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We have over 20,000 genes in our bodies, and each gene performs a very specific job. Some
genes determine our hair color or our height, while other genes control how our bones and
organs form and function.

Most of our genes come in pairs; we get one from our mom and one from our dad. Typically
both copies from the pair are functional, but we all have genes that are not working how
they should. In fact, scientists estimate that we each have approximately 20 non-working
genes! This usually doesn’t cause a problem because there are two, so there’s a built-in
backup system; if one gene doesn’t work the other one takes over. However, this is not true
for all genes. There are many conditions where if one gene of the pair is not working, the
other one cannot make up for it and it can cause a genetic disease.

While we usually have two copies of each chromosome, and therefore two copies of each
gene, there is one considerable exception: our sex chromosomes.

Our 23rd pair of chromosomes are called the sex chromosomes. Women generally have two
‘X’ chromosomes (and therefore, 2 copies of all of the genes on the X chromosome) and men
have one ‘X’ chromosome and one ‘Y’ chromosome (and therefore, only one copy of the

genes on the X’ chromosome). This is helpful to know as we talk about X-linked inheritance.

X-linked simply means that the gene involved in these genetic conditions is found
somewhere on the X chromosome. X-linked conditions are passed down in two ways: X-
linked dominant or X-linked recessive.

X-linked dominant means that one broken copy of a gene on the X chromosome is enough to
cause the genetic condition. Men only have one copy of their X chromosome, and therefore
only one copy of all the genes that are on the X chromosome. If they inherit an X-linked
dominant condition, they will be affected. There are several X-linked dominant genetic
conditions that can be lethal to male pregnancies. For women with X-linked dominant
conditions, they have one broken copy of the gene and one working copy of the gene.
However, since only one broken copy of the gene is enough to cause the genetic condition,
women who inherit a non-working gene for X-linked dominant conditions often also show
symptoms (their backup working copy of the gene on the other X chromosome is not enough
to make up for the broken copy).

X-linked recessive means different things for men and women. Women have two X
chromosomes, so if they inherit a X-linked recessive condition they usually have a working
back-up copy of the gene on their other X chromosome (and are called carriers). Because of
this, often times women who are carriers for X-linked recessive conditions do not show any
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symptoms, although there are exceptions to this. Women who are carriers for X-linked
recessive conditions and show symptoms usually have much more mild symptoms than are
found in men. Women generally would need to have inherited non-working genes from both
parents to be affected with an X-linked recessive condition.

Men, however, only have the one X chromosome. If a gene on their X chromosome is not
working, they do not have another X chromosome to provide a back-up (instead of a second
X chromosome, they have a Y chromosome). Therefore, if an X-linked recessive gene is
passed down to a male, they will be affected with that genetic condition.

How does an X-linked condition look in a family?

X-linked conditions can be confusing in terms of how they are passed on and who gets the
condition within the family. This is due in part because men have one X chromosome and
women have two X chromosomes, but also because the chances for children to inherit X-
linked conditions depends on which parent has the non-working copy of the X-linked gene:
mom, dad, or it could be both!

Sometimes X-linked genetic conditions do not fit perfectly into either X-linked dominant or
X-linked recessive. There are many other factors that can influence how these genetic
conditions show up in a family, but these are some good general rules. Here are some
scenarios that can help to further understand X-linked inheritance:

Scenario 1 (X-linked recessive): Dad has condition, Mom doesn’t

A man and his wife come in to their doctor. The man tells his doctor that he was previously
found to have an X-linked recessive genetic condition called Superman syndrome, but his
wife was found not to be a carrier for it, and they have questions about what this means for
their plans to have kids.

What we know:

e Because the man has Superman syndrome, and we know it is X-linked recessive, we
know that his one and only copy of the Superman gene (which is on the X
chromosome) is not working

e Because the woman is not a carrier, both of her Superman genes (remember: she has
two because she has two X chromosomes) are working

© 2018 GSF Patient Library | 2



Foundation

rj
J X-linked

What does this mean for their children?

