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Analysing DNA to identify who killed baby Tara iti

A resource developed by Dr. Thierry Lints, Dr. Polona Le Quesne Stabej, Dr. Wilda Laun,
Dr. Tamsin Robb & Prof. Cris Print

With funding support from: POtahi Manawa- Healthy Hearts for Aotearca New Zealand,
The Genomics into Medicine Initiative and Genomics Aotearoa

A New Zealand Fairy Tern/Tara iti at Waipu River estuary
Tergiversation, CC BY-5A 4.0, via Wikimedia Commons

1. Introduction

Tara iti (5termwia nersis dovisae) is probably Mew Zealand’s most endangered indigenous breeding
bird. It is estimated that there are fewer than 40 individuals left at present including approximately
9 breeding pairs. We can find Tara iti in the lower half of the Morthland Peninsula. Breeding is limited
to four regular sites: Waipd, Mangawhai, Pakiri and Papakanui on the South Kaipara Head. Te Arai
and Poutawa rivermouths are also intermittently used.

The most likely threats to Tara iti are:

Habitat depletion — degradation of sand dunes caused by residential development, farming...

Predation — predators such as rats, cats, hedgehogs and mustelids prey upon eges and chicks.

Environmental events — High tides, floods, and storms can destroy and wash away nests.

Death of embryos — Nesting birds are eaten or chased away by predators, and the embryos

die from exposure.

* Recreational activities — Beach activities such as drone use, dog walking, bonfires _. disturh
the birds and scare them away from their nests.



Genetic variants and
oenetic 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)



« Read the Department of Fauna report

 Problem?

« Which biological samples do we have?

 What do you think 'SEQUENCING' is?

DNA detectives
Who killed tara iti chick

A Reaad Thee covas repart Fromm the Deparbment of Fauma

= Depantment of Fauna

T Tarr fe Ao Bargrehe

DOF-8080842

Anthony Mcleod

13/1 2020
=t Location: Walpu River Mowth Wildlife
Rafuge
Native species predation
aie 2ta Active investigation
Event Report:

At 9:54 AM on Saturday, lanuary 11th 2020, DOF
volunteer Susie Marsden discovered a dead fairy
tern chick - Tara fti (Sternele nereis dawisee)
while conducting & mest survey at the Waipuw
River Mouth wildlife Refuge., The chick was
found appraximately 260 meters south from the
river mouth and 5 meters inland fram the high
water mark. Mariden was unable 1o locate any
nesl e in the wmmedate vicinily (althowegh
shallow Tara i:..u_ nest scrapes I the sand are

difficult to identify).

Autopsy of the chick revealed several small
puncture wounds om the neck and back. The
waunds, although not deep, are the likely cause
of death and are consistent with either attad by
a conspecific [same species) or predation by a
umnall- to medium-sized predator. The puncture

wiounds suggest the lateer senario,

The stiffness and delwdrated condition of the
body suggested death likehy accurred within £8-
72 hours prior. Despite 5 thorough search by
Officer Meleod and 8 voluntleer Team, ™
imfarmative animal tracks were found nearby.
Strong easterly winds over the previows days
could have filled over any predatory mammal
tracks with sand.

Skin swabs and wound Diopses have been
collected for forensic DMNA sequence analyss,
The DOF laboratory in Whangarel will file a
week, If sequence data indicate the imvalvement
of an introdwced pest, a predator trapping
strategy will be rapidly implemented Lo protect

the remaining Tara it

https://www.genome.gov/about-genomics/fact-sheets/DNA-Seqguencing-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

Sequencing: determining the order of bases in DNA

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

SO ORA R

3

Hoowm o8 0n W

7 2 a i0

cca 47 million base pairs

B bl £
8y EE gﬂ ; E?

SShiram bem am e chvance smes


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

Sequencing: determining the order of bases in DNA

Your GENOME - that is, your complete DNA
sequence,

is about three billion base pairs long and divided
into 23 chromosomes

pi =

Cat genome (2007) Dog genome (2003) Banana genome (2012)
cca 2.5 billion base pairs cca 3 billion base pairs 523 million
18 chromosome pairs +X/Y 38 chromosome pairs

https://www.nature.com/articles/ng0703-249



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 " Do
DNA sequencing machine determines !"i___
the order of letters in the DNA |

Illumina (NovaSeq6000)



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

Hair
colour

Nose shape

Hearing Brain disorders

loss

Heart diseases

L)

Blindness



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

Normal collagen gene (recipe for
collagen protein)

