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At a glance

Lab overview
Determine which family members carry a mutation that causes hemophilia.
In this lab, students use gel electrophoresis to test family members for an X-linked mutation that

causes hemophilia. Explore how genetic testing can be used to diagnose genetic diseases and track
inheritance through pedigree analysis.

TECHNIQUES TOPICS GRADE LEVEL

Micropipetting Human genetics General high school

Gel electrophoresis Biomedical science Advanced high school
Non-Mendelian inheritance College

Planning your time

SINGLE CLASS: 45 MIN.

See the next page for detailed class time requirements

Gel
electrophoresis

Teacher prep
(30 min.)

Interpret
results

See page 7 for details. We
recommend that the teacher
prepare the gels and dispense the
DNA samples before class.

Technical support

If you have any questions about implementing this activity, contact support@minipcr.com.



mailto:support%40minipcr.com?subject=

Class time requirements

Steps Time required

Prep Make gels We recommend the teacher prepare the gels outside of class (see page
9). Allot 30 minutes of class time if you opt to have students prepare
the gels.

1 Load gel 10 minutes

2 Run gel 15-20 minutes
The gel does not need to be actively monitored during this time.

3 Interpret results 5 minutes




Materials needed

Supplied in kit (KT-1512-01)

* Kit contains DNA samples for eight lab groups.

* If kept in the freezer, reagents can be stored for 12 months after receipt. If kept in the
refrigerator, reagents can be stored for 6 months after receipt.

* Reagents for preparing gels, plastic tubes for distributing samples to individual groups, and
pipette tips are sold separately. Refer to the section below for details.

Contents Provided Required per group Storage

Simulated patient DNA 150 pl each 15 pl each Freezer
samples

* Andrew DNA

* Bianca DNA

« Carina DNA

¢ Daphne DNA

Fast DNA Ladder 1 150 pl 15 i Freezer

Electrophoresis reagents and plastics sold separately

e This lab requires 2% agarose gels with a fluorescent DNA stain (e.g., SeeGreen™ or GelGreen®)
and plastic tubes to distribute reagents to individual groups.

e The Learning Lab Companion Kit (KT-1510-01) provides sufficient reagents to prepare and run
eight gels when using the blueGel or Bandit electrophoresis systems, as well as plastic tubes to
distribute samples to student groups.

« Alternatively, bulk electrophoresis reagents and plastics (tubes, pipette tips) are available for

purchase from miniPCR bio.
e Gel electrophoresis reagents and plastics can also be purchased from other suppliers.

Hemophilia Genetics Lab: X-linked Inheritance
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https://www.minipcr.com/product/lab-companion-kit/
https://www.minipcr.com/product-category/reagents/gel-electrophoresis-reagents/
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Required equipment

* This lab is compatible with any horizontal gel electrophoresis system in combination with:
- A fluorescent DNA stain (e.g., SeeGreen™ or GelGreen®).
- A transilluminator that is compatible with the DNA stain used. Fluorescent DNA stains
typically require blue light (=470 nm) or UV (260 nm) illumination.
* The table below outlines gel electrophoresis equipment from miniPCR bio that meets these
requirements.

Item Recommended quantity

Gel electrophoresis and visualization system
Option 1: blueGel™ OR GELATO™ electrophoresis 1 blueGel can be shared by two groups

=
8 systems with integrated blue light transilluminator 1 GELATO can be shared by four groups
o
g Option 2: Bandit™ STEM Electrophoresis Kit paired 1 Bandit + 1 Viewit per group
z with the Viewit™ [llumination Kit
=
P Option 3: Bandit™ STEM Electrophoresis Kit paired 1 Bandit per group + 1 blueBox for the class to share
Y with a blueBox™ blue light transilluminator
o
<
=
; Micropipettes and tips
< 2-20 pl adjustable or 10 i fixed volume 1 pipette per group
2-20 pl adjustable 1 pipette for teacher prep

Other materials supplied by user

e Distilled water » Disposable laboratory gloves
e Microwave or hot plate * Protective eyewear
¢ Heat-resistant flask or beaker e Fine-tipped permanent marker

Hemophilia Genetics Lab: X-linked Inheritance
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https://www.minipcr.com/products/bluegel/
https://www.minipcr.com/minipcr-gelato/
https://www.minipcr.com/products/bandit/
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Teacher prep

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

Overview

The table below provides an overview of the teacher prep, and the subsequent pages provide

detailed instructions.