» The chances to have a child who also has Superman syndrome depends on whether
that child is a boy or a girl
e The man will always pass down his Y chromosome to his male children, so none of his
sons will be affected with Superman syndrome
o Men have one X chromosome and one Y chromosome, while women have two X
chromosomes
o Women always pass down an X chromosome; if the man passes down his X
chromosome, the baby will be female; if the man passes down his Y chromosome,
the baby will be male
» The man will always pass an X chromosome with a non-working Superman gene down
to his daughters, because that is the only X chromosome he has; so, all of his
daughters will be carriers for Superman syndrome
o Carriers for X-linked recessive conditions have one gene on their X chromosome
that is working and the same gene on the other X chromosome that is not
working
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X-Linked Recessive Inheritance
Father has the Condition

DAD HAS I MOM DOES NOT
THE CONDITION HAVE THE CONDITION
II R XCHROMOSOME WITH
XY XX WORKING GENE

¥ XCHROMOSOME WITH
NON-WORKING GENE

XY XY P X XK

N

ALL SONS DO NOT HAVE THE CONDITION ALL DAUGHTERS ARE CARRIERS BUT DO NOT HAVE THE CONDITION*

*THERE ARE EXCEPTIONS TO THIS. 50OME FEMALE CARRIERS OF X-LINKED RECESSIVE
CONDITIONS MAY HAVE SYMPTOMS. ONE EXAMPLE OF THIS IS FRAGILE X SYNDROME

Click the chart to view in full-screen.

Scenario 2 (X-linked recessive): Mom is a carrier, Dad doesn’t have the condition

The daughter of our patient above comes into her doctor and tells him that her father had
Superman syndrome, and that she was tested and confirmed that she is a carrier. Her
partner was tested and does not have Superman syndrome, but they have questions about

what this means for their plans to have childen.
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What we know:

e Because the woman is a carrier for Superman syndrome, we know she has one broken
copy of the Superman gene (on one of her X chromosomes) and a working copy of the
other Superman gene (on her other X chromosome)

e Because the man does not have Superman syndrome, we know that his one and only
Superman gene is working

What does this mean for their children?

» The chances to have a child who also has Superman syndrome depends on whether
that child is a boy or a girl

» The woman has a 50% chance to pass down the X chromosome that has the working
Superman gene, and a 50% chance to pass down the X chromosome that has the non-
working Superman gene to each child

» The man has a 50% chance to pass down his X chromosome (that has a working copy
of the Superman gene and produces a daughter), and a 50% chance to pass down his Y
chromosome (that doesn’t have a Superman gene and produces a son)

» There are four different possibilities; each of these possibilities has a 25% (or 1 in 4)
chance of happening:

o The woman passes the working copy of the Superman gene down, and the man
passes down the X chromosome, giving them a girl that does not have Superman
syndrome and is not a carrier for Superman syndrome

o The woman passes the working copy of the Superman gene down, and the man
passes down the Y chromosome, giving them a boy that does not have Superman
syndrome

o The woman passes the non-working copy of the Superman gene down and the
man passes down the X chromosome, giving them a girl that does not have
Superman syndrome but is a carrier for Superman syndrome

o The woman passes the non-working copy of the Superman gene down and the
man passes down the Y chromosome, giving them a boy that has Superman
syndrome
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X-Linked Recessive Inheritance
Mother is a Carrier of the Condition
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DAD DOES NOT ' ‘ l \ MOM IS A CARRIER
HAVE THE CONDITION ll (NO CONDITION)

A X CHROMOSOME WITH
XY XX WORKING GENE

¥ XCHROMOSOME WITH
NON-WORKING GENE

XY XY X X X X

1 A A

BOY DOES NOT BOY HAS GIRL DOES NOT HAVE GIRL IS CARRIER
HAVE CONDITION CONDITION CONDITION (NOT CARRIER)  (NO CONDITION)
50% OF SONS DON'T 50% OF SONS HAVE
HAVE THE CONDITION ALL DAUGHTERS DON'T HAVE THE CONDITION

Click the chart to view in full-screen.
Scenario 3 (X-linked dominant): Dad has the condition, Mom does not

A friend of our couple above comes into his doctor because he found out that he has Batman
disease, which is X-linked dominant. His wife has been tested and does not have Batman
disease. They are concerned about the chances to pass on Batman disease to their future
children.
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What we know:

» Because the man has Batman disease, and we know it is X-linked dominant, we know
that his one and only copy of the Batman gene (which is on the X chromosome) is not

working
* Because the woman does not have Batman disease, we know that both of her Batman

genes (one on each of her X chromosomes) are working
What does this mean for their children?