GGGAAGGAGTGGAGGGGAGGCCCCAAGGGGGGTGTGGAG: GGAGCAG: GGGCAGCATTGGGGTTTCATAAGCCCAACGGGCAGAAAGGGACTTACC
CCCGCATGGGTCTTCAAGCAAGTGGACCAAGCTTCCTTTTTTAAAAAGT TATTTATTTATTCTTTTTTTTTTTTTTTTTTTGGTAAGGTTGAATGCACTT
TTGGTTTTTGGTCATGTTCGGTTGGTC. GAT. CTAAGTTTGAGAGATGAATGC. GG. TATTTTCCARAGTCCATGTGARATTGTCT
CCCATTTTTTCCCTTTTCACCCCCTTCAGCTTTCCCTTCCTTGTCTCTTTCCCCGTTGCCCCCARAGTTCCTTCCCTGCGCACCGCACCCAGCTTCGGATCCA
GGGAGTTTACAGGAAGCAGACAGGGCCAACGTCGAAGCCGAATTCCTGGTCTGGGGCACCAACGTCC] CACATCGATGATGGGCAGGCGGGAG
GUCTTIGETGEI T I GTATTCAATCACT GTCT'IGCCCCAGGCTCCEETGTGACTCTGEEGETGGEECEGAGACAACGGEGAGGGEEGCAT TACCACGT GGGAGT
GATGGAGAGAGGGCACTATGGCCTGGCC GCCCAAGGCCGGAGAGGTGGGGCCCTGCCTGGGGATTCTGGGCACTCACCGTGCAGCCATCGACAGT
GACGCTGTAGGTGAAGCGGCTGTTGCCCTCGGCGCGGATCTCGATCTCGTTGGAGCCCTGGAGGAGCAGGGCCTTCTTGAGGTTGCCAGTCTGCTGGTCC
ATGTAGGCCACGCTGTTCTTGCAGTGGTAGGTGATGTTCTGGGAGGCCTCGGTGGACATCAGGCGCAGGAAGGTCAGCTGGATGGCCACATCGGCAGGGT
CGGAGCCCTGGCCGCCATACTCGAACTGCAGGGGAGGGGAGAGAGGGAAGAGTGAGCCGCTATGCGGGAACCTCTAGTCCTGCCTGGCCTCCCTGTCCAG
GGTCCTCAGAGAGCTGCCCAATGCACCGTTATATCGAGAGGAGGCACCACCTGCCCATCGGCAGCCTGTGTCTGAACCACTATCAGGGACCTGAGACCCC
TGCCTCCCAGCCCAGCTCTGTCCATCAC™ T~~~ "7 " 7m 77 7rmrrrormrmrms mrmms mem e e e AGCACTGGGCTAGCCCATCTCCTAACACTGGC
TCTGAGGTCCAGCTCACGCACCTGGAAT 2CTTGGGGTTCTTGCTGATGTACCAGTTCTTC
TGGGCCACACTGGGCTGAGTGGGGTACE CATCCAGGTTGCAGCCTTGGTTGGGGTCAR

TCCAGTACTCTCCTGTGGTAGGGCAGGC STAGGGGCACATATGGGCATGGGGACCCTGGC
ATGGCAGGAGTAGGAGGGAGGGAGAGGC ITTGAGGTCACGGCAGGTGCGGGCGGGGTTC

TTGCGGCTGCCCTCTGGGCTCCGGATGT ZTCGAGGTCACGGTCACGAACCACATTGGCAT
CATCAGCCCGGTAGTAGCGGCCACCATC JCGAAACCAGCGCTGGGAGGACCAGGGGGACC

AGGAGGTCCAGGAGGGCCGGGGGGACCC STGCTTTGGGGGCTGGAGGGCCATGAGCAGAG
GGGATGAGGGGCTACATACAACAGGACCAGCATCACCAGTGCGACCGCGAGGACCAGGGGGCCCAATGGGGCCAGGGAGACCGTTGAGTCCATCTTTGCC
AGGAGCNACCAGCAGAGCCAGGGGGNACCCTGGNGTGGGGGANATGGTTTGAGANNAGGCTGCCAGANGCCCGANCANCCCCAGCTCTGGAGGAGNGGCCCNC
CACCCTCCCTGCTGGCTCTGGCCCCACGGCTCATAGAGCCAGCCTCAGCCTCTTTCCATAGGACATGCCATAGCTCCTCCCAGCCGCTGAGCCAGGGGAG
GACGGATTGGGGAGCAGAGAGGCCARAGCTAGATCAGATTGTTTGTTCAGGATTCTTCCTCTCTTTGCCCACTCCCTGTCCCTGAACCCTTCTCCAGAGA
GGCARAGGGTGCCTGGGTCCCTGGCAAGGGTCCCCGAGGTGAGCCTGGGCTTGGGGCTCAGGAAGAGGAGAGAGAAGGCATGACTTACTCGGGGACCAGC
AGGACCAGAGGCTCCAGAGGGACCTTGTTCACCAGGAGAGCCCTGAAGGACAGAT, GGCAGTTCAGGCCCAGTGAGCGTCAAATGTAGCCTGAGG
GCCTGGCTGGAGAGACRAAGGGCAGTGTGGGCAACCCATGCCCCTTCATTATTCTGGARATCTAGCCCGAGGGTGTCCATAGGCAGAGACCTCTCCCATARA
TCCCTCTCTCTCTACCCCTCACCCTCTCACAACCTACTTCCACATCCCCACAAATCTTCACACCCCACTCCCCACTAGCCAGGGCARAGAATCACTATCC
AGAGGGGGAAACTGAGGCGAAGCTCCCCCTCCTATCCCACAGCACAGCATGGGGACTGG ‘TGAGCATACTTACAGGAGGGCCAGGGGGACCCT
GGAGGCCAGAGAAGCCACGGETGACCCT I TATGCCTCTGTCGCCCTETITCGCCTGICTCACCC T IGTICACCACGGELEGCCTTIGGGEGTCCCTAGAAGAGAGA
AAGGGACAAACTGTCAGGCGGAAGTTCCATTGGCATCGAGTGGGGCACTGTCTGCATCTGTAGAGTTCTAAAGGCATGGGGGACACAGCAGGGTACTTAC
GGCGGGGCCACGGGCGCCAACAGGGCCGACAGGACCGGTGGGACCAGCAGGACCCTGGGGAGAGCAAGE: GCATGAGCTCTTGGCCAGGGRAGGCTGA
GGCTGGGGCTGCAGGATGAGGCCTCCCCTCTGCTGGATCTCTCTCTCCTCAGCTGCTTCCCACTGTGGCCATCTCTCCCAACTCCCAGGGAAACCTCCCC
ACTGCAATCTTCACGGGAGCTGGGGCCAACTCATGGGAGAGGCGGTCCTGCTGGGAGAGGGGACTTGGGGCTGAGCTTTAACTCAGTTTTTTGGATTAA
GGCCCTGACATCTTGCAGGATCTCCTTTCCTCCCCCTGCCTGGGTGAAGTCCGACACCCATCCCCAGGCCTCTAAGGAGGCCTGAAGAGTCCCTGGCCTG

Normal collagen:

