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Genetic variants and 
genetic diseases

Presenter Notes
Presentation Notes
Learning Objective: Sequencing the genome
Understand DNA variation
Why sequence genomes
How can we sequence a genome?
Understand the concepts of GenBank and BLAST 
Learn how to use BLAST to determine the origin of an unknown sequence 
Genetic varints lead to genetic diseases
You will need:
Computers with internet access
Worksheets for students: one copy printed out and one copy uploaded to their computers (they will need to click on the BLAST link on their computers and copy/paste the sequence into the BLAST search field)




DNA detectives 
Who killed tara iti chick

• Read the Department of Fauna report

• Problem?

• Which biological samples do we have?

• What do you think ‘SEQUENCING’ is?

Hands On

https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Fact-Sheet 

Presenter Notes
Presentation Notes
For sequencing explanation, please see: https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Fact-Sheet 

https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Fact-Sheet


Your GENOME – that is, your complete DNA 
sequence: 
• about three billion base pairs long 
• divided into 23 pairs of large chunks called 

chromosomes

The Human Genome Project
2001: draft human genome sequence
2022: complete human genome sequence

Sequencing: determining the order of bases in DNA

https://www.genome.gov/about-genomics/fact-sheets/Chromosomes-
Fact-Sheet
https://www.genome.gov/genetics-glossary/Karyotype 

For more info on The Human Genome Project see:
https://www.genome.gov/about-genomics/educational-resources/fact-
sheets/human-genome-project 

cca 249 million base pairs

cca 47 million base pairs

Presenter Notes
Presentation Notes
Recap from the previous lesson – remind the students how 3 billion letters are organised in 23 chromosome pairs.

https://www.genome.gov/about-genomics/fact-sheets/Chromosomes-Fact-Sheet
https://www.genome.gov/about-genomics/fact-sheets/Chromosomes-Fact-Sheet
https://www.genome.gov/genetics-glossary/Karyotype
https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genome-project
https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genome-project


Your GENOME – that is, your complete DNA 
sequence, 
is about three billion base pairs long and divided 
into 23 chromosomes

Sequencing: determining the order of bases in DNA

Cat genome (2007)
cca 2.5 billion base pairs
18 chromosome pairs +X/Y
https://www.nbcnews.com/id/wbna21566038 

Dog genome (2003)
cca 3 billion base pairs
38 chromosome pairs
https://www.nature.com/articles/ng0703-249 

Banana genome (2012)
523 million
https://www.nature.com/articles/nature11241

Presenter Notes
Presentation Notes
Remind them that all living things have DNA/genomes. On the slide, there is a Boxer dog named Tasha’s picture – this is the first dog that was sequenced.
Cat genome: three kitties—Cinnamon from Missouri, Boris from Russia and Sylvester, a European wildcat descendent—provided the genetic material for the study. 

https://www.nbcnews.com/id/wbna21566038
https://www.nature.com/articles/ng0703-249


How sequencing works
DNA sequencing machine determines 

the order of letters in the DNA

Oxford Nanopore Technology (ONT) MinION

Illumina (NovaSeq6000)

https://nanoporetech.com/platform/technology 

https://www.illumina.com/

Presenter Notes
Presentation Notes
First we need the DNA  where can we get the DNA from?
We get the DNA from the cells – there are many cells in a blood sample, or in your nail clippings, your saliva, your using, etc. Usually we get the DNA from a blood sample or a so called cheek swab (rubbing around your gums with a cotton bud)
Then we need a device which will determine the DNA sequence of your sample: this is called a sequencer. On the picture is a portable sequencer called MinION. Children who go to the Auckland Museum session will get to see the MinION in action and analyse some sequences that come out of it.
Look at the picture: MinION is the rectangular bit (looks like a giant USB drive) attached to the laptop. MiniON determines the sequence by passing the DNA through a tiny pore called nanopore (see picture on the far right) // A nanopore is a nano-scale hole. In its devices, Oxford Nanopore passes an ionic current through nanopores and measures the changes in current as biological molecules pass through the nanopore or near it. The information about the change in current can be used to identify that molecule.
The motor protein is also crucial for delivering the DNA fragment to the nanopore, as it allows for the unzipping of the double-stranded DNA (dsDNA) fragment, and helps to push it through the nanopore, in order to allow for the sequencing to occur
The Illumina Novaseq6000 is the type of sequencing machine used in mainstream sequencing – on this slide there are two different sequencing devices: MinION and Illumina sequencer
For more info on ONT: https://nanoporetech.com/platform/technology 

https://nanoporetech.com/platform/technology


Genetic variants (DNA changes)

