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Background information

Blood clotting

When a blood vessel is Red blood cells
Platelets '

damaged, bleeding must be
stopped.

* A complex cascade is
responsible for the cessation
of bleeding.

NS J

Clotting factor proteins

initiate clot formation
\

* A group of clotting factor Fibrin mesh Blood
proteins works together to clot
initiate the formation of a \—_‘
blood clot, which physically ‘
stops bleeding. .

* Blood clots are composed
of a mesh of fibrin protein,
red blood cells, and

platelets.

Background: Stop and think

Q1. What is the role of clotting factor proteins?
A. They help break down blood clots to prevent excessive clotting.
B. They are required for the formation of blood clots.
C. They transport oxygen throughout the bloodstream.
D. They regulate blood pressure by constricting blood vessels.

Hemophilia Genetics Lab: X-linked Inheritance
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Hemophilia A is caused by mutations in the F8 gene

characterized by excessive or prolonged bleeding.
* Most cases of hemophilia are hereditary and result from mutations in genes that

encode clotting factor proteins.

Defects in any of the clotting factor proteins cause hemophilia, a group of diseases

. Functional

’

P F8gene
ININDNXT
Functional
Factor VIl
protein

Unaffected
individual

o '

Normal clotting

\
e The F8 gene (“eff eight”) encodes the

essential clotting protein Factor VIII
(“factor eight™).

¢ A functional copy of the F8 gene is
required for production of Factor
VIl protein and normal blood clot
formation.

Background: Stop and think

Dysfunctional
Factor VIII

protein

Dysfunctional
F8gene

l

Individual with
hemophilia A

Slow clotting and
extended blood loss

~

Hemophilia A is caused by mutations
in the F8 gene that result in
dysfunctional or absent Factor VIII
protein.

Individuals with hemophilia A
experience delayed blood clotting
and prolonged bleeding.

Q2. Which of the following best explains the cause of hemophilia A?

A. A red blood cell deficiency.

B. A viral infection of the cardiovascular system.

C. A mutation in the F8 gene.
D. A buildup of platelets in the bloodstream.

Hemophilia Genetics Lab: X-linked Inheritance
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Inheritance of hemophilia A in XX individuals
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The F8 gene is located on the X chromosome, which means that hemophilia A is a A
sex-linked genetic disease.
e People with two X chromosomes (XX individuals) have two copies of the F8 gene, while
those with one X and one Y chromosome (XY) have only one copy.
* Hemophilia A follows an X-linked recessive inheritance pattern. Having a single copy of
a functional F8 gene is sufficient for normal blood clotting.
e There are three possible F8 genotypes in XX individuals.
J

Genotype: XFXF

X chromosome

Two copies Mm

functional

F8 allele (X¥) M

X chromosome

~

E Individuals with two

functional copies of
the F8 allele (XFXF) are
unaffected and have
normal blood clotting.
They can only pass
down the functional F8
allele to their offspring.

©
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Genotype: XFXf

X chromosome

Functional

F8 allele (X") m

Dysfunctional
F8 allele (Xf)

X chromosome

ndividuals with only
one dysfunctional

F8 allele (XFX") are
carriers. They have
normal blood clotting,
but can pass the
dysfunctional allele

down to their offspring.

~

Genotype: XXf

X chromosome

Two copies
dysfunctional
F8 allele (X)

X chromosome

n Individuals with

two copies of the
dysfunctional F8 allele
(XXM have hemophilia
A, and they will pass
down the defective
F8 allele to their
offspring.

~
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Inheritance of hemophilia A in XY individuals

e XY individuals have only one copy of the X chromosome and thus only carry one copy
of the F8 gene.
¢ This means there are only two possible F8 genotypes in XY individuals.

Genotype: XFY Genotype: XY

X chromosome X chromosome

s DO s

Y chromosome Y chromosome
XY individuals with a functional F8 allele XY individuals with a dysfunctional
(XFY) are unaffected because having a F8 allele (XfY) will have hemophilia A
single functional copy of the F8 gene is because they do not carry a functional
sufficient for normal clotting. copy of the F8 gene.

autosomes and are numbered 1 through 22. Humans
typically inherit one of each autosome from each parent

9 10 n 12 13 14 15 16
The 23 pair of choromosomes is known as ii ii ii ii
sex chromosomes. The combination of sex

chromosomes determines a person’s biological sex.