Collagen gene with a disease-
causing variant

GGCCCCRAAGGGGGGTGTGGAG. GGAGC] AGCATTGGGGTTTCATAAGCCCAACGGGCAGAAAGGGACTTACC
CCCGCATGGGTCTTCAAGCAAGTGGACCAAGCTTCCTTTTTTAAAAAGTTATTTATTTATTCTTTTTTTTTTTTTTTTTTTGGTAAGGTTGAATGCACTT
TTGGTTTTTGGTCATGTTCGGTTGGTC. GAT, CTAAGTTTGAGAGATGAATGC, GG. TATTTTCCAAAGTCCATGTGAARATTGTCT
CCCATTTTTTGGCTTTTGAGGGGGTTCAGTTTGGGTTGCTTGTCTGTTTCCGGGTTGGGGGGAAAGTTGGTTGGGTGGGAGGGAGCCAGGTTGGGATGGA
GGGAGTTTACAGGAAGCAGACAGGGCCAACGTCGAAGCCGAATTCCTGGTCTGGGGCACCAACGTCCAAGGGGGCCACATCGATGATGGGCAGGCGGGAG
GTCTTGGTGGTTTTGTATTCAATCACTGTCTTGCCCCAGGCTCCGGTGTGACTCTGGGGTGGGGCGGAGACAACGGGAGGGGGCATTACCACGTGGGAGT
GATGGAGAGAGGGCACTATGGCCTGGCC GCCCAAGGCCGGAGAGGTGGGGCCCTGCCTGGGGATTCTGGGCACTCACCGTGCAGCCATCGACAGT
GACGCTGTAGGTGAAGCGGCTGTTGCCCTCGGCGCGGATCTCGATCTCGTTGGAGCCCTGGAGGAGCAGGGCCTTCTTGAGGTTGCCAGTCTGCTGGTCC
ATGTAGGCCACGCTGTTCTTGCAGTGGTAGGTGATGTTCTGGGAGGCCTCGGTGGACATCAGGCGCAGGAAGGTCAGCTGGATGGCCACATCGGCAGGGT
CGGAGCCCTGGCCGCCATACTCGAACTGCAGGGGAGGGGAGAGAGGGAAGAGTGAGCCGCTATGCGGGRAACCTCTAGTCCTGCCTGGCCTCCCTGTCCAG
GGTCCTCAGAGAGCTGCCCAATGCACCGTTATATCGAGAGGAGGCACCACCTGCCCATCGGCAGCCTGTGTCTGAACCACTATCAGGGACCTGAGACCCC

TGCCTCCCAGCCCAGCTCTGTCCA™ TTCTGAGCACTGGGCTAGCCCATCTCCTAACACTGGC
TCITGAGGTICCAGCICACGCACCTG TIETCCTTGEEETTCTTGCTGATGTACCAGTICIIC
TGGGCCACACTGGGCTGAGTGGGG 'TGATGGCATCCAGGTTGCAGCCTTGGTTGGGGTCAA
TCCAGTACTCTCCTGTGGTAGGGC TATGGTAGGGGCACATATGGGCATGGGGACCCTGGC
ATGGCAGGAGTAGGAGGGAGGGAG ‘ACATCTTGAGGTCACGGCAGGTGCGGGCGGGGTTC

TTGCGGCTGCCCTCTGGGCTCCGG ‘CCACCTCGAGGTCACGGTCACGAACCACATTGGCAT
CATCAGCCCGGTAGTAGCGGCCAC GAAGTCGAAACCAGCGCTGGGAGGACCAGGGGGACC
GGAGGTCC, CGGGGGG 'CCAAGTGCTTTGGGGGCTGGAGGGCCATGAGCAGAG

GGGATGAGGGGCTACATACAACAGGACCAGCATCACCAGTGCGACCGCGAGGACCAGGGGGCCCAATGGGGCCAGGGAGACCGTTGAGTCCATCTTTGCC
AGGAGCACCAGCAGAGCCAGGGGGACCCTGGAGTGGGGGAMTGGTTTGAGAMGGCTGCCAGAAGCCCGARACAACCCCAGCTCTGGAGGAGAGGCCCAC
CACCCTCCCTGCTGGCTCTGGCCCCACGGCTCATAGAGCCAGCCTCAGCCTCTTTCCATAGGACATGCCATAGCTCCTCCCAGCCGCTGAGCCAGGGGAG
GACGGATTGGGGAGCAGAGAGGCCAAAGCTAGATCAGATTGTTTGTTCAGGATTCTTCCTCTCTTTGCCCACTCCCTGTCCCTGAACCCTTCTCCAGAGA
GGCAAAGGGTGCCTGGGTCCCTGGCAAGGGTCCCCGAGGTGAGCCTGGGCTTGGGGCTCAGGAAGAGGAGAGAGAAGGCATGACTTACTCGGGGACCAGC
AGGACCAGAGGCTCCAGAGGGACCTTGTTCACCAGGAGAGCCCTGAAGGACAGAT, GGCAGTTCAGGCCCAGTGAGCGTCAAATGTAGCCTGAGG
GCCTGGCT! GGGCAGTGTGGGCAACCCATGCCCCTTCATTATTCTGGARATCTAGCCCGAGGGTGTCCATAGGCAGAGACCTCTCCCATAA
TCCCTCTCTGTGTACCCCTCACCCTCTCAGAAGCTACTTGGACATGCCCACAAATCTTCAGACCCCAGTCCCCACTAGGGAGGGGAAAGAATGACTATCC
AGAGGGGGAAACTGAGGCGAAGCTCCCCCTCCTATCCCACAGCACAGCATGGGGACTGGGGAGGGGCTGAGCATACTTACAGGAGGGCCAGGGGGACCCT
GGAGGCCAGAGAAGCCACGGTGACCCTTTATGCCTCTGTCGCCCTGTTCGCCTGTCTCACCCTTGTCACCACGGGGGCCTTGGGGTCCCTAGAAGAGAGA
AAGGGACAAACTGTCAGGCGGAAGTTCCATTGGCATCGAGTGGGGCACTGTCTGCATCTGTAGAGTTCTARAGGCATGGGGGACACAGCAGGGTACTTAC
GGCGGGGCCACGGGCGCCAACAGGGCCGACAGGACCGGTGGGACCAGCAGGACCCTGGGGAGAGCAAGGE. GCATGAGCTCTTGGCCAGGGAAGGCTGA
GGCTGGGGCTGCAGGATGAGGCCTCCCCTCTGCTGGATCTCTCTCTCCTCAGCTGCTTCCCACTGTGGCCATCTCTCCCAACTCCCAGGGAAACCTCCCC
ACTGCANTCTTCACGGGNGCTGGGGCCANCTCATGGGAGAGGCGGTCCTGCTGGGAGAGGGGNCTTGGGGCTGAGCTTTANCTCAGTTTTTTGGATTAN
GGCCCTGACATCTTGCAGGATCTCCTTTCCTCCCCCTGCCTGGGTGAAGTCCGACACCCATCCCCAGGCCTCTAAGGAGGCCTGAAGAGTCCCTGGCCTG

