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Workshop Outcomes

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

• Understand how the Cas9 protein binds to a specific 
sequence of double-stranded DNA at a PAM site and cuts it.

• Explain how CRISPR technologies are applied to edit 
genomes. 

• Have fun!
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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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Create a sister chromatid

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

• Create a duplicate copy of the 
chromosome to make a sister 
chromatid. 
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Let’s look at chromosome 11
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Examine this 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
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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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Examine this 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



17

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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Beta-globin
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What is the difference between the two sequences?  

How might that affect the resulting protein?
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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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Construct a model of tracrRNA.
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What do you notice about this sequence?
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Construct your CRISPR RNA (crRNA). 

What do you notice? What questions do you have?



41

Construct the dual guide RNA.  Add it to the Cas9 protein model. 
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What do you notice about this sequence?
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Knocking Out a Gene
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Nicking One Strand
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Nicking One Strand
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Base Pair Editing
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What about Casgevy?
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Additional Resources

• Understanding Sickle Cell - Sickle Cell Speaks
• Sickle hemoglobin (HbS) allele and sickle cell disease: a HuGE review - PubMed (nih.gov)
• CRISPR: History of Discovery (youtube.com)

• The Heroes of CRISPR: Cell

• CRISPR-Cas9 Gene Editing for Sickle Cell Disease and β-Thalassemia | New England Journal of Medicine 
(nejm.org)

• Treatment by CRISPR-Cas9 Gene Editing — A Proof of Principle | New England Journal of Medicine (nejm.org)

• Clinical genome editing to treat sickle cell disease—A brief update - PMC (nih.gov)

• FDA approves Casgevy, 1st gene-editing therapy to treat sickle cell (sicklecellanemianews.com)

https://sicklecellspeaks.com/understanding-sickle-cell/
https://pubmed.ncbi.nlm.nih.gov/10791557/
https://www.youtube.com/watch?v=RKh2mi3tsmc
https://www.cell.com/cell/fulltext/S0092-8674(15)01705-5
https://www.nejm.org/doi/full/10.1056/NEJMoa2031054
https://www.nejm.org/doi/full/10.1056/NEJMoa2031054
https://www.nejm.org/doi/full/10.1056/NEJMe2034624
https://pmc.ncbi.nlm.nih.gov/articles/PMC9868311/
https://sicklecellanemianews.com/news/exa-cel-now-casgevy-wins-fda-approval-treat-sickle-cell-disease/


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
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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
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Digital Modeling Hub

We're enhancing our kits and models to inspire more hands-on learning with our classic content, Interactables, 
short content videos, and much more!!  Check it out!

Look at our new
Digital Modeling Hub for 

additional resources to use with 
the Chromosome Connection Kit 
and CRISPR Making the Cut Kit. 
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Visit Our Booth!
Continue your exploration of our dynamic kits and models at Booth 609 



59

AR Enhancements

We're enhancing our kits and models to inspire more hands-on learning with new augmented reality features!

Stop by Booth 609 to
check out our new

Augmented Reality Enhancements!
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Summer Course 2025 – Modeling the Molecular World

Join us in Milwaukee for hands-on discovery and professional development on July 7 – 11.  
Registration begins in October.  Check out 3D Molecular Designs website for more information.

      

Bring an empty suitcase! 
You'll take home all these classroom resources!



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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