17 18 19 20 21 22 X Y
Females usually have two X chromosomes, while males ii ii ': " i‘ “ i i

1 2 3 4 5 6 7 8
Human chromosomes ii ii
Human have 23 pairs of chromosomes. Of those, 22 are

have one X and one Y.
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Q3. A couple is expecting their first biological child. The

Q4.

Background: Stop and think

© e 0000000000000 00000000000 000 00

father has hemophilia A. The mother underwent
genetic testing, and it was determined that she is
not a carrier.

A.

C.

D.

A different couple is expecting their first biological
child. The mother has hemophilia A, while the father

What are the parents’ genotypes? Use the
symbols XF, Xf, and V.

Mother:

Father:

Fill out the Punnett square representing this
Cross.

What is the probability that their child will be a
carrier for the hemophilia A mutation?

What is the probability that their child will have hemophilia A?

does not.

A.

What are the parents’ genotypes?
Mother:
Father:

Fill out the Punnett square representing this
Cross.

What is the probability that their XX offspring
will be carriers for the hemophilia A mutation?

What is the probability that their XX offspring
will have hemophilia A?

What is the probability that their XY offspring
will be carriers for the hemophilia A mutation?

What is the probability that their XY offspring
will have hemophilia A?

Hemophilia Genetics Lab: X-linked Inheritance
Version: 1.1. Release: December 2025. © 2025 by miniPCR bio™
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Today’s lab

Meet the family

James Bianca

~

* You are a doctor treating baby Andrew,
a newborn boy whom you have recently
diagnosed with hemophilia A.

¢ Genetic testing has revealed that baby
Andrew carries an approximately 300 base
pair (bp) deletion mutation in the F8 gene
that removes an essential portion of the
Factor VIII protein.

J

~

Baby Andrew’s biological parents and two
older sisters do not have hemophilia.
¢ However, you suspect Andrew inherited

. . , Carina Baby Daphne
the mutation from his mother, who is Andrew

likely a carrier.

NS J

Your goal: Determine if Andrew’s female family members also carry the 300 bp F8 deletion
mutation.
You will test:

¢ Baby Andrew

¢ Bianca, Andrew’s mother

e Carina, Andrew’s sister

* Daphne, Andrew’s other sister

Living with hemophilia A

Hemophilia is typically first diagnosed through blood tests that measure clotting time and assess the
presence and activity of clotting factor proteins. Depending on how much functional clotting factor is
produced, hemophilia can range from mild to severe.

Hemophilia is usually treated by replacing the missing or dysfunctional clotting factors. With proper
treatment, even patients with severe hemophilia can have a normal lifespan.

Genetic testing can identify the specific mutation underlying a patient’s hemophilia, helping to guide
personalized treatment. Over a thousand mutations in the F8 gene are known to cause hemophilia A, and
some are associated with an increased risk of side effects from clotting factor replacement therapy.

Hemophilia Genetics Lab: X-linked Inheritance
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DNA testing

¢ DNA testing involves several steps.
e The following procedure will determine if Andrew’s female family members are carriers
for the same F8 mutation as baby Andrew.

F8 gene

DO

IXIDXT
DD —
Blood DNA Copies of portion Determine if F8
sample of F8 gene mutation is present

DNA collection Polymerase chain reaction Gel electrophoresis

) ) )
A blood or tissue Next, a technique You will perform the
sample is taken from called PCR makes last step of the DNA
each patient. DNA is billions of copies test to determine if
then collected from of the F8 gene for the mutated F8 allele
the sample. analysis. is present.

J J J
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Interpreting gel electrophoresis results

\ Functional F8 allele (700 bp)
¢ Recall that we already know that Andrew carries a

deletion of approximately 300 bp in the F8 gene. “' 'l”l' '”“' I”Ill (”'
e In this experiment, a 700 bp PCR product corresponds /
to the functional F8 allele and a 400 bp product

corresponds to the mutated F8 allele that Andrew has.
* You will use gel electrophoresis to interpret the

experimental results. Gel electrophoresis separates Dysfunctional
pieces of DNA by size on an agarose gel. At the end of F8 allele (400 bp)

a gel electrophoresis experiment, smaller pieces of DNA
will have traveled farther through the gel.