Traits Genetic diseases

Eye 
colour

Hair 
colour Nose shape

Hearing 
loss

Blindness
Heart diseases

Brain disorders

Presenter Notes
Presentation Notes
Explain how genetic variants determine what we look like: the colour of our eyes, skin, hair, shape of our ears, hands, etc. 
In some cases, genetic variants can also be the cause of genetic diseases like hearing loss, heart diseases, etc; make it clear that not all the diseases are genetic.




Genetic variants can cause genetic diseases

CGGACT

Normal collagen: Wrong amino acid built in collagen:

CGGGCT

Normal collagen gene (recipe for 
collagen protein)

Collagen gene with a disease-
causing variant

[Picture from: https://oimperfecta.weebly.com/genetics-of-oi.html 

Presenter Notes
Presentation Notes
The tiny letters  part of a sequence for COL1A1 (collagen1a1 gene)  on a mouse click part of the collagen sequence gets magnified  you can see that the normal collagen has the following bases: ‘CGGGCT’; but the faulty collagen has: ‘CGGACT’  the 4th letter is an “A” instead of normal “G”; this slide explains how letter “A” is a disease-causing variant 
COL1A1 gene (collagen 1a1) is important for the bones; the variant highlighted in red is very, very rare  but having an “A” instead of the ‘normal’ “G” will result in a disease called osteogenesis imperfect (brittle bones disease) 
Osteogenesis imperfecta (OI) is a disease that causes weak bones that break easily
COL1A1 gene – contains a recipe on how to make collagen protein which is important for the bones
If COL1A1 has an “A” instead of a “G”, the collagen recipe (gene) is faulty and the collagen made based on this recipe will be wrong  point out how the ‘hexagon’ amino acid is built into the collagen protein  Bones made with the ‘wrong’ collagen will break easily

[Picture from: https://oimperfecta.weebly.com/genetics-of-oi.html ]





https://oimperfecta.weebly.com/genetics-of-oi.html


Hands On

DNA detectives: Who killed tara iti chick

Clues from the Sequence?

Page 3

Presenter Notes
Presentation Notes
Ask what clues could the sequence give us: species, gene it codes for, trait, disease?



GenBank

Scientists use the ‘GenBank’ as a bank where they deposit
DNA sequences that have ever been sequenced: from COVID 19 

to Human DNA

Presenter Notes
Presentation Notes
Explanation for teachers: 
Scientists constantly sequence various species (from plants to animals, bacteria, viruses). New sequences are deposited in the GenBank every day. 
In case somebody asks how they sequenced the dinosaur as it is extinct → Dinosaur image: Palaeontologists have sequenced some protein from a 68-million-year-old fossilized Tyrannosaurus rex bone; see this paper if you are interested to find out more: https://www.nature.com/news/2007/070412/full/news070409-11.html 




s
e
a
r
c
h

“May the force 
be with you.”

Which movie does this 
quote come from?

Presenter Notes
Presentation Notes
First we will look at the example of how we can google a quote → and google search will return the movie where the quote came from



s
e
a
r
c
h

“May the force 
be with you.”

Which movie does this 
quote come from?

Presenter Notes
Presentation Notes
First we will look at the example of how we can google a quote → and google search will return the movie where the quote came from



The BLAST tool can accurately search all sequences in the GenBank database and 
identify where your Wound biopsy DNA sequence comes from:

B
L
A
S
T

>Wound Biopsy Sequence 
ATCAGGCTACATCCTGGAG
CGCAAGAAGAAGAAGAGCT
TCCGGTGGATGTGGC
TGAACTTTGACCTGCTGCA
GGAGCTGAGCCACGAGGC
ACGGCGCATGATTGAG
GGCGTGGTGTATGAGATGC
GAGTCTACGCGGTCA

Which species and 
gene does this 
portion of a 
sequence belong 
to?

