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Identification of genomic regions associated with tameness
using selective breeding of a novel outbred mouse stock
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Summary (Abstract) of doctoral thesis contents

Tameness is one of the major behavioral factors for animal domestication and especially it has
important role in the early stage of the domestication. Although tameness is difficult to define
completely, tameness could involve many factors such as anxiety, fear, and novelty seeking. It
has been proposed that tameness can be divided into two potential components, motivation to
approach humans (active tameness) and reluctance to avoid them (passive tameness). Several
studies on tameness in experimental condition indicated that tameness is affected by genetic
factors as well as environmental factors. In addition, many animals showing tameness suggesting
the genetic component underling tameness should be shared among different animal species, and
the number of causative major genetic factors could be a few. Identification of genetic factors
underling tameness contributes to understand how animals were domesticated, especially in the
initial stage of the domestication.

To identify the genetic region associated with tameness in mammalian species, | applied
selective breeding for active tameness, one aspect of tameness involves motivation to approach
humans, and followed by selection mapping using the mouse as a model organism. Given that the
prerequisite for successful selective breeding is high genetic variation in the target population, I
established and utilized a novel resource, wild-derived heterogeneous stock mice (WHS), from
eight wild strains. Phylogenetic analysis using 10 thousand single nucleotide polymorphism
(SNP) from the founder of the stock and other mouse stock suggested that the WHS could have
higher genetic diversity compared to other mice stock. | performed a selective breeding of the
WHS to increase the level of contacting which strongly associated with active tameness over
nine generations. As a result of selective breeding for two populations, | obtained high tame mice
in the both selected populations compared to the two control populations. Notably, both of
selected populations showed lower jumping behavior, which is one of the index of wildness, than
the control populations. The result suggests that the selective breeding for contacting could
decrease wildness of mouse. In addition, a significant negative correlation was found between
contacting and jumping within the control population. These findings imply that there are
pleiotropic effects of genetic variation associated with contacting, or the same behavioral
component was shared among contacting and jumping.

During the selective breeding, selective pressure on a particular genetic region, which
associated with tameness, should be occurred. Next | searched for such selected region. Here |
used selection mapping using a simulation based on the non-selection model and over 20
thousand SNPs. In the mapping method, I try to identify SNPs which have high allele frequency
with extremely low probabilities considering the random mating scheme. By applying the method,
I found a genomic signature of selection on the Chromosome 11 in one of the selected population,
although no signature was found in the other selected and two control populations. Following
association analysis between contacting and SNP genotype on the Chromosome 11 identified

two-closely linked loci associated with contacting and named as active tameness related (ATR)
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regions. These results indicated that the ATR regions should be associated with contacting as
well as active tameness in mice.

To study whether the ATR could have effect on tameness in other mammalian species, |
used comparative genetic analyses using rats, a species phylogenetically closed to mouse, and
dogs, one of the major domesticated animal showing tameness. To reveal whether or not the
ATRs overlap the homologous region of rat tameness QTL as well as the dog genomic regions
which are known to be regions selected during the dog domestication, | collected available data
from database and previous studies. As a result of the analysis for overlapping, | found an
overlap region (0.61Mb) within the ATR and it suggested that the region could be associated with
tameness in the mammalian species. | proposed that the region is a leading candidate region as a

major genetic factor underling tameness.
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