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Workshop Outcomes

• Construct Punnett squares with gene sequences as alleles to 
connect inheritance of traits to chromosomes at the molecular 
level.

• Model several types of inheritance using the Chromosome 

Connection Kit©

• Make and defend a claim based on evidence that genetic 
variations result from a variety of factors.
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Construct a chromosome

• Start with one centromere
• Add 3 to 4 chromosome connectors to 

each side of the centromere
• Add a cap piece to each end of the 

chromatid. 
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Construct a chromosome

• Start with one centromere
• Add 3 to 4 chromosome connectors to 

each side of the centromere
• Add a cap piece to each end of the 

chromatid. 



7

Create a sister chromatid

• Create a duplicate copy of the 
chromosome to make a sister 
chromatid. 

 



8

Create a sister chromatid

• Create a duplicate copy of the 
chromosome to make a sister 
chromatid. 
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Suggested Chromosome Assembly 

Chromosome
Size

Part

Egg
donating 
parent 

chromosome
(Red Foam)

Sperm donating 
parent 

chromosome 
(Blue Foam)

Short 
chromosome 
(Acrocentric)

p arm linkers 0 0

q arm linkers 1 1

Medium 
Chromosome
(Metacentric)

p arm linkers 1 1

q arm linkers 1 1

Long
Chromosome
(Submetacentric)

p arm linkers 1 1

q arm linkers 2 2
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Why do I look different than my siblings? 
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Let’s look at chromosome 11
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Create a normal beta-globin DNA gene sequence

3’ G G A C T C C T C 5’

5’ C C T G A G G A G 3’
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Use insert pieces to assemble the maternal chromosome



14

Use insert pieces to assemble the maternal chromosome

Human B-globin is located on the p-arm of chromosome 11.

The human B-globin locus is a 60-kb segment on the short arm and 
contains five functional genes and two pseudogenes. We will look at a 
small part of this locus. 

It is responsible for the creation of the beta parts of the oxygen 
transport protein, hemoglobin.
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Create a sickle cell beta-globin DNA gene sequence

3’ G G A C A C C T C 5’

5’ C C T G T G G A G 3’
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Use insert pieces to assemble the paternal chromosome
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Use insert pieces to assemble the paternal chromosome

What is the difference between the two sequences? 
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Use insert pieces to assemble the paternal chromosome

What is the difference between the two sequences? 
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What is the difference between the two sequences?  

How might that affect the resulting protein?
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What is the difference between the two sequences?  

How might that affect the resulting protein?
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What is the difference between the two sequences?  

How might that affect the resulting protein?

Beta-globin
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Sickle Cell Anemia  
Possible Genotypes and Phenotypes

DNA sequence

SS 
Homozygous
Typical beta-globin

Ss
Heterozygous Carrier
Typical beta-globin and Atypical beta-globin

ss
Homozygous
Atypical beta-globin

Understanding Codominance
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A visit to the genetic counselor

How would you 
advise them?

Two individuals with 
sickle 
cell trait want to 
know their chances 
of having a child 
with sick cell 
anemia. Complete 
the Punnett square 
using DNA 
sequences to fill in 
each of the squares.
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A visit to the genetic counselor

What are the 
implications? 
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Moving to chromosome 4
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Huntington disease is caused by multiple repeats of 
CAG at the 5’ end of the HTT gene

How might that affect the resulting protein?
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Huntington disease is caused by multiple repeats of 
CAG at the 5’ end of the HTT gene

How might that affect the resulting protein?

Huntingtin
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Huntington disease
Possible Genotypes and Phenotypes

DNA sequences

HH
Atypical huntingtin protein
Huntington disease

Hh
Atypical huntingtin protein
Huntington disease

hh
Normal huntingtin protein

Understanding Complete Dominance
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A visit to the genetic counselor

One individual with 
severe Huntington 
disease and a healthy 
individual want to know 
their chances of having a 
child with Huntington 
disease. Complete the 
Punnett square using 
DNA sequences to fill in 
each of the squares.
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A visit to the genetic counselor

One individual with 
severe Huntington 
disease and a healthy 
individual want to know 
their chances of having a 
child with Huntington 
disease. Complete the 
Punnett square using 
DNA sequences to fill in 
each of the squares.

What are the 
implications?
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Let’s look at the sex chromosomes
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Hemophilia A is caused by a mutation in the F8 gene 
on the X sex chromosome. 