Prep

Time required

Timeline

Dispense reagents

Prepare electrophoresis
buffer and agarose gels

10 minutes

20 minutes

Can be completed up to one week before use.

Varies. If using gel reagents from miniPCR, gels can be
prepared and stored for up to five days before use.




Dispense reagents

« DNA samples can be dispensed up to one week in advance and stored in the refrigerator until

use.

e This kit provides sufficient reagents for eight lab groups.

Materials needed
From the lab kit (stored in the freezer):
e Andrew DNA
¢ Bianca DNA
e Carina DNA
¢ Daphne DNA
* Fast DNA Ladder 1

Supplied by user:

e Plastic tubes for dispensing reagents
(1.5 ml or 0.2 ml tubes can be used)

o 2-20 pl micropipette and tips

* Fine-tipped permanent marker

1. Thaw reagents by placing tubes at room temperature.

2. Collect the liquid at the bottom of each tube. Either spin briefly in a microcentrifuge or shake

the liquid down with a flick of the wrist.

3. When you open each tube, check for liquid stuck inside the cap. If necessary, put the cap back

on and repeat step 2.

4. For each lab group, dispense the following
reagents into labeled plastic tubes. 1.5 ml
or 0.2 ml plastic tubes can be used.

- Andrew DNA 15 pl
(label tube as "A™)

- Bianca DNA (tube B) 15 ul

- Carina DNA (tube C) 15 pl

- Daphne DNA (tube D) 15 ul

- Fast DNA Ladder 1 (tube L) 15 pl

5. Dispensed DNA samples can be stored at
room temperature for 24 hours or in the
refrigerator for up to one week before use.

Hemophilia Genetics Lab: X-linked Inheritance
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Prepare gel electrophoresis buffer and agarose gels

1. Prepare electrophoresis buffer.
¢ Follow the manufacturer’s instructions to prepare buffer solution.
* The volume of buffer needed varies based on the gel electrophoresis system you are using.
- For the blueGel and Bandit electrophoresis systems, 600 ml of TBE buffer is sufficient for
at least eight gel runs.
- For other systems, refer to the manufacturer’s instructions for:
(1 The buffer volume needed to prepare agarose gels.
(2) The buffer volume needed for use as a running buffer.

2. Prepare 2% agarose gels with fluorescent DNA stain.
e Each group will need four lanes, plus one lane for ladder. If groups are sharing gels, a single
lane for ladder per gel is sufficient.
e This lab kit is compatible with any molecular grade agarose and fluorescent DNA stain (e.g.,
SeeGreen™ or GelGreen®).
* The volume of gel needed varies based on the gel electrophoresis system you are using.
Refer to the manufacturer’s instructions.

Detailed instructions for preparing buffer and gels
for miniPCR electrophoresis systems

https://links.minipcr.com/gelpouring https://links.minipcr.com/BanditDNAgel



https://links.minipcr.com/BanditDNAgel

Student workstation setup

At the start of this experiment, every lab group should have:

Amount

DNA samples:
¢« Andrew (tube A)
¢ Bianca (tube B)
e Carina (tube C)
¢ Daphne (tube D)

15 pl each

Fast DNA Ladder 1 (tube L)

15 pl

2-20 pl micropipette or 10 ul fixed volume micropipette

Micropipette tips

At least 5

Electrophoresis buffer
* Volume depends on your electrophoresis system

30 ml TBE if using a
blueGel or Bandit

5 wells in a 2% agarose gel with fluorescent DNA stain
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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
Version: 1.1. Release: December 2025. © 2025 by miniPCR bio™ P./12
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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

Student guide

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.

