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Congenic mice obtained by genome fragments transfer from one strain to another are a
potent tool for studies of the molecular mechanisms of behavioral mutations. The 59-70
cM fragment of chromosome 13 containing the locus determining predisposition to
freezing reaction (catalepsy) and the gene encoding 5-HT1A receptor were transferred
from cataleptic CBA/Lac mice into the genome of catalepsy-resistant AKR/J mice. The
impact of this fragment for the severity of catalepsy and expression of genes encoding
tryptophane hydroxylase-2, serotonin transporter, and 5-HT1A receptor was studied. Half
of mice of the resultant congenic AKR.CBA-D13Mit76 strain exhibited pronounced ca-
talepsy, similarly to donor CBA animals. The expression of 5-HT1A receptor gene in the
midbrain of AKR animals was significantly higher than in CBA. The level of 5-HT1A re-
ceptor mRNA in AKR.CBA-D13Mit76 animals was significantly higher than in the donor
strain. Mice of parental AKR and CBA strains did not differ from each other and from
AKR.CBA-D13Mit76 animals by the levels of tryptophane hydroxylase-2 and serotonin
transporter genes mRNA. These data prove the location of catalepsy regulating gene in the
distal fragment of chromosome 13. The recipient strain genome enhanced the expression
of 5-HT1A receptor gene in the brain without modulating the expression of catalepsy gene.
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Detection of the pathway from the gene to the sign,
the sequence of molecular events through which
gene mutations manifest by changes in behavior is
the key problem of behavioral genetics. Congenic

mice obtained by genome fragment transfer are the
most potent models for studies of molecular
mechanisms of behavioral mutations. We used con-
genic mice for studies of the role of the brain se-
rotonin system in the molecular mechanisms of
regulation of hereditary catalepsy in mice.

Catalepsy (tonic stupor, animal hypnosis, sham
death) manifests as the state of long-lasting immo-
bility accompanied by plastic muscular tone. The
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animal or human in a state of catalepsy can retain
an imposed artificial uncomfortable posture for a
long time. In birds and mammals, catalepsy is a
passive defense freezing (hiding) reaction in re-
sponse to appearance of a predator or other threa-
tening stimuli [5]. Hypertrophic manifestations of
catalepsy are symptoms of severe disorders of brain
function [13].

There are many proofs in favor of the key role
of the brain transmitter serotonin (5-HT) in the
mechanism of hereditary catalepsy [12]. Serotonin
is synthesized in 5-HT neurons in the midbrain,
packed in vesicles, and delivered by the axonal
transport to all structures of the brain. It is acknow-
ledged that tryptophane hydroxylase-2 (TPH-2; de-
termines the rate of 5-HT synthesis in the brain),
5-HT1A receptor, and 5-HT transporter play the key
role in the spatial and temporal regulation of 5-HT
synapse function [4,9,15]. Changes in genes en-
coding these proteins are associated with hereditary
behavioral disorders [10,14].

Hereditary catalepsy in GC rats (genetic cata-
lepsy) is associated with high TPH-2 activity in the
striatum [8] and low density of 5-HT1A in the mid-
brain [11]. Agonists of 5-HT1A receptor (8-OH-DPAT
and flesinoxan) shorten the duration of cataleptic
freezing in GC rats [6]. We previously located the
gene determining liability to catalepsy in mice in
the distal part of chromosome 13 near the gene
encoding 5-HT1A receptor [1].

The aim of this study was transfer of chromo-
some 13 fragment containing the allele determining
high liability to catalepsy from CBA mice into the
genome of catalepsy-resistant AKR mice and eva-
luation of the effect of this fragment on the severity
of catalepsy and expression of genes encoding TPH-
2, 5-HT transporter, and 5-HT1A receptor in the
midbrain.

MATERIALS AND METHODS

Experiments were carried out on adult male AKR.
CBA-D13Mit76 (n=29), CBA/Lac (n=132), and
AKR/J (n=29) mice. The CBA and AKR strains
were maintained by close inbreeding for more than
40 years at Institute of Cytology and Genetics. The
AKR.CBA-D13Mit76 strain was obtained by trans-
fer of chromosome 13 fragment labeled with D13-
Mit76 (61 cM) satellite linked with catalepsy gene
from CBA mice to the genome of AKR mice. To
this end, male (AKR×CBA)F1 hybrids were mated
with AKR females; heterozygous males were se-
lected from back-crosses by D13Mit76 marker and
mated with AKR females. The procedure was re-
peated 8 times. After 9 mating procedures, the he-