N J
Baby
Andrew  Unaffected Carrier
Ladder XY XFXF XFXF ,
/" Functional F8allele (XF)
Ba.se [ ] [ ] [ ] [ ] ," 700 bp
pairs J
/ Xl
1,200  — ; POOE ¢
///’ //k-/ﬁl— \\\/ '{\l\ry\\\\\J
—— < Y
700 e %_/7
500 —_— o
300 — N Dysfunctional F8allele (X7
\ 400 bp
200 — .
100 —

© - o O \

We already know that Andrew’s female Other female relatives of
Andrew’s genotype relatives could carry Andrew’s might be carriers
is XfY, and that his F8 two copies of the of the deletion mutation
gene carries a deletion. functional F8 allele (XFXM).

* In this experiment, (XFXF). e Carriers will have two
Andrew will show a e Such females will show bands: the 700 bp band
single 400 bp band on a single 700 bp band corresponding to the
the gel, corresponding on the gel because all functional F8 allele, and the
to the dysfunctional of their F8 DNA is the 400 bp band corresponding
F8allele. same length. to the dysfunctional F8 allele.

NS J NS J NS J

Hemophilia Genetics Lab: X-linked Inheritance
Version: 1.1. Release: December 2025. © 2025 by miniPCR bio™ P./19



Min.i pcr m® Student guide

Background: Stop and think

© e 0000000000000 00000000000 000 00

Q5. Why is gel electrophoresis a good tool for identifying the specific F8 mutation that baby
Andrew carries?
A. Because gel electrophoresis allows you to make copies of the F8 gene.
B. Because gel electrophoresis allows you to extract the DNA from cells.
C. Because Andrew’s F8 allele is shorter than a functional F8 allele.
D. Because humans all have two copies of the F8 gene.

Q6. We know that Andrew’s older sisters, Carina and Daphne, do not have hemophilia. Knowing
this, what are their possible F8 genotype(s)? Select all that apply.
A. XFXF

b“’}
B. XXt \?’b 1 2 3
C. XfXf
Base | ] [ ] [ ] | ]
pairs
Q7. Which lane(s) on the gel match the
possible genotypes for Andrew’s sisters? 1.200 —
Select all that apply.
A_ Lahe] 700 CEEEEEEEEED G G
B. Lane 2 500
C. Lane 3
200 ——
100 —
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Glossary

Clotting factor proteins: A group of proteins in the blood that are required for blood clot formation.

Blood clot: A mesh of fibrin protein, red blood cells, and platelets that forms at the site of a blood
vessel injury to stop bleeding.

Fibrin protein: A protein that forms a mesh and serves as the major structural component of a blood
clot.

Red blood cell: A type of blood cell that delivers oxygen to cells throughout the body. Red blood
cells play a passive role in the clotting process, mainly getting trapped in the fibrin mesh and adding
structural stability to the clot.

Platelet: A small cell fragment in the blood that helps with clotting. When a blood vessel is injured,
platelets clump together to form a temporary plug, which is reinforced by the formation of a blood

clot.

Hemophilia: A group of disorders in which blood doesn’t clot properly because of low levels of
functional clotting factor proteins.

Mutation: A change or variation in the DNA sequence. Mutations can have beneficial, neutral, or
harmful effects.

F8 gene: The gene on the X chromosome that encodes the clotting factor protein Factor VIII.
Mutations in the F8 gene cause hemophilia A.

Factor VIII: One of the clotting factor proteins required for blood clot formation. Deficiencies in
Factor VIII protein cause hemophilia A.

Hemophilia A: The most common form of hemophilia. Hemophilia A is caused by mutations in the
F8 gene, which encodes the clotting factor protein VIII. Because the F8 gene is located on the X
chromosome, hemophilia A is a sex-linked genetic disorder.

X chromosome: One of the two chromosomes involved in sex determination in humans.

Sex-linked: Characteristics or traits that are influenced by genes located on the sex chromosomes.

Hemophilia Genetics Lab: X-linked Inheritance
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X-linked recessive inheritance: An inheritance pattern for genes located on the X chromosome.
Because XY individuals only have one copy of the X chromosome, they will display the associated
recessive trait if they inherit a mutated allele. As XX individuals have two copies of the X
chromosome, they must inherit two copies of a mutated allele to show the associated recessive trait.