©

Hemophilia Genetics Lab: X-linked Inheritance
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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
Version: 1.1. Release: December 2025. © 2025 by miniPCR bio™ P./17
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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
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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 —



m i n.i pcr m® Student guide

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
Version: 1.1. Release: December 2025. © 2025 by miniPCR bio™ P./21
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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
Version: 1.1. Release: December 2025. © 2025 by miniPCR bio™ P./22
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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)




minipcre st

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
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Medical Laboratory Science
connection: The clotting cascade

In this activity, Medical Laboratory Science (MLS) students can analyze the clotting cascade in
greater depth, connecting it to the laboratory tests used to identify clotting dysfunction.

Fibrin clots

Fibrinogen

TR

l

Fibrin

e After blood vessel damage, strands of a protein called fibrin form and stabilize the initial
platelet plug, helping prevent further blood loss.

*  While fibrin strands are essential for stabilizing a blood clot, their formation elsewhere in the
circulatory system could dangerously block normal blood flow.

* In normal physiology, fibrin formation is tightly regulated. An inactive precursor to fibrin called
fibrinogen circulates in blood, and a complex biochemical cascade mediates the conversion of
fibrinogen to fibrin.

Hemophilia Genetics Lab: X-linked Inheritance
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Overview of the clotting cascade

* Clot formation, also known as coagulation, occurs through a series of sequential enzymatic
reactions, collectively referred to as the clotting cascade.

* At each step, an inactive form of an enzyme, known as a zymogen, is cleaved into the active
form. The newly active enzyme cleaves and activates the following zymogen in the sequence.

e The clotting cascade has three main sections. The cascade is initiated through both the tissue
factor pathway' and the contact activation pathway? These two pathways converge in the
common pathway, which ends in the formation of a stable fibrin clot.

FIBRIN CLOT

' The tissue factor pathway was previously known as the extrinsic pathway.
2 The contact activation pathway was previously known as the intrinsic pathway.

Hemophilia Genetics Lab: X-linked Inheritance
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The tissue factor pathway

« Damage to the blood vessel wall exposes the tissue factor (TF) protein, also known as Factor Il
or thromboplastin, to the bloodstream, triggering the tissue factor pathway.

¢ The tissue factor pathway is rapid, and within seconds, it culminates in the activation of Factor
X, initiating the common pathway.

TISSUE FACTOR PATHWAY

BLOOD VESSEL INJURY

exposes factor Il to the
bloodstream

TFE ()

|
Triggers |

I
Vv

Vila | € Vil

Inactive factor VII
cleaved into active form

Triggers

4 COMMON PATHWAY
Xa < X
Inactive factor X
cleaved into active form

Coagulation protein naming conventions

Coagulation proteins, also known as clotting factors, are proteins in the blood required for blood
clot formation through the clotting cascade. Each protein was named in the order it was discovered,
not based on its function or place in the clotting pathway. Some proteins also have alternative names
based on where or how they were discovered—for instance, Factor IX is also called the Christmas
factor, named after the first patient identified with Factor IX deficiency.

When a coagulation protein becomes activated during the coagulation cascade, an “a” is added

to its name to indicate it is in its active form. For example, “Factor X” indicates the inactive form
and “Factor Xa” the activated form. This naming convention helps distinguish between the inactive
zymogen and the active enzyme that participates in clot formation.

Hemophilia Genetics Lab: X-linked Inheritance
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The contact activation pathway

¢ The tissue factor pathway triggers clotting quickly, while the contact activation pathway
amplifies the signal to form a stable blood clot.

¢ The contact activation pathway is triggered when blood comes into contact with exposed
collagen or other negatively charged surfaces inside a damaged vessel.

¢ The contact activation pathway also culminates in the activation of Factor X, initiating the
common pathway.

CONTACT ACTIVATION PATHWAY

BLOOD VESSEL
DAMAGE

|
| Triggers
|

Xl hd >| Xlla

Inactive factor XlI
cleaved into active form '

| Triggers
|

Xl A >| Xla

Inactive factor XI
cleaved into active form

|
| Triggers
|

IX hd > | IXa

Inactive factor IX
cleaved into active form 1

Thrombin* I
1 |
| Triggers —— |
7~ ~ .
/ N |Tr|ggers
Vil Y s[viia |
Inactive factor VIII |
cleaved into active form |
|
|
COMMON PATHWAY |
\ 4
X > | Xa

Inactive factor X
cleaved into active form

*  While Thrombin is the primary activator of Factor VIII, this is not the only way for it to be
converted into its active form.