Wrong amino acid built in collagen:

[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

DNA detectives: Who killed tara iti chick

B. Track down the culprit

The Department of Fauna laboratory collected, processed and prepared DNA samples from skin swabs
and biopsy tissues of the dead chick, then sequenced the prepared genomic DNA samples. The DNA
sequences obtained were further screened through a computer program to remove sequence files

closely matching the Tara iti's genome — this makes it possible to focus on foreign DNA sequences only
for potential predator DNA sequences.

Results showed that one particular DNA sequence was the ‘best guess’ for a potential culprit.

It is given as follows:
Hands On

ATCAGGCTACATCCTGGAGCGCAAGAAGAAGAAGAGCTTCCGGTGGATGTGGL
2 . Ta g k TGAACTTTGACCTGCTGCAGGAGCTGAGCCACGAGGCACGGCGCATGATTGAG
Pa ge 3 GGCGTGGETGTATGAGATGCGAGTCTACGCGGTCA

You are now going to analyse this sequence to properly identify the culprit.
Your aim is to answer two guestions:

Which species does this DMA sequence belong to?

Does this DNA sequence indicate something special about the culprit?

Clues from the Sequence?


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


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

National Library of Medicine

National Center for Biotechnology Information

GenBank [Nucleotide  v||

GenBank + | Submit v | Genomes v | WGS w | Metagenomes


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 



~ Go gle

Which movie does this
quote come from?

“May the force
be with you.”

> 0O


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


~ Go gle

Which movie does this

quote come from? ) )ﬁ
“May the force S
be with you.”
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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:

Wound biopsy seq.
>Wound Biopsy Sequence N C BI
GenBank

ATCAGGCTACATCCTGGAG
CGCAAGAAGAAGAAGAGCT
TCCGGTGGATGTGGC
TGAACTTTGACCTGCTGCA
GGAGCTGAGCCACGAGGC
ACGGCGCATGATTGAG
GGCGTGGTGTATGAGATGC
GAGTCTACGCGGTCA

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

—A N >



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.


hY Laptops

Hands On

Page 3

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).


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

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

g Save Search  Search Summary © How to read this report? @ BLAST Help Videos  )Back to Traditional Results Page

Job Title Wound Biopsy Sequence Filter Results
RID BNP3TEFAQ1E Search expires cn 08-14 11:52 am Download All v -
Program BLASTN@ Citation v Organism  only rop 20 will appear |_| exclude
Database corent  See details v Type common name, binomial, taxid or group name
<+ Add organism
Query ID lcliQuery_6477305
Description Wound Biopsy Sequence Percent Identity E value Query Coverage
Molecule type  dna to to to

Query Length 140

Other reports Distance tree of results MSA viewer @ m
Graphic Surnmary Alignments Taxonomy

- = - - W
Sequences producing significant alignments Download ~  Selectcolumns ~  Show e
select all 100 sequences selected GenBank Graphics Distance tree of results ~ MSA Viewer
M. Total | P
Description Scientific Name il P . = = Naze Len e
- - Score  Score | Cover  walue dent - ==
b w w - w
PREDICTED: Panthera onca myosin binding protein ©3 (MYBPCZ31, mRNA Fanthera onca 248 245 7% de-81 §E825% 4171 *M 050804458 .1
PREDICTED: Panthera pardus myosin binding protein C3 (MYEBPC3), mRNA Panthers pardus 245 245 87% de-81 QE8.25% 4245 XM D53309761.1
PREDICTED: Panthera uncia myosin binding protein C2 (MYBFPC2), mENA Panthera uncia 248 245 87 481 JEDE25% 4@238 XM 048547407 1
PREDICTED: Felis catus myosin binding protein C3 (MYBPC3), transcript varant X3, mENA Felis catus 248 245 87 481 JEDE25% mz XM 045032263 .1
PREDICTED: Felis catus myosin binding protein &3 (MYBPC3), transcrpt variant X2, mRENA Felis catus 248 245 a7% 481 JO5.25% 42832 XM 010812397.2
PREDICTED: Felis catus myosin binding protein &3 (MYBPC3), transcript variant X1, mRENA Felis catus 248 245 a7% 481 JO0.25% 4285 xM 010312398.2

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

Descriptions Graphic Summary Alignments Taxonomy

Sequences producing significant alignments
select all 100 sequences selected
Description

PREDICTED: Panthera tigris myosin binding_ protein C3 (MYBPC3), mBNA

PEREDICTED: Panthera uncia myosin binding_profein C3 (MYEPC3),_mBMNA

PEEDICTED: Panthera onca myosin binding protein C3 (MYBPC3). mBEMNA

PREDICTED: Panthera pardus myosin binding_profein C3 (MYEPC3),_mRNA

PEREDICTED: Felis catus myosin binding protein 3 (MYEPC3), transcripl variant X2, mBHA