Genotype: An organism’s genetic makeup. For a specific gene, an organism’s genotype is usually a
pair of alleles, one inherited from each biological parent.

Allele: One of two or more alternative versions of the same gene. Different alleles of the same gene
differ in their DNA sequence.

Carrier: An individual with one copy of the recessive allele and one copy of the dominant allele for a
disease-causing gene that follows a recessive inheritance pattern. XY individuals cannot be carriers
of an X-linked recessive trait because they only have one X chromosome.

Autosome: Any chromosome that is not a sex chromosome (X or Y). Humans have 22 pairs of
autosomes.

Sex chromosome: One of the two chromosomes involved in sex determination. In humans, the sex
chromosomes are X and Y.

Deletion mutation: A type of mutation that involves the loss of one or more nucleotides from a
sequence of DNA.,

Polymerase Chain Reaction (PCR): A technique used to make multiple copies of a specific DNA
segment for further study. For more detailed information on PCR, refer to https:/www.minipcr.com/
polymerase-chain-reaction/.

Gel electrophoresis: A method that separates pieces of DNA by length. For more detailed
information on electrophoresis, refer to https:/www.minipcr.com/gel-electrophoresis/.

Agarose gel: A type of gel commonly used in gel electrophoresis. At the microscopic level, the
inside of an agarose gel resembles a web or fine mesh. Small molecules can move through the holes
with relative ease, while larger molecules are slowed down. This allows for the separation of DNA
molecules based on size.

Hemophilia Genetics Lab: X-linked Inheritance
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Student lab protocol

@ Protective gloves and eyewear should be worn for the entirety of this experiment.

1. Place the prepared gel into the electrophoresis

chamber. Detailed operating
instructions for miniPCR

2. Add enough electrophoresis buffer to fill the electrophoresis systems

chamber and just cover the gel.

* You will need 30 ml of TBE buffer for
a blueGel™ or Bandit™ electrophoresis
system. Do not overfill the chamber.

e [If using another electrophoresis system,
refer to the manufacturer’s instructions for
the recommended buffer type and volume.

blueGel
https://links.minipcr.com/blueGelRun

3. Use a micropipette to load samples in the
following order. To prevent contamination, use
a new tip for each sample.
* Well 1: 10 pyl Fast DNA Ladder 1 (tube L)
* Well 2: 10 pl Andrew DNA (tube A)
*  Well 3: 10 ul Bianca DNA (tube B) Bandit
* Well 4:10 pl Carina DNA (tube C)
e Well 5: 10 pyl Daphne DNA (tube D)

https://links.minipcr.com/BanditViewit

4. Run the gel for 15-20 minutes.
* The blueGel™ and Bandit™ electrophoresis systems run at a fixed voltage.
¢ |f using another gel electrophoresis system, set the voltage in the 70-90 V range.

5. To visualize the DNA samples, turn on the blue light in your electrophoresis system, or move
the gel to a transilluminator.

* The blueGel electrophoresis system has an integrated blue light Fast DNA
transilluminator. Ladder1  bp
1,200
6. If needed, continue to run the gel until there is sufficient separation
between the ladder bands in the 500-1,200 bp range to interpret 700
the results. 500
300
7. If desired, take a photo to document the results. 200
100

8. Compare the bands from the DNA samples to the DNA ladder to obtain
size estimates.


https://links.minipcr.com/blueGelRun
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Post-lab questions

Interpreting results L A B C D

1. Use the schematic gel on the right to draw
what your results look like. For each sample,
draw the bands that you see on your actual
gel.

2. Label the bands with an approximate size (in
base pairs). Use the image of the ladder from
page 23 to help you.

3. Use your gel electrophoresis results to complete the table below.
¢ Use checkmarks to record the gel electrophoresis results in the first two rows of the table.
¢ Use the results to determine each person’s genotype and genetic diagnosis, and record that
in the third and fourth rows of the table.

Bianca Carina Daphne
Andrew . .
(mother) (sister) (sister)

Functional F8 (X%)
700 bp

Dysfunctional F8 (Xf)
400 bp

Genotype

Genetic diagnosis
(Unaffected, Carrier,
or Hemophilia A)
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Bianca
Critical thinking

4. Recall that James is unaffected by hemophilia, and
you determined Bianca’s genotype above. Imagine
Bianca and James have a fourth child.