Hemophilia Genetics Lab: X-linked Inheritance
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The common pathway

¢ Both the tissue factor and contact activation pathways converge to activate Factor X.
e Activated Factor X initiates the commmon pathway, which culminates in the formation of a fibrin

clot.
CONTACT ACTIVATION TISSUE FACTOR
PATHWAY PATHWAY
| |
| |
| I
| |
COMMON PATHWAY \ 4 \ %4
X s | Xa | ¢ X
Inactive factor X Inactive factor X
cleaved into active form | cleaved into active form
Thrombin :
|
| Triggers —— I
, \1/ N V. // = N : Triggers
>| Vva |
Inact_ive factpr \ :
cleaved into active form | Thrombin
Vv N\
] v lla
Inactive factor Il

cleaved into active form

1
|
| Triggers
Fibrinogen I Fibrin
| > la
Inactive factor |
cleaved into active form
Thrombin
|
| Triggers
\ %
Xl s | Xina
Inactive factor XIlI N\
cleaved into active form
STABLE,
CROSSLINKED
FIBRIN CLOT

*For a complete version of the clotting cascade chart, see page 41
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Testing for clotting dysfunction

* Coagulation testing, performed in a
clinical laboratory, measures the levels and
functionality of clotting factors in the blood.

e Each test evaluates a particular portion of the
clotting cascade, and taken together, they
can help diagnose bleeding disorders.

* The table below summarizes the Prothrombin
Time (PT) test and the Activated Partial
Thromboplastin Time (aPTT) test.

Prothrombin Time Activated Partial Thromboplastin Time

(PT) test (aPTT) test
) Contact ) Contact
Tissue factor o Common Tissue factor o Common
activation activation
Assesses pathway pathway pathway pathway
pathway pathway
Test Measures clotting time after adding Tissue | Measures clotting time after adding an
Factor (thromboplastin) to trigger the activator and partial thromboplastin that
procedure

tissue factor pathway

triggers the contact activation pathway

Test results

Normal clotting time (in seconds) indicates:

Normal clotting time (in seconds) indicates:

Functional tissue
factor pathway
(Factor VII)

Functional common
pathway (Factors X,
V, II, I/fibrinogen)

Functional contact
activation pathway
(Factors XIlI, XI, IX,
VI

Functional common
pathway (Factors X,
V, I, I/fibrinogen)

Prolonged clotting time indicates:

Prolonged clotting time indicates:

If aPTT normal:
Tissue factor
pathway deficiency
(e.g., Factor VII)

If aPPT prolonged:
Common pathway
deficiency

If PT normal:
Contact activation
pathway deficiency
(e.g., hemophilia A
or B)

If PT prolonged:
Common pathway
deficiency

Hemophilia Genetics Lab: X-linked Inheritance
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Glossary

Fibrin: A filamentous protein that forms a mesh and serves as the major structural component of a
blood clot. Fibrin is formed when its precursor fibrinogen is cleaved by thrombin.

Platelet plug: A temporary seal formed at the site of a blood vessel injury by the accumulation of
platelets.

Blood clot: A mesh of fibrin protein, red blood cells, and platelets that forms in response to a cut or
other injury, blocking bleeding.

Fibrinogen: A precursor protein that is converted into fibrin during clot formation.

Coagulation: The process by which a blood clot is formed. Coagulation is initiated through a
complex set of enzymatic reactions called the clotting cascade.

Clotting cascade: The complex series of enzymatic reactions triggered by blood vessel damage that
culminates in the formation of a fibrin clot.

Zymogen: An inactive enzyme precursor that is activated through a biochemical change, typically
when a portion of the protein is removed through hydrolysis. Also known as proenzyme.

Tissue factor pathway: A branch of the coagulation cascade initiated when Tissue Factor, also known
as Factor Il or thromboplastin, is released from damaged tissue. The tissue factor pathway leads to
the activation of the common pathway. Note that the tissue factor pathway was previously referred
to as the extrinsic pathway.

Contact activation pathway: A branch of the coagulation cascade initiated by blood vessel damage.
The contact activation pathway also leads to the activation of the common pathway. Note that the
contact activation pathway was previously referred to as the intrinsic pathway.