terozygous mice were mated between each other in
order to obtain AKR.CBA-D13Mit76 animals with
D13Mit76 CBA allele in AKR genome. The boun-
daries of this fragment of chromosome 13 transfer-
red from CBA were detected in the AKR genome
using two markers: D13Mit74 (59 cM) and D13-
Mit214 (71 cM). Animal genotype was identified
by PCR with primers specific for D13Mit76, D13-
Mit74, and D13Mit214 markers using DNA sam-
ples isolated from tissues of the tip of the tail [1].
The AKR.CBA-D13Mit76 strain was homozygous
by D13Mit74 CBA allele and by D13Mit214 AKR
allele. Together with the CBA allele of catalepsy
gene, CBA allele of 5-HT1A receptor gene located
1 cM proximally (58 cM) from D13Mit74 marker was
transferred to AKR.CBA-D13Mit76 strain (Fig. 1).

All animals were aged 2-3 months, weighing
25±2 g, kept in groups of 10 mice after separation
from mothers in 50×30×25 cm cages at natural illu-
mination, 22±2oC, food and water ad libitum. The
animals were handled in accordance with the regu-
lations of the European Community Council (direc-
tive 86/309/EEC of November 24, 1986).

In order to eliminate the group effect, the ani-
mals were isolated in individual cages (50×30×25
cm) 2-3 days before the experiment. Catalepsy was
induced by a series of pinches of the nape of the
neck. The percent of cataleptics retaining the pos-
ture which was imparted to them for at least 20 sec
in no less than 3 of 10 tests was evaluated [1].

The levels of mRNA of TPH-2, 5-HT trans-
porter, and 5-HT1A receptor genes were measured
in 10 mice of each strain. The animals were deca-
pitated, the brain was placed on ice, and the mid-
brain was isolated. After location of the bodies of
5-HT neurons, the midbrain was rapidly frozen in
liquid nitrogen and stored at -70oC.

Total RNA was isolated by extraction with a
mixture of guanidine isothiocyanate, phenol, and
chloroform. The levels of TPH-2, 5-HT transporter,
and 5-HT1A receptor gene mRNA were evaluated
by RT-PCR using known concentrations of mouse
genome DNA as the external standard [3]. The
nucleotide sequences, primer annealing tempera-

Fig. 1. Structure of AKR.CBA-D13Mit76 chromosome 13. Frag-
ments from AKR and CBA are colored white and gray, respectively.
The position of 5-HT1A receptor gene and microsatellite markers
is shown by vertical lines.
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tures, and amplicon sizes are presented in Table 1.
No differences in RNA polymerase 2 gene mRNA
in mice of the studied genotypes were detected
(F2.20<1, p>0.05), and therefore RNA polymerase 2
mRNA was used as the endogenous standard.

The level of mRNA was expressed by the num-
ber of copies of the studied gene per 100 copies of
RNA polymerase 2 mRNA present in the samples
(internal standard).

Liability to catalepsy was expressed as the per-
centage of cataleptics in the strain and compared
using the χ2 test. The levels of mRNA were com-
pared using ANOVA with subsequent multiple com-
parison after Fisher.

RESULTS

Congenic AKR.CBA-D13Mit76 strain was derived
as a result of 9 successive back crossings with
AKR. The genome of the new strain was 99.8%
AKR genome except a short fragment near D13-
Mit76 marker (61 cM). The transfer of chromo-
some 13 fragment labeled with D13Mit76 micro-
satellite from CBA to AKR genome significantly
modified the behavior of animals and transformed
AKR mice not liable to catalepsy into cataleptic
mice. This fact experimentally confirmed the loca-
tion of the catalepsy gene in the transferred frag-
ment of chromosome 13. It is noteworthy that sign
penetrance in congenic mice well coincided with
that in donor CBA mice: 51.7% cataleptics in the

AKR.CBA-D13Mit76 strain and 54% in cataleptic
CBA strain (Table 2). This fact proves that the
genome of the recipient AKR strain did not appre-
ciably modify the expression of catalepsy gene.