» Because both of the woman’s Batman genes work, there is a 100% chance that she will
pass down a copy of a working Batman gene to any children they have

» The man has a 50% chance to pass down his Y chromosome to a child, which would
give them a boy that does not have Batman disease

e The man has a 50% chance to pass down his X chromosome (which carries his broken
Batman gene), which would give them a girl who does have Batman disease

» Given the inheritance pattern of this condition, this couple would have no chance to
have a son with Batman disease. However, 100% of their daughters will have Batman

disease.
Scenario 4 (X-linked dominant): Mom has the condition, Dad does not

The sister of the dad in the couple above comes into her doctor because she found out that
she also has Batman disease, which is X-linked dominant. Her husband does not have
Batman disease. They are concerned about the chances to pass on Batman disease to their

future children.
What we know:

» Because the woman has Batman disease, and we know it is X-linked dominant, we
know that she has one X chromosome with a working Batman gene, while her other X
chromosome has a non-working Batman gene

» Because the man does not have Batman disease, we know that he has a working copy
of the Batman gene on his only X chromosome. His Y chromosome does not have the

Batman gene on it.
What does this mean for their children?

» Because one of the woman’s Batman genes work and one doesn’t, there is a 50%
chance that she will pass down a copy of a working Batman gene to any children they
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have, and a 50% chance to pass down a non-working copy of the Batman gene.

» Because the man does not have Batman disease, we know that if he has a daughter, he
will pass down his X chromosome that has a working Batman gene. Because the
Batman gene is X-linked, if the man has a son, he will pass down his Y chromosome,
which does not have the Batman gene on it.

 Thus, each pregnancy for this couple will have a 50% chance to have Batman disease.

Related Articles

e Autosomal Dominant
We have over 20,000 genes in our bodies, and each gene performs a very specific job.
Some genes determine our hair color or our height, while other genes control how our
bones and organs form and function. Typically both copies from the pair are
functional, but we all have genes...

» Autosomal Recessive
We have over 20,000 genes in our bodies, and each gene performs a very specific job.
Some genes determine our hair color or our height, while other genes control how our
bones and organs form and function. Typically both copies from the pair are
functional, but we all have genes...

e Mitochondrial
Our cells have many different parts, and each one performs a very important function.
The mitochondria is the energy, or power source, for the cell, and is what keeps the
cells going and the body functioning how it should. The mitochondria have their own
set of DNA. The DNA in...

o Multifactorial
Many of the most common health conditions, such as heart disease and stroke, are
considered to be multifactorial. This means that there are many things that determine
whether or not someone will develop that specific medical condition. Diabetes, for
example, is likely caused by a mixture of genetics, lifestyle choices,...

 Inheritance Patterns
Genetic, or hereditary, conditions can be passed down in a family in many different
ways: Autosomal Dominant Autosomal Recessive X-Linked Mitochondrial
Multifactorial

e Family History
When it comes to genetics, it's not all about you; your entire family's health history is
important. There are many health conditions where someone's risk to also develop that
condition is determined by their family history. Because of this, it is important to try to
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gather as much information about...

» Why Genetic Counseling?
If you or someone in your family is considering genetic testing, you are wondering if a
certain health condition could run in your family, if you are pregnant and interested in
learning more about genetic testing options during pregnancy, or if you have a
personal or family history of cancer,...

e Genetic Testing
Genetic testing is a rapidly changing area of medicine, and whether or not to undergo
genetic testing may not be an easy or straightforward decision. Even if you have
already undergone genetic testing, the results may often be confusing to interpret. A
genetic counselor is a medical professional that can...
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