Common pathway: Where the tissue factor pathway and the contact activation pathways converge.
The common pathway begins with the activation of Factor X and ends with the conversion of
fibrinogen to fibrin, resulting in a stable blood clot.

Coagulation proteins: Proteins required for the coagulation cascade. Coagulation proteins exist as
inactive zymogens that are activated by blood vessel damage. Also known as clotting factors.

Coagulation testing: Blood tests used to measure the levels or activity of specific clotting factors.
Coagulation tests help identify bleeding disorders (like hemophilia) by detecting missing or deficient
factors in the clotting cascade. Also known as clotting factor tests.

Prothrombin Time (PT) test: A test that measures how long it takes blood to clot after adding Tissue
Factor to activate the tissue factor pathway. This test assesses the tissue factor pathway (Factor VII)
and common pathway (Factors X, V, Il, I/fibrinogen, and XII).

Activated Partial Thromboplastin Time (aPTT) test: A test that measures how long it takes blood
to clot after adding an activator that induces the contact activation pathway. This test assesses the
contact activation pathway (Factor XII, XI, IX, VIII) and the common pathway (Factors X, V, I, I/
fibrinogen, and XII).
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Questions

1. Why is the activation of both the tissue factor and contact activation pathways necessary for a
robust clotting response?

Questions 2-6 address inherited bleeding disorders. For each disorder:
¢ In parts A and B, indicate whether the PT time and aPTT time are expected to be normal or
prolonged.
¢ In part C, explain your reasoning.

2. Hemophilia A (Factor VIII deficiency)
A. PT time:
B. aPTT time:
C. Rationale:

3. Hemophilia B (Factor IX deficiency)
A. PT time:
B. aPTT time:
C. Rationale:

4. Hemophilia C (Factor Xl deficiency)
A. PT time:
B. aPTT time:
C. Rationale:

5. Factor VIl deficiency
A. PT time:
B. aPTT time:
C. Rationale:

6. Factor Il deficiency
A. PT time:
B. aPTT time:
C. Rationale:

Hemophilia Genetics Lab: X-linked Inheritance
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7. Why can’t PT/aPTT tests differentiate between hemophilia A, B, and C?

8. After a motor vehicle accident, a 35-year-old man presents at the emergency department with
abnormally heavy bleeding from a deep laceration.
Medical history: Test results:
- Takes no medications - Normal: Complete blood cell count and aPPT
- Abnormal: PT is prolonged

Which of the following clotting factors is most likely deficient?
A. Factor VII
B. Factor VIII
C. Factor IX
D. Factor XII

Explain your reasoning:

9. A 16-year-old male is evaluated for easy bruising and other concerning symptoms.

Medical history: Test results:

- Hemarthrosis - Normal: Platelet count and PT

- Maternal uncle had similar - Abnormal: aPPT is prolonged, Factor VIII activity is
symptoms 5% of normal

What is the most likely diagnosis?
A. von Willebrand disease
B. Hemophilia A
C. Hemophilia B
D. Factor X deficiency

Explain your reasoning:

Hemophilia Genetics Lab: X-linked Inheritance
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10. A 40-year-old man has abnormal bleeding following a routine dental procedure.

Medical history: Test results:
- No personal or family history - Normal: Vitamin K levels
of abnormal bleeding - Abnormal: aPPT and PT are prolonged

Which of the following clotting factors is most likely deficient?
A. Factor V
B. Factor VII
C. Factor IX
D. Factor XII

Explain your reasoning:

Hemophilia Genetics Lab: X-linked Inheritance
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Complete clotting cascade