PREDICTED: Panthera leo myosin binding protein &3 (MYEPC3), mEMNA

PREDICTED: Felis catus myosin binding_protein C3 (MYEPC3), transcript vanant X3, mRMA

o000 Q0O@

PREDICTED: Felis calus myosin binding protein C3 (MYEPC3), transcript vanant X1, mRMA

Download ~

Select columns ~ Show Q

GenBank Graphics

Scientific Name
-

Panthera figris
Panthera uncia
Panthera onca
Panthera pardus
Felis catus
Panthera leo
Feliz catus

Felis catus

Distance tree of results

MSA Viewer

Max Total CQuery E
Score Score Cover  walue
- - w -
245 2456 97T%  de-B1
245 2486 97%  de-B1
245 2456 97T%  de-B1
246 246 O97%  de-61
245 2456 97T%  de-B1
246 246 O97%  de-61
246 246 97T%  4e-61
246 246 O97%  de-61

Use Google to find out the English names: tiger, snow leopard, jaguar,

Per.
Ident
-
99.26%
99_26%
99.26%
099 26%
99.26%
099 26%
99 26%
099 26%

ACt.

Len
-

2005
49335
4171
4245
4282
5001
39z
4285

b
XM
b
EA
b
EA
b
EA

leopard, cat.

Accession

M 042856215.1
O 0496474071
06060445351
M 053899761.1
0195123972
0429041171
0450392631
M 019812396.2

8.) Reviewing the 5 top ‘hits’, can you infer who would be the most likely culprit? e



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

Graphic Summary Alignments Taxonomy

= - = - w
Sequences producing significant alignments Download ~  Selectcolumns ~ Show | 100 7]
select all 100 sequences selected GenBank Graphics Distance tree of results  MSA Viewer
. L Max Total | Query E Per.  Acc.
Desc Scientific M 3
Eptmn e E ame Score Score Cover walue |dent  Len Accession
- - b w - -
PREDICTED: Panthera tigris myosin bindimg protein C3 (MYBEPC3). mEMNA Panthera figris 246 246 9T% 4261 99.26% 5005 XM 0429552151
PEEDICTED: Panthera uncia myosin binding profein C3 (MYBPC3)_mBMNA Panthera uncia 245 246 97% deB1  D026% 4935 XM 049647407 1
PEEDICTED: Panthera onca myosin binding protein C3 (MYBPC3). mBMA Panthera onca 245 246 97% deB1 9026% M7T1 EM 0606044551
PEEDICTED: Panthera pardus myozin binding protein C3 (MYEPC3)_mBMNA Panthera pardus 246 246 9%  de-61 9926% 4246 XM 053899761.1
™ PREDICTED: Felis catus myosin binding protein C3 (MYBPC3), transcript variant X2, mRNA Feliz catus 245 246 97% deB1  D026% 4282 XM 01991234972

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).



Myosin Binding Protein C - MYBPC3

superior
vena cava

Sarcomere — contractile unit

Tropomyosin

Troponin | . .
T Troponin T
roponin C po _Mline

| B-Myosin
heavy chain
right
ventricle Myosin
light chain
inferior
vend cava

Myosin-binding protein C

left ventricle
@ Encyclopaadia Britannica, Inc. M Y B P‘ 3

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



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

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

Job Title Nucleotide Sequence Filter Results
RID JN2XDK1KO13 Search expires on 11-07 04:18 am Download All v -
i iy top 20 will
Program BLASTN@  Citation v Organism _only top 20 will appear || exclude
Database corent  See details v Type common name, binomial, taxid or group name
+ Add organism
Query ID Icl|Query_3554249
P a g e 4 Description Mone Percent Identity Query Coverage
Molecule type dna to to to
Eueg Length 140 |
- - (=]

Other reports Distance tree of results  MSA viewer @
Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download Select columns ~  Show (2]

II:I select all lsequmces selected GenBank Graphics Distance tree of results  MSA Viewer

Description

el
]
m
=
:
=
o
(1]
=
=
&
il
F.
E
Fed
(=]
2.
=]
=
=
(=9
=
[
=
£l
g
=
(]
i
=
=
(]
T
)
L
=
]
=
=

PREDICTED: Panthera uncia myosin binding_protein C3 (MYBPC3), mRMNA

PREDCICTED: Panthera onca myosin binding protein C3 (MYBPC3). mRNA

el
]
m
=
:
=
o
(1]
=
=
&
el
=
(]
=3
=
]
El
=
(=]
2.
=
=
3
=
=]
=
=l
T,
=
)
(]
=
=
(4]
T
)
)
El
)
=
=

Scientific Name
-

Panthera figris

Panthera uncia
Panthera onca

Panthera pardus

Max Total CQuery

Score Score | Cover  walue
w

97%
97%
97%
97%

Accession

#M 0428582151
#1 0496474071
*M 0606044581

*M 053899761.1

PREDICTED: Felis catus myosin binding protein C3 (MYEPC3), transcript variant X2 mRNA

Felis catus

9%

*M 0198123972

9.) Deselect the ‘select all’

10.) Click on the Felis catus myosin binding protein C3 (MYBPC3), transcript

variant X2,mRNA


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?
Page 4 I

Score Expect Identities Gaps Strand
246 bits(133) de-61 135/136(99%) 0/136(0 Plus/Plus

Wound biopsy seq. Queryf 5 GGCTACATCCTGGAGCGCAAGAAGAAGAAGAGCTTCCGGTGGATGTGGCTGAACTTTGAC 64

GenBank seq (ref) Sbjct) 2528 GGCTACATCCTGGAGCGCAAGAAGAAGAAGAGCTTCCGGTGGATGCGGCTGAACTTTGAC 2587

Query 65 CTGCTGCAGGAGCTGAGCCACGAGGCACGGCGCATGATTGAGGGCGTGGTGTATGAGATG 124

Sbjct 2588 C(TGCTGCAGGAGCTGAGCCACGAGGCACGGCGCATGATTGAGGGCGTGGTGTATGAGATG 2647

Query 125 CGAGTCTACGCGGTCA 140

Sbjct 2648 CGAGTCTACGCGGTCA 2663

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


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).

