K %

AL (I 5y BF)

¥R F T

AL G- A AF

PN G DA

LG S H

i L A& A

HE 5

it (B 5)

b K H 1726 =5

VR 26429 H 29 H

Molecular Genetic Analysis of Mechanism for High Behavioral

Stress Responses in Wild—derived Mice

¥ & #Hi AHHE KR
Hix AHE R
HEZx by M
Bhd kW oEE
iz WEER LB AR




(GekR= 2)
(Separate Form 2)

XN AEDEE
Summary of thesis contents

Behavioral responses to stress are tightly associated with physiological reaction. It
is known that behavioral responses to stress have been decreased in domesticated
animals during the breeding process of domestication. In house mice (Mus musculus),
laboratory mice show lower behavioral responses to stress than wild mice given that
the laboratory mice are originated in domesticated mice. However, actual genetic and
molecular basis of the behavioral differences between laboratory and wild mice
remain to be clarified.

Anxiety is one of the stress responses in human by expecting danger or awful
situation in future. In animal models, anxiety-like behavior has been proposed as one
type of behavioral responses to stress which are similar to human’s anxiety responses.
Previously, our group revealed that chromosome 17 is responsible for high
anxiety-like behaviors using a panel of chromosome substitution (consomic) strains. A
consomic strain, B6-ChrN™*M (N indicates substituted chromosome number), is a
mouse strain which has same genetic background as a laboratory strain C57BL/6 (B6),
but only one of the chromosomes is replaced with the corresponding chromosome
from a Japanese wild strain MSM/Ms (MSM). Given that B6-Chr17M*M exhibits
higher anxiety-like behaviors comparing to B6, it is speculated that the behavioral
differences is caused by polymorphisms between B6 and MSM on the chromosome 17.
However, actual causal genetic factor of the increased anxiety-like behaviors of the
consomic strain had not been studied further from the chromosomal level. In order to
address to the mechanisms associated with difference in anxiety-like behaviors, I

decided to conduct genetic and molecular analysis using B6-Chr17"sM.
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In Part | of this article, | report on my study for positional cloning of the gene
related to the increased anxiety-like behaviors in B6-Chr17M*™ and on the results of
further molecular analysis of the gene. In order to conduct genetic analysis of
anxiety-like behaviors in an open-field, | developed a series of sub-consomic strains,
each of which carries partial segment of MSM-derived chromosome 17 from
B6-Chr17M3M. | mapped a genetic locus responsible for high anxiety-like behaviors in
a region between D17Mitl29 to the telomere end, the region is covered in
sub-consomic T103 strain. In order to map the genetic locus with fine resolution, I
developed further congenic strains from the sub-consomic T103 strain. | conducted
open-field test using these congenic strains, and mapped the region into about 2.6 Mb
segment at the distal part of chromosome 17, named as T116 locus. Given that a
causal gene of increased anxiety-like behaviors should be located in the T116 locus, I
searched for the possible candidate genes in the T116 locus from a mouse genome
database. |1 found only one protein-coding gene, which produce pituitary adenylate
cyclase-activating polypeptide (PACAP), in the T116 locus. PACAP is a neuropeptide
which increases stress responses in hypothalamus. These results indicated that PACAP
is a strong candidate for the increased anxiety-like behaviors of B6-Chr17MM,

PACAP has been implicated in anxiety-like behaviors that are decreased in PACAP
knockout mice and enhanced by administration of PACAP into hypothalamus. Based
on these previous reports, | characterized PACAP gene further at molecular level. |
revealed that there is no difference at the nucleotide sequence of the coding region in

PACAP gene between MSM and B6 alleles. In contrast, expression levels of PACAP

gene in hypothalamus are significantly higher in the congenic strains which have
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MSM allele than that of B6. These results indicated that the increased behavioral
responses to stress in the congenic strains might be caused by increased PACAP
expression.

In Part Il of this article, | report on results of my study on genetic polymorphisms
related to PACAP expression levels. In the sequence characterization of PACAP gene,
I found a microsatellite (TG dinucleotide repeat) marker, D17Mit123, which is highly
polymorphic among strains, in the non-coding region. It has been reported that some
of the TG repeats in 5'-UTR (untranslated region) act as enhancer or splicing regulator.
| investigated the molecular function of the TG repeat in PACAP expression using in
vivo and in vitro analyses. | found that long TG repeat length results in increased
PACAP expression and also decreased alternative splicing of 5'-untranslated exon 1B
in several mouse strains. These associations were further confirmed by luciferase
assays using PACAP minigenes containing B6-derived (TG)2¢ or MSM-derived (TG)a0
repeats. Interestingly, | found that the TG repeat lengths are clearly shorter in a group
of laboratory strains than a group of wild strains, suggesting the association of the
shorter TG repeat with domestication process. Taken together, | suggest that TG
repeats can regulate PACAP expression via activities of enhancer and splicing
regulator that might be associated with high behavioral responses to stress in wild

mice.
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