CBA allele of 5-HT1A receptor gene was also
transferred into AKR.CBA-D13Mit76 strain geno-
me together with the catalepsy locus. The strains
differed significantly by the concentrations of
5-HT1A receptor mRNA in the midbrain (Table 3).
The expression of 5-HT1A receptor gene was mini-
mum in CBA animals and maximum in AKR mice.
This result is in good agreement with published
data [2]. At the same time, the concentration of 5-
HT1A receptor mRNA in AKR.CBA-D13Mit76 mice
(25.9±2.6) inheriting the 5-HT1A receptor allele from
CBA strain was equal to arithmetic mean of mRNA
levels in parental CBA and AKR strains ((19.4±
31.5)/2=25.5). The increase in level of 5-HT1A re-
ceptor mRNA in AKR.CBA-D13Mit76 mice (p<0.1
in comparison with that in donor strain CBA) indi-
cates the effect of recipient (AKR) strain genome
on the expression of this sign. It seems that this
difference in the levels of 5-HT1A receptor mRNA
in the parental strains cannot be attributed exclu-
sively to changes in the promoter of the corre-
sponding gene. By contrast, genetic factors located
in other parts of the genome are involved in the
regulation of 5-HT1A receptor gene expression. No
differences in the levels of TPH-2 and 5-HT trans-
porter genes mRNA in the midbrain were detected
in mice of the three studied strains.

TABLE 2. Liability to Catalepsy in AKR, CBA, and AKR.CBA-D13Mit76 Mice

AKR 29 0 (0%)

CBA 132 71 (54%) 27.9 (p<0.001)

AKR.CBA�D13Mit76 29 15 (51.7%) 20.2 (p<0.001)

Strain χ2 (p), df=1 (vs. AKR)Number/% of catalepticsNumber of animals

TABLE 1. Nucleotide Sequences and Characteristics of Primers

5�HT
1A

 receptor F 5'�gactgccaccctctgccctatatc 62 200

5'�tcagcaaggcaaacaattccag

TPH�2 F 5'�cattcctcgcacaattccagtcg 61 239

R 5'�agtctacatccatcccaactgctg

5�HT transporter F 5'�aagccccaccttgactcctcc 57 198

R 5'�ctccttcctctcctcacatatcc

RNA polymerase 2 F 5'�gttgtcgggcagcagaatgtag 63 188

R 5'�tcaatgagaccttctcgtcctcc

Gene
Amplicon

length, b. p.
Annealing

temperature, oC
Nucleotide
sequences
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Despite the fact that our experiment failed to
confirm an association between catalepsy and le-
vels of TPH-2, 5-HT transporter, and 5-HT1A re-
ceptor genes expression, this negative result does
not contradict the key role of the brain 5-HT in the
regulation of the freezing reaction. An association
between high activity of TPH-2 and severity of
hereditary catalepsy in rats [8] and mice [7] was
previously demonstrated. Cataleptic CBA and ASC
mice are characterized by higher sensitivity of
5-HT1A receptor to 8-OH-DPAT agonist in compari-
son with noncataleptic AKR animals [2]. The cata-
lepsy gene most likely regulates the function of
these proteins at the posttranslational level. This
conclusion is in good agreement with previous data
indicating that the increase of TPH-2 activity in the
striatum of cataleptic GC rats is a posttranslational
event caused by local reversible phosphorylation of
the enzyme [8].

Thus, transfer of chromosome 13 fragment from
CBA to AKR mouse genome confirmed the location
of catalepsy-regulating gene in the distal fragment of
chromosome 13 and detected the effect of the re-
cipient strain genome on the expression of 5-HT1A

receptor gene. The resultant congenic AKR.CBA-
D13Mit76 strain is a prospective model for studies
of molecular mechanisms of the realization of here-
ditary behavior.

The study was supported by the Russian Foun-
dation for Basic Research (grant No. 08-04-00123),
integration interdisciplinary program of Siberian
Division of the Russian Academy of Sciences (grant

TABLE 3. Levels of 5-HT1A Receptor, 5-HT Transporter, and TPH-2 Gene mRNA in the Midbrain of AKR, CBA, and AKR.CBA-
D13Mit76 Mice

5�HT
1A

31.5±2.7 (8) 19.4±2.7* (9) 25.9±2.6+ (9) F
2,22

=5.0 (p<0.05)

5�HT transporter 100.7±15.5 (7) 119.1±14.5 (8) 85.8±14.5 (8) F
2,20

=1.3 (p>0.05)

TPH�2 64.5±13.6 (7) 56.9±12.7 (8) 44.4±12.7 (8) F
2,20

<1 (p>0.05)

Note. The data are presented as the number of the studied genes mRNA copies per 100 copies of RNA polymerase 2 mRNA. Figures
in parentheses show the number of observations. *p<0.01 compared to AKR; +p<0.1 compared to CBA.

F(p)
AKR.CBA�D13Mit76CBAAKR

Strain
Gene/structure

No. 5), and project No. 10.11 of the Russian Aca-
demy of Sciences “Molecular and Cellular Biology”.
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