Descriptions Graphic Summary Taxonomy

Alignment view‘ Pairwise v | CDS feature @ [Restore defaults

3 sequences selected 9

2 Download v+ GenBank Graphics

PREDICTED: Felis catus myosin binding protein C3 (MYBPC3), transcript variant X2, mRNA
Sequence ID: XM_019812397.2 Length: 4282 Number of Matches: 1

Page 5

Range 1: 2528 to 2663 GenBank Graphics

Score Expect Identities Gaps Strand

246 bits(133) de-61 135/136(99%) 0/136(0%) Plus/Plus

CDS: Putative 1 1 G ¥ I L ER K K K K S F R WMWILNFD

e ninhinnnnmnetinahnEnimithne

Sbjct 2528 GGCTACATCCTGGAGCGCAAGAAGAAGAAGAGCTTCCGGTGGATGCGGCTGAACTTTGAC 2587

CDS:myosin-binding p 863 G ¥ I L ER K K K K S FER WMZETLIMNTFD

CDS: Putative 1 21 L L Q ELSHEARU ERMTITES®GVVY EM

Query 65 CTGCTGCAGGAGCTGAGCCACGAGGCACGGCGCATGATTGAGGGCGTGGTGTATGAGATG 124
|I|IIIIII|I|I|I|IIIIII|I|IIIIIIII|I|I|IIIIII|I|III|I|I|II|I|

Shjct 2588 CTGCTGCAGGAGCTGAGCCACGAGGCACGGLGCATGATTGAGGGCGTGGETGTATGAG 2647

CDS:myosin-binding p 823 L L @Q EL SHEWARI EREMTI E GV V Y E M

CDS: Putative 1 41 RV Y 4 V

e .

Sbjct 2648 CGAGTCTACGCGGTCA 2663

CDS:myosin-binding p 843 R Vv ¥ 4 v
From: https://pixabay.com/vectors/dna-amino-acids-biology-code-152135/



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

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/

Wound biopsy sequence

W M W L N F D
TGGATGTGGCTGAACTTTGAC 64

TGGATG TGAACTTTGAC 2587
W M L N F D

Nucleotide C>G
Amino acid REBRG) > 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

1 /translation="MPEPGKKPVSAFSKKPRSVEVAASSSAVFEAETERSGVKVRWQR

GGS5DISASDKYGLAAEGTRHTLTVRDVGPTDQGPYAVIAGSSKVKFDLKVIEAEKAEP
VPGPAPAPTEAPGGSGEALTSTTEEEGGSPSPKGSSSAAPDGSGASDDPIGLFVMRPQ
DGEVTAGGSITFSARVAGASLLKPPTVKWFKGKWVDLSSKVGQHLQLHNSYDRTSKVY
LFELHITDAQTTFAGGYRCEVSTKDKFDSCNFSLTVHEAIGPGDLDLRSAFRRTSLAG
SGRRISDSHEDAGTLDFSSLLKKRDSFRNLRDPRLEAPAEEDVWEILRQASPSEYERI
AFQHGITDLRGMLKRLKGMKRDEKKSTAFQKKLEPAYQVSKGHKIRLTVELADPDAEV
KWLKNGQEIQMSGSKYIFESVGAKRTLTISQCSLADDAAYQCVVGGEKCSTELFVKEP
PVLITRPLEDQLVMVGQRVEFECEVSEEGAQVKWLKDGVELTREETFKYRFKKDGQRH
HLIINEATLEDAGHYALRTSGGQALAELIVQEKKLEVYQSIADLTVGAKDQAVFKCEV

SDEN YSFVPEGFACHNLS
AKLH VPISGDPAPTVIWQ
KTLT W M L N F D TTKDRSIFTVEGAE
KEDE 5CTVQWEPPAYDGG

QPVLGYILERKKKKSFRWMRLNFDLLQELSHEARRMIEGVVYEMRVYAVNAIGMSRPS
PASQPFMPIGPPSEPTHLAVEDVSDTTVSLKWRPPERVGAGGLDGYSVEYCREGCSEW
VAALEGLTERTSLLVKDLPTGARLLFRVRARMMAGPGAPIATKEPVTVQEILQRPRLQ
VPRHLRQTIQRKVGEPVNLLIPFQGKPRPQVTWRNKEGQPLAGEEVSIRNSPTDTILFI
RAAHRTHSGTYEVMLRIENMEDKATLVLRVVDKPSPOQDIRVTEAWGFNVVLEWKPPQ
DDGNTEILGYTVQKADKKTMEWFTVLEHYRRTHCVVSERIIGNGYYFRVFSHNTVGPS
DNAATTKEPVFIPRPGITYEPPNYKALDFSEAPSFTRPLVNRSVIAGYNATLCCAVRG
SPKPKVSWFKNGLDLGEDARFRMFSKQGVLTLEIRKTCPFDGGYYVCRATNLQGEAQC
ECRLEVRVPQ"

Our ‘Wound Biopsy Sequence MYPBPC3 protein

/translation="MPEPGKKPVSAFSKKPRSVEVAASSSAVFEAETERSGVKVRWQR
GGS5DISASDKYGLAAEGTRHTLTVRDVGPTDQGPYAVIAGSSKVKFDLKVIEAEKAEP
VPGPAPAPTEAPGGSGEALTSTTEEEGGSPSPKGSSSAAPDGSGASDDPIGLFVMRPQ
DGEVTAGGSITFSARVAGASLLKPPTVKWFKGKWVDLSSKVGQHLQLHNSYDRTSKVY
LFELHITDAQTTFAGGYRCEVSTKDKFDSCNFSLTVHEAIGPGDLDLRSAFRRTSLAG
SGRRISDSHEDAGTLDFSSLLKKRDSFRNLRDPRLEAPAEEDVWEILRQASPSEYERI
AFQHGITDLRGMLKRLKGMKRDEKKSTAFQKKLEPAYQVSKGHKIRLTVELADPDAEV
KWLKNGQEIQMSGSKYIFESVGAKRTLTISQCSLADDAAYQCVVGGEKCSTELFVKEP
PVLITRPLEDQLVMVGQRVEFECEVSEEGAQVKWLKDGVELTREETFKYRFKKDGQRH
HLIINEATLEDAGHYALRTSGGQALAELIVQEKKLEVYQSIADLTVGAKDQAVFKCEV