CONTACT ACTIVATION PATHWAY

BLOOD VESSEL
DAMAGE

|
| Triggers
|
\%
Xl | ————>| Xlla
Inactive factor XlI
cleaved into active form i

| Triggers
|
NP TISSUE FACTOR PATHWAY
XI ; X|a BLOOD VESSEL INJURY
Inactive factor Xl exposes factor Il to the
cleaved into active form i bloodstream
: Triggers TF (1)
Vv I
IX | ———> | IxXa |
Inactive factor IX Triggers |
. cleaved into active form 1 |
Thrombin I N\
1 | |
| Triggers p—— | Vila % Vil
N /’ S | Triggers Inactive factor VII
vill % Villa \\l | 1 cleaved into active form
Inactive factor VIII | Triggers :
cleaved into active form | |
! I
! I
l |
COMMON PATHWAY v v
X _ 35| Xa | ¢«—— — X
Inactive factor X Inactive factor X
cleaved into active form . cleaved into active form
Thrombin :
|
| Triggers — |
\1/ // T \\ I Triggers
V | —~— 5| va N[
Inactive factor V :
cleaved into active form .
I Thrombin

v
] _— lla

Inactive factor Il
cleaved into active form

1

|

| Triggers
Fibrinogen 1 Fibrin

| —_— la
Inactive factor |
cleaved into active form

Thrombin

1
| Triggers

xm | — Y s [xma /_\J

Inactive factor XlII
cleaved into active form

STABLE,
CROSSLINKED
FIBRIN CLOT
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Expected results

Base Ladder Andrew Bianca Carina Daphne
pairs
1,200
700 &— Functional F8 (700 bp)
500
&— Dysfunctional F8 (400 bp)
300
200
100
This image represents results obtained after a 20-minute run using a
blueGel™ electrophoresis system
Andrew Bianca Carina Daphne
Functional F8 (700 bp) V4 V4 v
Dysfunctional F8 (400 bp) V4 V4 V4
Genotype XY XFXf XFXF XFXf
Genetic diagnosis | Hemophilia A Carrier Unaffected Carrier

For technical support, contact support@minipcr.com

For answers to the student questions, email answers@minipcr.com
Please include in the body of the email:

* The name of the lab

e Your name, school, and job title
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Unexpected results and troubleshooting

If fluorescent DNA bands are not visible on the gel, the following may have occurred:
e Failure to use a fluorescent DNA stain: This lab requires agarose gels made with a fluorescent
DNA stain (e.g., SeeGreen™ or GelGreen®). DNA stains that reveal DNA with a visible blue
compound are less sensitive and are not compatible with this lab kit.

e Incorrect visualization conditions: Fluorescent DNA stains (e.g., SeeGreen™ or GelGreen®) must
be viewed using a blue light or UV transilluminator. The blueGel electrophoresis system has an
integrated blue light transilluminator. For DNA visualization, ensure that you have turned on the
blueGel’s blue light by pressing the light bulb button.

* Samples were run off the gel: If you run the gel too long, DNA samples may migrate off the
gel. Monitor progress by occasionally checking the DNA samples under a transilluminator or
tracking the loading dye, which is visible to the eye. Stop the run before the colored loading
dye reaches the end of the gel.

* Reagents were stored improperly and/or are expired: DNA samples can be stored in the freezer
for up to twelve months after receipt or in a refrigerator for six months. Storage under different
conditions or in excess of this guidance may impair performance.

If some or all of the bands appear faint, the following may have occurred:

e Failure to load the DNA samples: Loading DNA samples for gel electrophoresis takes a little
practice. The bands will appear faint if students do not successfully deposit the full sample
volume into the well. Refer to https:/www.minipcr.com/how-to-load-a-gel-electrophoresis/ for
gel loading tips.

¢ Non-optimal visualization conditions: Dimming the lights in the room can make the fluorescent
DNA stain easier to see in the transilluminator. If using the blueGel, viewing the gel using the
Fold-a-View documentation hood and a smartphone camera will provide the best results.

* Old or improperly stored gels: Agarose gels can generally be prepared in advance, but
the storage time and conditions depend on the fluorescent DNA stain being used. If using
SeeGreen™ or GelGreen® DNA stain, gels can be prepared up to five days in advance. Store
gels at room temperature in an airtight container protected from light. Do not soak the gels in
buffer or wrap them in paper towels.

e Old or incorrectly prepared buffer: Gel visualization defects not directly ascribable to
other causes may be remedied by using freshly prepared buffer compatible with your gel
electrophoresis system. If using the blueGel, TBE buffer is recommended.

For tips on picture-perfect gels, see https://www.minipcr.com/gel-electrophoresis-troubleshooting/.

