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Parental care is critical for offspring’s survival. Across mammalian species,
females exhibit extremely diverse parental care (maternal behaviors), generating
questions about how animals recognize their offspring and how brain circuits drive and
control maternal display of affection. Estrogen plays an essential role in onset of
parental behavior in females and exerts its actions through receptors. Estrogen
receptor 1 (ESR1) is one of the estrogen receptors (ERs) which is encoded
by Esrl gene. The expression of ESRI in hypothalamic medial preoptic area
(MPOA) determines the female parental behavior. ESRI1-KO female mice
showed reduced estrogen sensitivity and impairment in parental behavior, and
optogenetic inactivation of MPOA-ESR1 expressing cells impaired pup approach and
retrieval behavior in female. Previous studies implicated that Esrl/ gene
polymorphisms results in several behavioral changes like aggression, episodic
memory, anxiety, depression, obsessive-compulsive disorder and harsh maternal
parenting in humans. Even though, mice are widely used model species for studying
molecular and neural mechanism underlying parental behavior, none of the studies were
focused on effect of polymorphisms. In this study, I addressed how polymorphisms in
Esrl gene can affect parental behavior in female mice.

In the present study, Esr/ gene sequence of 18 mice strains (downloaded
from Mouse Genome Informatics database) was compared to check whether
there is any variation in the coding region. Initially, using multiple sequence
alignment tool, I identified a difference in length of GCC repeat region of exon
1 of Esrl gene between wild and laboratory strains. This GCC repeat region

was considered for further identification of polymorphisms. In the next stage



of my study, I have chosen one of the wild derived mice strains MSM/Ms (MSM;
found in Mishima, Japan) and commonly used laboratory strain C57BL/6J (B6)
for checking the variation in Esr/ GCC repeat region. These mice strains are
already reported to have a difference in their behavior, where MSM shows
higher aggression and social behavior when compared to B6. Specific primers
were designed and coding exon 1 sequence of Esr/ gene of MSM was compared
with B6 by performing the sequence analysis. A GCC repeat length
polymorphism (GCC; codes for alanine; AAA) which results in difference of
polyalanine repeat numbers was identified in exonic region of Esr/ gene in
MSM when compared to B6.

To analyze the role of this “GCC repeat length”, we developed
an Esr14974% mice in which the “9bp” sequence was deleted in B6 mice through
CRISPR/Cas9-mediated genome editing. Interestingly, females with
heterozygous deletion of “Obp” (Esrl 4?/*) showed more severe phenotype than
homozygous deletion (Esri4?/4?). The low pup (offspring) survival and
abnormal maternal behavior (reluctant to retrieve pups) was observed
in Esr14°* females. Other pup-directed behaviors like nursing were not
significantly changed between the genotypes. However, the other measurements like
crouching over and pup licking which involves active females’ involvement with pups
was observed to be lower in Esr/4?* females. Immuno-histochemical analysis of MPOA
region, showed lower number of ESR1 positive cells in Esr/4%* females when
compared with Esrl*/* and Esri14°4? females. As MPOA ESR1 positive cells
are the key mediators of pup approach and retrieval, abnormal maternal
behavior of EsrI4?/* females can be correlated to lower number of MPOA ESR1
positive cells. Upon pup exposure to females, the cFOS, a marker of neural
activity, was less expressed in MPOA of Esri*?* females than the Esrl*/* and

Esr149/1?% females. As Esr1*?" females showed less interaction with pups during the



pup exposure, cFOS expression was not increased in these females. Next, I also checked
the double-positive neurons with ESR1 and cFOS. I observed that the percentage of
double-positive neurons (ESR1 and cFOS) was lower in EsrI*?* females. As lower
ESR1 positive neurons were present in these females, the excitation also lower
compared to control group. Esrl 4°/* females showed higher Esr/ mRNA
expression and lower protein levels when compared to wild type control. These
results suggest that heterozygous deletion of 9bp in B6 genetic background
results in reduced pup retrieval in females. Altogether, this is the first study to

reports how Esrl genetic polymorphism affects maternal behavior in mice.
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