NCBI 
GenBank

Wound biopsy seq.

?

Presenter Notes
Presentation Notes
If we want ‘google’ which species and gene our wound biopsy sequence comes from – we can use BLAST at NCBI. BLAST will search through billions of sequences in the GenBank and pull out the ones similar to our wound biopsy sequence.



Laptops

1.) Copy the following DNA sequence:

>Wound Biopsy Sequence 
ATCAGGCTACATCCTGGAGCGCAAGAAGAAGAAGAGCTTCCGGTGGATGTGGC
TGAACTTTGACCTGCTGCAGGAGCTGAGCCACGAGGCACGGCGCATGATTGAG
GGCGTGGTGTATGAGATGCGAGTCTACGCGGTCA

2.) Open up this link to NCBI BLAST (BLAST performs a sequence similarity 
search across the hundreds of millions of DNA sequences present in the 
GenBank database).

Hands On

Page 3

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_SPEC=GeoBlast&PAGE_TYPE=BlastSearch


Hands On

Clue #1: Which species does the 
Wound Biopsy Sequence belong to?



Hands On

Clue #1: Which species does the 
Wound Biopsy Sequence belong to?

Page 3

7.) Write down the names of the top 5 “hits” the DNA sequence matches with
8.) Reviewing the 5 top ‘hits’, can you infer who would be the most likely culprit?



Answers

7.) Write down the names of the top 5 “hits” the DNA sequence matches with

Use Google to find out the English names: tiger, snow leopard, jaguar, leopard, cat.
 
8.) Reviewing the 5 top ‘hits’, can you infer who would be the most likely culprit?



Clue #2: What gene/mRNA does the
‘Wound Biopsy Sequence’ belong to?

Myosin Binding Protein C - MYBPC3

Presenter Notes
Presentation Notes
Help the students identify that the ‘wound biopsy sequence’ is almost 100% identical to the mRNA of a gene called MYBPC3
The next slide explains more about MYBPC3 gene and protein and its role in the body (specifically, the heart).




MYBPC3

Sarcomere – contractile unit

From: https://www.britannica.com/science/cardiac-muscle 

Myosin Binding Protein C - MYBPC3

Presenter Notes
Presentation Notes
Explain that sarcomere is the contractile unit of the heart and that MYBPC3 is important for the heart contraction.
Then move on to the next slide to explore the MYBPC3 sequence we identified in the would biopsy sequence further.

https://www.britannica.com/science/cardiac-muscle


Hands On

Page 4

9.) Deselect the ‘select all’
10.) Click on the Felis catus myosin binding protein C3 (MYBPC3), transcript variant X2,mRNA 

Clue #3: Is there anything different in the
‘Wound Biopsy Sequence’ MYBPC3 compared to GenBank seq?

Presenter Notes
Presentation Notes
If you forget to untick ‘select all’ and leave the tick on all sequences – especially on poor wifi with multiple people logged it – the site takes a long time to load and can crash. If you only select the one sequence – then it’s ok and it should open quickly.



11) Identify the common and different base(s) between your query and 
the GenBank database. What is/are the difference(s) if any? 

Do you think this matters?? Just one letter is not the same as in the 
‘normal’ cat?

Hands On

Page 4

Wound biopsy seq.

GenBank seq (ref)

Presenter Notes
Presentation Notes
Explain that the Query s the sequence you blasted (wound biopsy) and the Sbjct is the sequence from the GenBank



12.) This single base change is actually known to alter the MYBPC3 protein in cats

13.) Click on ‘cds feature’ to change the DNA sequence into a protein sequence. Spot any 
difference(s).