A. Fill out the Punnett square to show this cross.

B. What is the chance their child will carry only the
functional F8 allele?

James

C. What is the probability that their child will be a
carrier?

D. What is the chance that their child will have
hemophilia A?

Continued on the next page.

Hemophilia Genetics Lab: X-linked Inheritance
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Advanced questions

5. Use your experimental results to fill in the pedigree chart for baby Andrew’s immediate female
family members. Andrew and James have been filled in for you as an example.

For Bianca, Carina, and Daphne (indicated with dashed red circles):

A. Record their genotype.
B. If appropriate, shade their shape to track the presence of the dysfunctional F8 allele. See the

key below the pedigree for more information.

7’ ~
' Y
] T
s - -
Bianca James
Genotype: Genotype: xFy
’ l ~ , - N I
! M [] 1
‘\ - /' ‘s - ¢I
Carina Daphne Andrew
Genotype: Genotype: Genotype: xfy
Unaffected Carrier Hemophilia A

female female female

Unaffected Hemophilia A
male male
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6. Following Andrew’s hemophilia diagnosis, several members of his extended family underwent
genetic testing to determine if they were carriers for the deletion mutation in the F8 gene
found in Andrew and other members of his immediate family. Most of the pedigree has already
been completed, except for the individuals with red outlines.

For Elena, Francesca, and Gabrielle (indicated with dashed red circles):

A. Record their genotype. For some individuals, you might not be able to determine their
genotype conclusively based on the pedigree alone. In those cases, list all possible genotypes.

B. If appropriate, shade their shape to track the presence of the dysfunctional F8 allele. See the
key below the pedigree for more information.

P ~
1 \
\ )
s -~ -
Elena xFy
Genotype:
’ 'J' ~
O
1 ]
s - - ’
xFy Francesca xFxF Bianca (bab5'/: Afndrew’s mother)
Genotype: Genotype: X' X
e |
, A Y
1 1
\ 1
~ -7
XFY Gabrielle XfY XFY
Genotype:
xFy  xFy

O O O

Unaffected Carrier Hemophilia A
female female female

Unaffected Hemophilia A
male male
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CER table

Fill in the table based on your results from the lab. Refer to the rubric on the next page.

Question:

Which among Andrew’s female relatives is a carrier for hemophilia A?

Claim

Make a clear statement that
answers the above question.

Evidence

Provide data from the lab
that supports your claim.

Reasoning

Explain clearly why the data you
presented supports your claim.
Include the underlying scientific
principles that link your evidence
to your claim.
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CLAIM

A statement

that answers the
original question/
problem.

EVIDENCE
Data from the
experiment that
supports the
claim.

Data must be
relevant and
sufficient to
support the
claim.

REASONING
Explain why
your evidence
supports your
claim. This must
include scientific
principles/
knowledge that
you have about
the topic to
show why the
data counts as
evidence.

Makes a clear,
accurate, and
complete claim.

All of the evidence
presented is
relevant and
sufficient to
support the claim.

Provides reasoning
that clearly links
the evidence to
the claim. Relevant
scientific principles
are well integrated
in the reasoning.

Makes an accurate
and complete claim.

Provides evidence
that is relevant and
sufficient to support
the claim. May
include some non-
relevant evidence.

Provides reasoning
that links the
evidence to the
claim. Relevant
scientific principles
are discussed.

Makes an accurate
but incomplete or
vague claim.

Provides relevant
but insufficient
evidence to support
the claim. May
include some non-
relevant evidence.

Provides reasoning
that links the
evidence to the
claim, but does not
include relevant
scientific principles
or uses them
incorrectly.

Makes a claim that is
inaccurate.

Only provides
evidence that does
not support claim.

Provides reasoning
that does not link
the evidence to
the claim. Does not
include relevant
scientific principles
or uses them
incorrectly.

We recommend that teachers use the following scale when assessing this assignment using the rubric.
Teachers should feel free to adjust this scale to their expectations.

Rubric score 3 4 5 6 7 8 9 10 n 12

Equivalent Grade 55 60 65 70 75 80 85 90 95 100

Hemophilia Genetics Lab: X-linked Inheritance

Version: 1.1. Release: December 2025. © 2025 by miniPCR bio™ P./29