Clotting Factor VIII
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Hemophilia
Possible Genotypes and Phenotypes

DNA sequences

𝑋𝐻𝑋𝐻

Non-hemophilic biological female

𝑋𝐻𝑋ℎ

Biological female carrier for hemophilia

𝑋ℎ𝑋ℎ

Biological female with hemophilia

𝑋𝐻Y
Non-hemophilic biological male

𝑋ℎY
Biological male with hemophilia

Understanding Sex-linked Inheritance
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A visit to the genetic counselor

A carrier female and 
non-hemophiliac male 
want to know if they 
have a chance of having 
a child with hemophilia. 
Complete the Punnett 
square using DNA 
sequences to fill in each 
of the squares.
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A visit to the genetic counselor

A carrier female and 
non-hemophiliac male 
want to know if they 
have a chance of having 
a child with hemophilia. 
Complete the Punnett 
square using DNA 
sequences to fill in each 
of the squares.
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Our last stop is chromosome 2.
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The gene for myostatin has a variant that causes 
significantly increased muscle mass and strength.

Myostatin



39

A guanine was replaced by an adenine.  What are the 
implications of this mutation?

Myostatin
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Myostatin-related muscle hypertrophy
Possible Genotypes and Phenotypes

DNA Sequence

Homozygous dominant
MM

Heterozygous
Mm

Homozygous recessive
mm

Understanding Incomplete Dominance
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A visit to the genetic counselor

Two heterozygous 
individuals with muscle 
hypertrophy syndrome 
want to know if they 
might have affected 
children. Complete the 
Punnett square using 
DNA sequences to fill in 
each of the squares.

What are the 
implications?
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A visit to the genetic counselor

Two heterozygous 
individuals with muscle 
hypertrophy syndrome 
want to know if they 
might have affected 
children. Complete the 
Punnett square using 
DNA sequences to fill in 
each of the squares.

What are the 
implications?
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Genetic databanks to help you develop other cases

• Home - OMIM - NCBI (nih.gov)

• MedlinePlus: Genetics

https://www.ncbi.nlm.nih.gov/omim/
https://medlineplus.gov/genetics/?_gl=1*1mqfcen*_ga*NzUzODE0MDMuMTY5Njk1MDYzNA..*_ga_7147EPK006*MTY5NzA1MTgxMS4zLjEuMTY5NzA1MjUyNC4wLjAuMA..*_ga_P1FPTH9PL4*MTY5NzA1MTgxMi4zLjEuMTY5NzA1MjUyNC4wLjAuMA..&_ga=2.117221568.710379296.1696950635-75381403.1696950634
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Workshop NGSS Connections 

SEPs CCCs DCIs
Asking Questions and 

Defining Problems

Systems and System Models HS-LS1-4

Developing and Using 

Models

Cause and Effect HS-LS3-2

Scale, Proportion, and 

Quantity



Additional Resources
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• Understanding Sickle Cell - Sickle Cell Speaks
• Sickle hemoglobin (HbS) allele and sickle cell disease: a HuGE

review - PubMed (nih.gov)
• What is HD? - Huntington's Disease Society of America 

(hdsa.org)
• Home - Hemophilia Federation of America
• Myostatin-related muscle hypertrophy: MedlinePlus Genetics
• Entry - *601788 - MYOSTATIN; MSTN – OMIM
• Myostatin Mutation Associated with Gross Muscle 

Hypertrophy in a Child | NEJM

https://sicklecellspeaks.com/understanding-sickle-cell/
https://pubmed.ncbi.nlm.nih.gov/10791557/
https://pubmed.ncbi.nlm.nih.gov/10791557/
https://hdsa.org/what-is-hd/
https://hdsa.org/what-is-hd/
https://www.hemophiliafed.org/
https://medlineplus.gov/genetics/condition/myostatin-related-muscle-hypertrophy/
https://omim.org/entry/601788
https://www.nejm.org/doi/full/10.1056/NEJMoa040933
https://www.nejm.org/doi/full/10.1056/NEJMoa040933


Additional Resources
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• The status of the human gene catalogue | Nature
• Human Genome Is Much More Than Just Genes | Science | 

AAAS
• An integrated encyclopedia of DNA elements in the human 

genome | Nature

https://www.nature.com/articles/s41586-023-06490-x
https://www.science.org/content/article/human-genome-much-more-just-genes
https://www.science.org/content/article/human-genome-much-more-just-genes
https://www.nature.com/articles/nature11247
https://www.nature.com/articles/nature11247


We value your opinion! 
Let us know what you 
think.

Scan the QR 
Code and 

complete this 
short survey.
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A visit to the genetic counselor
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