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Every day, parents take care of children and by doing so they promote
their children’s emotional wellbeing and the way their brains work.
Are you curious about how such parenting “superpowers” work?
It turns out that tiny chemical tags on people’'s DNA, known as
epigenetic markers, play a big role. These markers act like switches,
turning genes on or off, and they can be influenced by people’s
experiences. In this article, we focus on the effects of parents’
nurturing behavior on kids' epigenetic markers, which can pass
messages from the environment (the parenting kids receive) to kids'
genes, influencing gene function. Understanding how these markers
work can help people understand why they feel certain emotions
and behave in specific ways. Through this article, we aim to inspire
curiosity and understanding in young minds about the fascinating
interplay between experiences, genes, and emotions.
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DNA

A molecule in most
cells that contains
instructions for building
the body and keeping

it functioning.

GENES

Sections of DNA that
are each responsible
for a specific
characteristic

or function.

PROTEINS

Molecules produced
from genes, which are
used by the body for
many purposes,
including building
tissues, sending signals,
speeding up reactions,
and defending

against illnesses.

GENE EXPRESSION

The cellular process of
turning genes
into proteins.

EPIGENETICS

The study of changes in
gene activity that do
not change the DNA
sequence but are
caused by chemical
markers, affecting how
genes are turned on

or off.

EPIGENETIC
MARKERS

Molecules linked to
DNA that can cause
some genes to be more
or less expressed.

WELCOME TO THE GENETIC ORCHESTRA

Welcome to the fascinating realm of DNA (aka Deoxyribonucleic
acid), the small molecule in each of our cells where the secrets
of life are encoded. How did scientists unravel the mysteries of
this extraordinary molecule? Let us journey back to the mid-20th
century when a team of brilliant minds (James Watson, Francis Crick,
Rosalind Franklin, and many others) unlocked the enigma of DNA.
Their groundbreaking discoveries have revealed the true nature of
DNA, not like any molecule, but as the very essence of existence.

DNA contains vital information on how each part of our bodies should
work. Every specific piece of information is contained in portions of
the DNA called genes. Genes are made of a series of smaller units
called nucleotides. There are four unique nucleotides: adenine (A),
thymine (T), cytosine (C) and guanine (G), which are ordered in unique
sequences in every gene. Each gene can be used as instructions to
prepare one of the many proteins that the body uses for most of its
functions. The cellular process of turning genes into proteins is called
gene expression. If you like music, you can think of the nucleotides as
the notes on the staff. Similar to how sequences of nucleotides make
up different genes, musical notes can be combined to create different
melodies. Thus, DNA is like a collection of different melodies that
can be played together like an orchestra score, creating a functioning
human body.

Although all cells contain the same DNA, not all genes need to be
“turned on” in every cell all of the time. Differences in gene expression
are what give cells their unique functions. Genes can be used to create
proteins or left unused. This can be thought of like a musical score that
is played in different ways by the orchestra, silencing or highlighting
various melodies. Interestingly, science has revealed that things in the
world around us can impact our DNA, turning genes on or off.

REGULATING THE “MUSICAL SCORE"” OF DNA

So, if DNA is not just a static musical score, how can it be “played”
in different ways? Gene expression can be influenced by chemical
changes to the DNA called epigenetic mechanisms [1]. But how does
it work? Epigenetic mechanisms can change the structure of DNA,
turning genes on or off, like a switch. For example, adding a small
group of carbon and hydrogen molecules (called a methyl group) to
the DNA changes the shape of the molecule and basically “blocks”
nearby genes from being turned into proteins. So, depending on their
placement, methyl groups and other epigenetic markers can cause
some genes to be more expressed, producing more proteins, and
others to be less expressed, producing less proteins (Read more on
epigenetics here). Epigenetic mechanisms are like the conductor of
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the orchestra, telling each instrument when and how to play its melody
and transforming the musical score into a dynamic symphony.

Here is the really interesting part: while our DNA remains the same
throughout our lives, the genes that are expressed can vary based on
things in our surrounding physical and social worlds. The information
that comes from our environments (for example, how our parents take
care of us) and other experiences we have can leave their mark on our
“genetic melody”, shaping who we are and who we will become. It is
through the interplay between genetics and epigenetics what makes
each one of us unique.

WHAT MAKES A GOOD RAT MAMA?

Our work started with a question that might sound rather strange
at first: What makes a good rat mama? In the enchanting world
of rats, rat mothers use special behaviors when then take care of
their offspring. Imagine a rat mama gently licking her young ones,
grooming them with tender care, and arching her back to nurse them
affectionately—a set of caregiving behaviors called licking, grooming
and arched-back nursing (LG-ABN). These behaviors weave a cocoon
of love and warmth around the babies.