Hands On

Page 5

From: https://pixabay.com/vectors/dna-amino-acids-biology-code-152135/ 

https://pixabay.com/vectors/dna-amino-acids-biology-code-152135/


Wound biopsy sequence

GenBank (reference sequence)

Record what you see. Refer to the table of codons at the link below to identify the names of the 
amino acids that changed https://pixabay.com/vectors/dna-amino-acids-biology-code-152135/

Nucleotide C>G

Amino acid R (Arg) > W (Trp)

Presenter Notes
Presentation Notes
Explain the wound biopsy sequence has TGG and the reference (GenBank) cat sequence has a CGG. This is a missense change leading to one amino acid being replaced by another. The codon wheel is read from the center out.

https://pixabay.com/vectors/dna-amino-acids-biology-code-152135/


‘Normal’ MYPBC3 cat protein Our ‘Wound Biopsy Sequence MYPBPC3 protein
1

W

WMRLNFD WMWLNFD

p.R818W

Presenter Notes
Presentation Notes
This is how a missense change in the MYBPC3 is described:
p. refers to the protein
R (Arg - Arginine) is the Amino acid that is in the ‘reference sequence’ of MYBPC3 we pulled from the GenBank and this R at amino acid position 818 in the MYBPC3 protein is replaced by a W (Tryptophan).



14) Open the National Library of Medicines PubMed search engine

15) Type ‘MYBPC3 in cat’ in the search box and learn about MYBPC3 variants by reading 
the article written by Boeykens et al 2024

OMIA (Online Mendelian Inheritance in Animas is another good resource:  
https://omia.org/OMIA000515/9685/ 

Presenter Notes
Presentation Notes
In the first paper on this slide you can see R820W – this is the same variant as our R818W – the difference in the number is due to different transcripts (versions) o the MYBPC3 gene can be used. Just in case somebody asks. In the car, but are in use: R818W and R820W. This is the same variant.

https://pubmed.ncbi.nlm.nih.gov/
https://omia.org/OMIA000515/9685/
https://omia.org/OMIA000515/9685/




17.) Note that for technical reasons, the DNA position 2453 in the above table corresponds to 
position 2573 in Felis catus MYBPC3 transcript variant X2 (the first 121 nucleotides of the X2 
variant mRNA are untranslated). https://www.ncbi.nlm.nih.gov/nucleotide/XM_019812397.2 

Based on your sequence data analysis, can you identify which type of cat killed baby Tara iti? 

Ragdoll from https://commons.wikimedia.org/wiki/File:Ragdoll_from_Gatil_Ragbelas.jpg#file  Gatil Ragbelas cattery in Brazil (This file is licensed under the Creative Commons Attribution-Sha  
Alike 2.0 Generic license.

16.) The following table shows different cat breeds with MYBPC3 variants.

Presenter Notes
Presentation Notes
Point 17 Extension – if students notice that the nucleotide numbers don’t add up – that is due to the XM_019812397.2 sequence starting with the untranslated region of 121 nucleotides. See slide after the last slide –the coding DNA sequence starts (which is at nucleotide position 122)

https://www.ncbi.nlm.nih.gov/nucleotide/XM_019812397.2
https://commons.wikimedia.org/wiki/File:Ragdoll_from_Gatil_Ragbelas.jpg#file
http://www.gatilragbelas.com/
https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/2.0/deed.en
https://creativecommons.org/licenses/by-sa/2.0/deed.en


Hypertrophic cardiomyopathy in cats:
• Heart muscle – thickened (hypertrophied)

• Autosomal dominant 

• Homozygous cats: early onset and severe 

phenotype (disease)

• Hardly any symptoms > congestive heart 

failure > sudden death

Hypertrophic cardiomyopathy in 

human:
• Autosomal dominant 

• MYBPC3 mutations – most common HCM 

cause

• Gene therapy trials (using AAV9 virus)

Presenter Notes
Presentation Notes
The MYBPC3 is on cat chromosome D1: https://omia.org/OMIA000515/9685/ 



Example #2

• ‘Predator’ sequence:

TGCACGGAGACCAACTTCATTACATTAATCCTGAGACCCTGGAGACAAT
TAAGCAGGTTGATCTCTGCAACTACGTCTCTGTCAATGGAGCCAC

Go to: https://blast.ncbi.nlm.nih.gov/Blast.cgi 

https://blast.ncbi.nlm.nih.gov/Blast.cgi






The deletion of 4 letters(AAGA) in the RPE65 gene changes the RPE65 protein – the amino acids 
after the missing 4 DNA letters are all different to the normal RPE65 protein (frameshift 
mutation). 
RPE65 – frameshift  truncating the protein – causing retinal dystrophy / Autosomal recessive

Hands On

Presenter Notes
Presentation Notes
Come up with a story → the police has identified a number of dogs living nearby → but who did it?