SDENV VPEGFACNLS
AKLHF GDPAPTVIWQ
KTLTQ RSIFTVEGAE
KEDEG 'QWEPPAYDGG
QPVLGYILERKKKKSFRYAMWLNFDLLQELSHEARRMIEGVVYEMRVYAVNAIGMSRPS
PASQPFMPIGPPSEPALAVEDVSDTTVSLKWRPPERVGAGGLDGYSVEYCREGCSEW

VAALEGLTERTSLLYKDLPTGARLLFRVRAHNMAGPGAPIATKEPVTVQEILQRPRLQ
VPRHLRQTIQRKWYGEPVNLLIPFQGKPRPQVTWTKEGQPLAGEEVSIRNSPTDTILFI
RAAHRTHSGTYYVMLRIENMEDKATLVLRVVDKPSPPQDIRVTEAWGFNVVLEWKPPQ
DDGNTEILGYAVQKADKKTMEWFTVLEHYRRTHCVWSELIIGNGYYFRVFSHNTVGPS
DNAATTKEPVFIPRPGITYEPPNYKALDFSEAPSFTRPLVNRSVIAGYNATLCCAVRG
FKNGLDLGEDARFRMFSKQGVLTLEIRKTCPFDGGVYVCRATNLQGEAQC
VPQ"


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

National Library of Medicine

N Log in

Pu bmed MYBPC3 in cat

Advanced Create alert  Create RSS

Shve Errail Send Lo sorl by: | Most recent £ | 1= Diaplay opticns 4F
R T 25 resulls Page 1 of3 B Th
Fheltz B s [ CRISPR/Casd gene editing in induced pluripotent stem cells to investigate the

feline hypertrophic cardiomyopathy causing MYBPC3/HE20W mutation.
cite  Dutton L Dudhia ), Guest D), Connolly D)L
FLe One. 2024 Oct 10:190100:20311 761, doi 10,137 1/journal.pone 0311761, eCollaction 2024

FIAID: 319308436 Frae PMC articla,

The aim of this study was to generate a celhdar moded of the feline HCM-causing MYBPC3 mutation

RE20W. Using CRIBPRA 859 gene aditing we imraduced the RE20W mulation inlo a human induced
plunipotent stem cell (IPSC) line., ..In summa . we demonstrate successful generatl ..

FUELIZATION DWTE
) 1 year | Classification of feline hypertrophic cardiemyopathy-associated gene variants
B 2 according to the Amerncan College of Medical Genetics and Genomics guidelines.
L) 3years Cite  Bosykens F, Abithol M, Anderson H, Dangar T. Ferrari P, Fox PR, Hayward 1. Haggstram |, Davison 5,
._"_". 10 years - Kitthason M, van Steanbesk F, Ljungusll |, Lyons LA, Longeri M, Ohlsson A, Peelman L. Dufaure de Citres
SR £ Smels B, Turba ME, Broecks BIG,
i) Custom Range . - - e
Front Vet So. 2024 Fab 2710132 0081, doit 103288 vete 20240932 /081, elollection 2024,
. PMIC: 38371538 Free PMC article,
I silico evakiation followed with joint evidence and dats from other publications assisting n the
—l Abstract dassification of each vanant. RESULTS: Two varianis. MYBPC3:c915 = C [AZ1P] and MYBPC3:c 24530 =
_—| Free full text T [RE18W]. veere designated as pathogenic. DISCUSSHIN: Rou .

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/

» Front Vet Sc. 2024 Feb 2:11:1327081. doi: 10.233%vets.2024.1327081. eCollection 2024,

Classification of feline hypertrophic
cardiomyopathy-associated gene variants according
to the American College of Medical Genetics and
Genomics guidelines

Abstract

Fréderique Boeykens ', tdarie Abitbol ?, Heidi Anderson ;, Tanushri Dargar 2 Paclo Ferrari q,
philip / Fox §, Jesgica | Hayward 7, Jens Haggstrim & Stephen Davison # mdark D Kittleson 10 . . i . oL .
2 aseonlsen ¥, Introduction: The correct labeling of a genetic variant as pathogenic is important as breeding

Luc Peclman 7, Caroline Dufaure de Citres ', Pascale Smets ™, Maria Elena Turba ™7,

Bart ) G Broecac ! decisions based on incorrect DNA tests can lead to the unwarranted exclusion of animals, potentially

Frank van Slesnbeak ”_ |||U|i|i _i||'1:_|'uae|| B_ Bilie & I':,-l::-ll'». 1"-". Maria onger

compromising the long-term health of a population. In human medicine, the American college of
Medical Genetics (ACMG) guidelines provide a framework for variant classification. This study aims to
apply these guidelines to six genetic variants associated with hypertrophic cardiomyopathy (HCM) in
certain cat breeds and to propose a modified criterion for variant classification.

Methods: Genetic samples were sourced from five cat breeds: Maine Coon, Sphynx, Ragdoll, Devon
Rex, and British Short- and Longhair. Allele frequencies were determined, and in the subset with
phenotypes available, odds ratios to determine the association with HCM were calculated. In silico
evaluation followed with joint evidence and data from other publications assisting in the classification
of each variant.

Results: Two variants, MYBPC3:¢.91G = C [A31P] and MYBPC3:c.2453C = T [R818W], were designated
as pathogenic. One variant, MYH7:c.5647G = A [E1883K], was found likely pathogenic, while the
remaining three were labeled as variants of unknown significance.