About 30 years ago, Canadian scientists embarked on an adventure
to understand the power of rat mamas’ behaviors [2]. Specifically,
they wondered whether the way a rat mama takes care of her
babies could leave a special mark on the pups’ DNA. To study this,
they observed rat mamas that showed different levels of LG-ABN
behaviors. Some mothers were very loving, showering their babies
with lots of care. Others were a bit more reserved, giving their babies
less attention.

They discovered that the pups of the very loving rat mamas, who
received lots of care and affectionate touch, had a specific set of
epigenetic markers on their DNA. In particular, genes related to stress
management had epigenetic markers that helped them produce more
proteins. In rats whose mothers were more reserved, these same
genes had epigenetic markers that led to the production of less of
those proteins (Figure 1). This finding indicates that rats who had
caring mothers may have an easier time dealing with any stressful
situations they experience in their own lives, while rats raised by
reserved mothers may have more trouble coping with or recovering
from stress. Overall, these results showed that the way a rat mama
takes care of her little ones can leave a lasting impression on their
DNA. It is as if her love and tenderness sculpted the way her babies
could respond to stressful situations and manage the ups and downs
of life. But does this also apply to humans?
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Figure 1

Variations in caregiving
behaviors in rats can
change the epigenetic
markers in their
offsprings’ DNA. (A) The
genes of pups raised by
mothers who display
nurturing caregiving
behaviors can be
expressed and produce
proteins. (B) In pups
raised by mothers who
display less nurturing
caregiving behaviors,
the same genes may
have epigenetic
markers that turn the
genes off, resulting in
less protein production
from those genes.

SOCIAL TOUCH

Physical contact
between individuals
that has an affectionate
and nurturing meaning.

A Epigenetic marker
enabling protein
synthesis

active gene expression

ACGCTAGCATGCATATCGCGACGCTATTACCGATAGC
TGCGATCGTACGTATAGCGCTGCGATAATGGCTATCG

B Epigenetic marker
inhibiting protein
synthesis

silenced gene expression

ACGCTAGCATGCATATCGCGACGCTATTACCGATAGC
TGCGATCGTACGTATAGCGCTGCGATAATGGCTATCG

Figure 1

PARENTAL CARE IS AN EPIGENETIC “SUPERPOWER"

Scientists have uncovered a similar connection between caregiving
and epigenetics in humans. Imagine a parent’s touch, a warm hug,
or a gentle caress acting as a protective “shield”, nurturing their
child’s development from the inside out. Just like the loving grooming
and nurturing behaviors of rat mamas, human caregiving behaviors,
especially social touch, leave a lasting imprint on a child’s DNA [3].
When parents shower their children with love, affection, and care,
they induce a cascade of epigenetic changes activating the expression
of protective genes. As in rats, some of the proteins made from
these activated genes improve the way the body responds to stressful
situations. Thus, parental care can result in an epigenetic “shield” that
can protect children from the storms of life, helping them to navigate
any rough times they face as they grow up. But the power of parental
care does not stop here! Some epigenetic changes caused by caring
parents support the development of the child’s brain, nurturing their
potential and helping them reach for the stars [4].

Such parental “superpowers” are even more important when infants
face greater challenges, such as babies born earlier than expected
who need special care in the hospital before they can go home. In
such cases there is an extra ingredient needed: skin-to-skin contact.
Studies have shown that the loving embrace called "kangaroo care”,
in which babies are held skin-to-skin against a parent’s chest, can
have powerful epigenetic effects, promoting healthy development and
enhancing the ability to bounce back from stress [5].
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LOVING PARENTS, HEALTHY KIDS

As our journey through the world of epigenetics comes to an end, let
us reflect on what we have learned. Like a music score, our DNA holds
the information needed for our existence. Epigenetics adds dynamic
and adaptable features to this “music’. Parents wield a remarkable
“superpower”: the power of caregiving. Through loving interactions
with their children, parents can help their kids successfully navigate
and recover from challenging times in their lives. Tender caregiving
behaviors like social touch and skin-to-skin contact allow parents to
imprint their children’'s DNA with the echoes of love and affection.
These epigenetic markers can regulate gene expression and activate a
“shield” that protects their children from life's storms and empowers
them to thrive in the face of adversity. In cities, countries, and
cultures around the world, parents have the power to release their full
epigenetic potential and to help shape and the development of their
infants and children, making each one of us different and special.
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YOUNG REVIEWERS

HENRY, AGE: 13

| love to draw and write, and | actually made and self-published my own book! | love
climbing and reading, also. Some of my favorite book series are “Arc of a Scythe” and
“Spy School”.

JANE, AGE: 13

I love to learn and work on interesting projects. | enjoy writing fantasy stories, being
outside, and spending time with friends. | love working with animals and hope to
become a zookeeper one day.

JINYI, AGE: 9

I am Jinyi, and | am nine and a half years old. | love doing crafts, and lately, | have
gotten into using Al to make presentations that bring my ideas to life. | hope to make
more friends along the way!
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