For additional technical support, contact support@minipcr.com.
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Notes on lab design

This lab serves as an introduction to non-Mendelian inheritance. We believe this approach provides
the right balance between intellectual engagement, inquiry, and accessibility. The design of this lab
has simplified certain elements to achieve these goals. Some of these elements include:

e This lab uses prepared DNA to simulate the results of PCR amplification of a section of the F8
gene from human genomic DNA.

e Hemophilia A can be caused by a wide range of mutations in the F8 gene, many of which
are single-base deletions or insertions. Because of this, DNA sequencing is typically used to
identify mutations that cause hemophilia A

¢ While clotting factor blood tests are used to make an initial hemophilia A diagnosis, genetic
testing to identify the causative mutation can provide additional useful information. Certain
mutations are known to increase the risk of developing inhibitors, antibodies against the
clotting factor treatments used to prevent excessive bleeding.

¢ This activity tracks a large deletion mutation in order to allow detection using gel
electrophoresis, a classroom-friendly biotech method. The mutation described in this activity
simulates a deletion of exon 1 of the F8 gene that was reported in a hemophilia A patient
(Youssoufian et al., 1988).

e Approximately 30% of cases of hemophilia A are due to de novo mutations. This means that
the mutation appears for the first time in a person, rather than being inherited from their
parents. In this case study, we only included information about inherited F8 gene mutations
and did not discuss de novo mutations.

Citations
Youssoufian, H., Kasper, C.K,, Phillips, D.G., Kazazian, H.H., and Antonarakis, S.E. (1988). Restriction

endonuclease mapping of six novel deletions of the factor VIl gene in hemophilia A. Hum Genet 80,
143-148. https://doi.org/10.1007/BF00702857
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Additional student supports

E-worksheets: The student questions accompanying this lab are available for download here as
editable text documents you can customize and upload to your LMS. E-worksheets can also be
accessed from the Curriculum Downloads tab at https:/www.minipcr.com/product/hemophilia-

genetics-lab.

miniPCR tutorials: Access an extensive set of free resources to help your students succeed in
molecular biology techniques. Visit https:/www.minipcr.com/tutorials/. The resources most relevant
to this lab are listed below.

¢ Micropipetting: Video, worksheet, and hands-on activity resources to train students in the

basic use of a micropipette.

¢ Gel electrophoresis: Video and worksheet activity instructing students on the fundamentals
and practice of agarose gel electrophoresis.

¢ PCR: While students do not perform PCR in this lab, the samples they analyze represent PCR
products. To facilitate a more detailed discussion of PCR with your students with your students,
we offer a video and worksheet activity instructing students on the fundamentals and practice
of PCR.

miniPCR Digital: Interactive tools for experiment-based learning with or without hands-on lab kits.
Visit https.//digital.minipcr.com.

Medical Laboratory Science connection: In this activity, Medical Laboratory Science (MLS) students
can analyze the clotting cascade in greater depth, connecting it to the laboratory tests used to
identify clotting dysfunction.
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Student learning goals:

Correlate genotype and phenotype

Predict genotype and phenotype using Punnett squares

Track inheritance of a sex-linked trait

Apply basic probability rules to genetic analysis

Understand how genetic testing can be used to diagnose genetic diseases

Scientific inquiry skills:

Identify or pose a testable question

Follow detailed experimental protocols

Create tables or graphs to present their results
Interpret data presented in a chart or table
Make a claim based in scientific evidence

Use reasoning to justify a scientific claim

Molecular biology skills:

Micropipetting
Agarose gel electrophoresis

Standards alignment

The standards alignment document for this activity is available for download here. This document
can also be accessed from the Curriculum Downloads tab at https:/www.minipcr.com/product/
hemophilia-genetics-lab.

This activity is aligned to the following standards:

Next Generation Science Standards (NGSS): High School Life Science
Advanced Placement Biology

Texas Essential Knowledge and Skills (TEKS): Biology

Texas Essential Knowledge and Skills (TEKS): Biotechnology
Biotechnician Assistant Credentialing Exam (BACE)

Common Core ELA/Literacy Standards (9-10)

For additional information on alignment to state standards, please contact support@minipcr.com.
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