2001 2020



Why is genetic diagnosis important?

• Preventative measures (LQTS in NZ)
• Genetic counselling and testing of patients whānau
• Reproductive genetic counselling
• Therapeutic 
• Gene therapy



Genomics careers
• Medical laboratory scientists (diagnostics)
• Bioinformatics
• Computer science
• Genetic variant analysis / curation
• Genetic Counsellors
• Clinical geneticists
• Forensics
• Biologists, functional studies (cell, animal models)
• Pharmacogenomics
• All medical specialities, nurses …
• Drug development, gene therapies …



Discussion
• Direct to consumer tests (Ancerstry, 23 and Me)
• DNA and whakapapa; DNA is tapu
• Storage of DNA samples
• Analysis and storage of genomic data
• Genetic information and insurance: 

https://www.1news.co.nz/2024/05/06/fair-go-should-insurers-discriminate-based-on-genetic-
profiles/  

https://www.theatlantic.com/health/archive/2024/09/23andme-dna-data-privacy-sale/680057/ 

https://www.1news.co.nz/2024/05/06/fair-go-should-insurers-discriminate-based-on-genetic-profiles/
https://www.1news.co.nz/2024/05/06/fair-go-should-insurers-discriminate-based-on-genetic-profiles/
https://www.theatlantic.com/health/archive/2024/09/23andme-dna-data-privacy-sale/680057/


39



• Slides that follow are not part of the presentation, but might 
be helpful

• Slide 41: 
• this is the mRNA MYBPC3 sequence (without introns)
• Start codon (ATG) where the protein synthesis starts is underlined
• Wound biopsy sequence is underlined

• Slide 42: an example of a laboratory offering the MYBPC3 
genetic test 

• Slide 43: explanation of how sequencing works



>Wound Biopsy Sequence 
ATCAGGCTACATCCTGGAGCG
CAAGAAGAAGAAGAGCTTCCG
GTGGATGTGGCTGAACTTTGA
CCTGCTGCAGGAGCTGAGCC
ACGAGGCACGGCGCATGATTG
AGGGCGTGGTGTATGAGATGC
GAGTCTACGCGGTCA

MYBPC3 gene – an instruction 
for a building block of the heart

Start of the coding sequence (ATG)
- At position 122 in 

Click here:
https://www.ncbi.nlm.nih.gov/
nucleotide/XM_019812397.2 

https://www.ncbi.nlm.nih.gov/nucleotide/XM_019812397.2
https://www.ncbi.nlm.nih.gov/nucleotide/XM_019812397.2
https://www.ncbi.nlm.nih.gov/nucleotide/XM_019812397.2


Look at: https://labgenvet.ca/en/disease/hypertrophic-cardiomyopathy-maine-coon-ragdoll/ 

Hands On
17.) Can you identify which type of cat killed baby Tara iti? 

https://commons.wikimedia.org/wiki/File:Maine_Coon_ma
le_NO_Sigdalskauen_Balder.jpg 
Tbjornstad (talk | contribs) / Creative 
Commons Attribution-Share Alike 4.0 
International license. 

https://labgenvet.ca/en/disease/hypertrophic-cardiomyopathy-maine-coon-ragdoll/
https://commons.wikimedia.org/wiki/User:Tbjornstad
https://commons.wikimedia.org/wiki/User:Tbjornstad
https://commons.wikimedia.org/wiki/User_talk:Tbjornstad
https://commons.wikimedia.org/wiki/Special:Contributions/Tbjornstad
https://en.wikipedia.org/wiki/en:Creative_Commons
https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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