguide.html
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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-HT1A F 5′-gactgccaccctctgccctatatc-3′; R 5′-tcagcaaggcaaacaattccag-3′ 62 200

Tph2 F 5′-cattcctcgcacaattccagtcg-3′; R 5′-agtctacatccatcccaactgctg-3′ 61 239

RNA-polymerase II F 5′-gttgtcgggcagcagaatgtag-3′; R 5′-tcaatgagaccttctcgtcctcc-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-HT1A F 5′-gccctatatctggaactttgagg-3′; R 5′-ggagaccagaatcagcagtgta-3′;
FAM-5′-ctgctctgtctctccctccctccttc-3′-BHQ1

61 112

Tph2 F 5′-cgatctggcttcacagtgagac-3′; R 5′-tgggtgcagtggaatactctgtag-3′;
FAM-5′-acctgagcccaagagacttcctggc-3′-BHQ1

59 92
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NA-polymerase II F 5′-cctaacctatccattgaccaagtg-3′; R 5′-aagggtgtgaca
FAM-5′-tgccccgctccattgctgcca-3′-BHQ1

as stored at −20 ◦C. The size of mouse genome is known
o be 2.493 × 109 bp (Mouse Genome Informatics, http://www.
nformatics.jax.org), which corresponds to a mass of 5 pg. In
he present work, we used standard solutions containing from
.5 to 60 ng/�l of genomic DNA (from 500 to 12000 copies/�l,
espectively).

.3. Total RNA

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

.4. Reverse transcription

A 8 �l aliquot of total RNA (1 �g) was blended with 180 ng
f a random hexanucleotide mixture, 2.25 �l of sterile KCl (1 M)
nd sterile water to a final volume of 16 �l, denaturated at
4 ◦C for 5 min and allowed to anneal at 41 ◦C for 15 min. After
hat 15 �l of mixture containing reverse transcriptase M-MLV
200 U), Tris–HCl (pH 8.3, 0.225 �mol), dNTPs (0.015 �mol),
TT (0.225 �mol) and MnCl2 (0.03 �mol) were added. The
btained solution (with a final volume of 31 �l) was incubated
t 41 ◦C for 1 h. The synthesized cDNA was stored at −20 ◦C.

.5. PCR with gel-detection of products

A 1 �l aliquot of cDNA was mixed with 2 �l of PCR buffer,
.3 �l of MgCl2 (0.1 M), 1 �l of dNTPs (4 mM), 2.5 �l of mix-
ure of forward and reverse primers for rPol II, Tph2 or 5-HT1A
2 �M of each; Table 1), 1 U of Taq polymerase and sterile water
o a final volume of 20 �l. PCR was carried out according to

he following protocol: 3 min at 94 ◦C, 1 cycle; 10 s at 94 ◦C,
0 s at 63 ◦C (rPol II), 61 ◦C (Tph2) or 62 ◦C (5-HT1A), 15 s at
2 ◦C, 25 (rPol II), 26 (Tph2) or 27 (5-HT1A) cycles; 2 min at
2 ◦C, 1 cycle. At the same time a series of mouse genomic DNA

s
a
f
4

tgc-3′; 59 80

ilutions used as an external standard was amplified in separate
ubes. Concentrations of 20, 30 and 50 ng/�l (4000, 6000 and
0,000 copies/�l, respectively) were used to evaluate the num-
er of rPol II cDNA copies, concentrations of 10, 20, 30 and
0 ng/�l (2000, 4000, 6000 and 8000 copies/�l, respectively)
ere used for Tph2 and concentrations of 2.5, 5, 10 and 20 ng/�l

500, 1000, 2000 and 4000 copies/�l, respectively) were used for
-НT1A receptor. Control of reagents was carried out under the
ame conditions but with template omitted. PCR was carried out
n duplicate for the samples and in triplicate for the standards.

PCR-products of cDNA, standards and reagent control
ere separated by electrophoresis in 2% agarose gel, stained
ith etidium bromide and photographed with a digital cam-

ra. Fluorescence intensity of the PCR-product bands was
easured with Scion Image software (Scion Corporation,
ww.scioncorp.com). PCR-products of cDNA were calibrated

gainst the corresponding standard curves, which allowed to
etermine the number of 5-HT1A, Tph2 and rPol II cDNA copies
n 1 �l of total cDNA. 5-HT1A and Tph2 genes expression was
resented as number of the receptor cDNA copies with respect
o 100 cDNA copies of rPol II.

.6. Real-time PCR

A 1 �l aliquot of cDNA was mixed with 2.5 �l of PCR buffer,
.5 �l of MgCl2 (0.05 M), 2.5 �l of dNTPs (2 mM), 2.5 �l of for-
ard and reverse primers for rPol II, Tph2 or 5-HT1A (4 �M of

ach; Table 2), 0.8 �l of the corresponding hybridization probe
5 �M, Table 2), 1 U of Taq polymerase and sterile water to
final volume of 25 �l. PCR was carried out on amplificator

Cycler iQ (Bio-Rad, USA) according to the following proto-
ol: 3 min at 94 ◦C, 1 cycle; 10 s at 94 ◦C, 30 s at 59 ◦C (rPol
I, Tph2) or 61 ◦C (5-HT1A), 15 s at 72 ◦C, 40 cycles. Fluores-
ence level was detected at the annealing stage of each cycle. A

eries of genomic DNA dilutions with concentrations of 20, 40
nd 60 ng/�l (4000, 8000 and 12,000 copies/�l, respectively)
or rPol II, concentrations of 10, 20, 40 and 60 ng/�l (2000,
000, 8000 and 12,000 copies/�l, respectively) for Tph2 and

http://www.informatics.jax.org/
http://www.scioncorp.com/
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oncentrations of 10, 20, 30 and 50 ng/�l (2000, 4000, 6000 and
0,000 copies/�l, respectively) for 5-HT1A receptor were ampli-
ed in separate tubes and used as external exogenous standard
or calibration curve building. PCR was carried out in tripli-
ate both for the samples and standards. Control of reagents
as performed under the same conditions but the template was
mitted.

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

.7. Statistical analysis
The results were presented as m ± S.E.M. and compared
sing the one-way ANOVA.

ig. 1. Graphic chart of threshold cycle value as dependent on common loga-
ithm of the initial template quantity of genomic DNA and cDNA for real-time
CR using 5-HT1A, rPol II and Tph2 primer pairs (A, B and C correspondingly).
he values are means of three replicates.
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. Results

In the present work, conditions were found for determina-
ion of 5-НT1A receptor and Tph2 genes expression in mouse
rain using real-time PCR. The two-standard system that we
ad developed earlier (Naumenko and Kulikov, 2006) was opti-
ized for the application in real-time PCR. The primers used

or real-time PCR differ from those developed for PCR with
el-detection of products (Tables 1 and 2) because a shorter
mplicon was chosen for the real-time method.

It was shown that the threshold cycle depends on the com-
on logarithm of initial template quantity in linear manner. The

lope angles and, hence, the amplification coefficients were sim-
lar (p > 0.05) for genomic DNA or cDNA for all used primer
airs. The slope angles for cDNA and genomic DNA were
.64 ± 0.115 and 3.92 ± 0.28 for 5-HT1A primer pair (Fig. 1A);
.51 ± 0.10 and 3.44 ± 0.07 for rPol II primer pair (Fig. 1B);
.71 ± 0.16 and 3.67 ± 0.27 for Tph2 primer pair (Fig. 1C). The
orresponding amplification coefficients for cDNA and genomic
NA were 1.88 and 1.80 for 5-HT1A primer pair; 1.93 and 1.95
or rPol II primer pair; 1.86 and 1.88 for Tph2 primer pair.
Graphic charts of PCR-product fluorescence intensity as

ependent on cycle number for PCR with gel-detection of prod-

ig. 2. Graphic chart of PCR-product fluorescence intensity as dependent on
mplification cycle number for the PCR with gel-detection of products using 5-
T1A receptor (A), rPol II (B) and Tph2 (C) primers. All curves were obtained

or 1 �l of cDNA from midbrain of investigated mice. The values are means of
wo replicates.
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cts were obtained in a preliminary experiment. It was shown
hat these curves are exponential in the range from 24 to 28
ycles for 5-НT1A receptor (Fig. 2A), from 23 to 27 cycles for
Pol II (Fig. 2B) and from 25 to 28 cycles for Tph2 (Fig. 2C).
asing upon the obtained charts we chose the optimal, in respect

o signal intensity, cycles in the exponential area of the curves:
7 cycles for 5-НT1A receptor, 25 cycles for rPol II and 26 for
ph2. Graphic charts of fluorescence intensity as dependent on

he initial amount of genomic DNA obtained for these cycle
umbers using PCR with gel-detection of products were linear
ithin the range of 2.5–20 ng for 5-HT1A receptor (Fig. 3A),
0–50 ng for rPol II (Fig. 3C) and 10–40 ng for Tph2 (Fig. 3E).
s for the real-time PCR, the curves showing the dependence of

hreshold cycle on common logarithm of initial template quan-

ity were linear within the range of 10–50 ng for 5-HT1A receptor
Fig. 3B), 20–60 ng for rPol II (Fig. 3D), and 10–60 for Tph2
Fig. 3F). The correlation coefficient (R2) was not less than 0.995
n all the cases.

2
o

i

ig. 3. The curves describing dependence of PCR-product fluorescence intensity on t
he initial genomic DNA quantity for PCR with gel-detection of products using 5-HT
f threshold cycle value as dependent on the common logarithm of genomic DNA qua
correspondingly). The values are means of three replicates.
science Methods 170 (2008) 197–203 201

To compare the two methods, we used them to determine 5-
T1A receptor and Tph2 genes expression in the midbrain of
KR and CBA mice. It was shown with the help of PCR with gel-
etection of products that 5-НT1A receptor gene expression in
he midbrain of mice of the cataleptic strain CBA is substantially
ecreased as compared to the control AKR strain (p < 0.05).
hus 5-НT1A receptor mRNA level in the midbrain of AKR
ice amounted to 28.8 ± 2.23 copies per 100 copies of rPol II
RNA, whereas it was as low as 22.6 ± 1.86 copies per 100

opies of rPol II mRNA in the midbrain of CBA mice (Fig. 4A).
Similar results were obtained when using real-time PCR. 5-

T1A receptor gene expression in the midbrain of CBA mice
as substantially lower than that of the AKR strain (p < 0.05).
-НT1A receptor mRNA level amounted to 34.9 ± 2.13 and

6.9 ± 2.44 copies per 100 copies of rPol II in the midbrain
f AKR and CBA mice, respectively (Fig. 4B).

We have not revealed any differences in Tph2 gene expression
n the midbrain between mice of AKR and CBA strains using

he initial template quantity. Variation of fluorescence intensity as a function of

1A, rPol II and Tph2 primer pairs (A, C and E correspondingly). Graphic chart
ntity for real-time PCR using 5-HT1A, rPol II and Tph2 primer pairs (B, D and
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ig. 4. Expression of 5-HT1A receptor gene estimated using PCR with gel-de
sing PCR with gel-detection of products (C) and real-time PCR (D). The 5-HT
umber per 100 copies of rPol II cDNA. *p < 0.05 as compared to AKR.

oth methods (p > 0.05). By means of PCR with gel-detection of
roducts we have found that the Tph2 mRNA level in the mid-
rain of mice of AKR strain amounted to 82.11 ± 6.67 copies
er 100 copies of rPol II mRNA, whereas in the midbrain of
BA mice it was 95.19 ± 14.87 copies per 100 copies of rPol II
RNA (Fig. 4C).
Using real-time PCR we have obtained similar results. Tph2

ene expression was 77.75 ± 7.63 for mice of AKR strain and
8.75 ± 9.48 for mice of CBA strain (Fig. 4D).

. Discussion

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

Given the absence of differences in primary sequence and
ength between the PCR-products of genomic DNA and cDNA,

e had supposed the amplification efficiency to be the same for
oth templates. The detection of fluorescence level after each
ycle allowed us to verify this suggestion. Indeed, the amplifi-
ation coefficients for cDNA and genomic DNA did not differ

T
a
r
P

n of products (A) and real-time PCR (B). Expression of Tph2 gene estimated
d Tph2 genes expression is presented as 5-HT1A receptor or Tph2 cDNA copy

ignificantly for all primer pairs in the range of standard con-
entrations used in the present study.

Previously we had used mRNA of glyceraldehyde 3-
hosphate dehydrogenase (GAPDH) as an endogenous standard,
ut recent findings have shown that there are several pseu-
ogenes in mouse genome, closely homologous to GAPDH
European Bioinformatics Institute Database; accession num-
ers: AC158345; AC163335; AL935328; AC156283). This
ight have led to an overestimation of the absolute (but not rel-

tive) results, so we chose another housekeeping gene to serve
s internal standard—the gene encoding the largest subunit of
he DNA-directed RNA polymerase II (European Bioinformat-
cs Institute Database; accession number: M12130). This gene
oes not have close homologues in mouse genome. Furthermore,
ts expression has been shown to be relatively stable in different
issues (Radonic et al., 2004).

To compare the two methods we used them to determine 5-
T1A receptor and Tph2 genes expression in the midbrain of
ice belonging to the cataleptic CBA strain and non-cataleptic
KR strain. It was shown with the help of PCR with gel-
etection of products that 5-НT1A receptor gene expression is
ecreased by 22% in the midbrain of CBA mice as compared
o the AKR strain. Similar results were obtained by means of
eal-time PCR. These data are in a good agreement with the
reviously obtained results (Naumenko et al., 2006) that have
hown a 24% difference between these strains.

The 5-HT1A and Tph2 genes expression levels assessed with
he help of real-time PCR are, respectively, 20% and 5% higher
han those measured using PCR with gel-detection of products.

he significant difference in the 5-HT1A gene expression values
ssessed by means of PCR with gel-detection of products and
eal-time PCR may be related to a higher sensitivity of real-time
CR for this particular primer–probe system or to diverse PCR
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onditions as all the values obtained were reproduced with an
rror less than 10% when the experiment was repeated. These
actors may be less crucial for Tph2 primer–probe system since
he discrepancy between Tph2 mRNA levels assessed using
oth methods is as low as 5%. The difference in 5-HT1A values
etween the present data and those obtained earlier (Naumenko
t al., 2006) obviously results from the different endogenous
tandards used.

The obtained results on decreased 5-HT1A receptor gene
xpression in the brain of cataleptic mice confirm the involve-
ent of 5-HT1A receptors in the regulation of catalepsy. This is

n a good agreement with the published data on anti-cataleptic
ction of 5-HT1A receptor selective agonists (Haleem et al.,
004) and on localization of the main QTL for catalepsy in
he region of the 13 chromosome that includes 5-HT1A receptor
ene (Kulikov et al., 2003).

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