Discussion: Routine genetic testing is advised solely for the MYBPC3:c.91G = C [A31P] in the Maine
Coon and MYBPC3:c.2453C = T [R818W] in the Ragdoll breed. The human ACMG guidelines serve as a
suitable foundational tool to ascertain which variants to include; however, refining them for
application in veterinary medicine might be beneficial.



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

Occurrence of MYBPC2 variants in different cat breeds

Pathogenic Maine Scottish British Ragdoll
Variant Coon Fold Longhair

91G=C

[A31P] \/

2453C>T

(RB18W] o o sl ] \/

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?

Ragdcll cat



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

3 * Hypertrophic cardiomyopathy in cats:

« Heart muscle - thickened (hypertrophied)

‘ « Autosomal dominant

« Homozygous cats: early onset and severe

phenotype (disease)

|

@ ? @@ failure > sudden death
dddd Hypertrophic cardiomyopathy in

human:

|

Hardly any symptoms > congestive heart

« Autosomal dominant

» N *

« 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.nim.nih.gov/Blast.cgi



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

Descriptions

Graphic Summary Taxonomy

Alignment view

Pairwise hd

3 seqguences selected i

|| CDS feature a

Restore defaults

3 Download v+ GenBank Graphics

Canis lupus familiaris retinoid isomerohydrolase RPE65 (RPE65), mRNA
Sequence ID: NM_001003176.1 Length: 2390 Number of Matches: 1
See 1 more title(s) v See all Identical Proteins(IPG)

Range 1: 463 to 560 GenBank Graphics

Score
156 bit5{84}

Expect Identities Gaps
4e-34 94/98(96%) 4/98(4%)

Strand
Plus/Plus

Query 1
Sbjct 463
Query 57

Sbjct 523

TGCACGGAGACCAACTTCATTAC----ATTAATCCTGAGACCCTGGAGACAATTAAGCAG 56

TGCACGGAGACCAACTTCATTACAAAGATTAATCCTGAGACCCTGGAGACAATTAAGCAG 522

GTTGATCTCTGCAACTACGTCTCTGTCAATGGAGCCAC 94

LELEELTREREEEELEEEE e T e e ertn
GTTGATCTCTGCAACTACGTCTCTGTCAATGGAGCCAC 560




Descriptions Graphic Summary Taxonomy

Alignment view | Pairwise

v CDS feature 9 Restore defaults

3 sequences selected (7]

3 Download v GenBank Graphics

Canis lupus familiaris retinoid isomerohydrolase RPE65 (RPE65), mRNA
Sequence ID: NM_001003176.1 Length: 2390 Number of Matches: 1
See 1 more title(s) ¥ See all Identical Proteins(IPG)

Range 1: 463 to 560 GenBank Graphics

Score Expect Identities Gaps Strand

156 bits(84) 4e-34 94/98(96%) 4/98(4%) Plus/Plus

CDS: Putative 1 1 C T E T N F I T L I L R P W R Q L 5 R

Query 1 TGCACGGAGACCAACTTCATTAC----ATTAATCCTGAGACCCTGGAGACAATTAAGCAG 56
NARERRRRRANRRERENNNAR) NERNARERRR RN

Sbjct 463 TGCACGGAGACCAACTTCATTACAAAGATTAATCCTGAGACCCTGGAGACAATTAAGCAG 522

CD5:retinoid isomero 146 Cc T ET N F I TIKTIWNUPTETIULETTI K Q

CDS: Putative 1 28 L I s A T T S L S M E P

e eihminii e

Sbjct 523 GTTGATCTCTGCAACTACGTCTCTGTCAATGGAGCCAC 560

CD5:retinoid isomero 166

vV D L CNY VS VNUGA AT



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

1 [ 2 (345167 [ 8[9 1011 )12{13] 141516 171819202122 2324252627 (282930
Nucleotide GenBank
T|T|C
RPE65 sequence
Protein GenBank r
RPE65 sequence
Nucleotide "M '
syl 1 c

RPE6S sequence
Protein "Mystery" r
RPE6S sequence
Range 1: 462 to 560 GenBank Graphics
Score Expect Identities Gaps Strand
156 bits(84) 4e-34 94/98(96%) 4/98(4%) Plus/Plus
CDS: Putative 1 1 C T ET N F I T L T L R P WROQL S R
Query 1 TGCACGGAGACCAACTTCATTAC- - --ATTAATCCTGAGACCCTGGAGACAATTAAGCAG 56

[LEETEETETEEE T Errnr [ELCELELEEEEECELEr e e eyl
Shjct 463 TGCACGGAGACCAACTTCATTACAAAGATTAATCCTGAGACCCTGGAGACAATTAAGCAG 522
CDS:retinoid isomero 146 Cc T ETMNF I T KTIWMNWPTETULETTIWIKDZDQ
CDS: Putative 1 28 L I 5 A T TS L S M E P
e Mt
Shjct 523 GTTGATCTCTGCAACTACGTCTCTGTCAATGGAGCCAC 569

CDS:retinoid isomero 166 vV DL CNY VS V NG AT



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


Gene therapy restores vision to dogs blinded by inherited
disease, bringing new hope to childhood sufferers of similar

Aeovirre = =

A retinal fundus photograph of a Briard
dog with the inherited eye disease,
congenital stationary night blindness.

Mutations to the same gene in humans,

RPESS, cause Leber congenital amaurcsis,
beginning in childhood. But gene-therapy
experiments in Briards hold hope for
curing the disease in humans.

condition

Dogs blinded by an inherited retinal degenerative disease had
their vision restored after treatment with genes from healthy
dogs, marking the first successful gene therapy for blindness ina
large animal. The treatment offers hope for humans with a similar

condition.

The achievement, with yvoung dogs suffering from congenital
stationary night blindness, which is similar to a childhood disease
called Leber congenital amaurosis, is reported in the May 2001
issue of the journal Nature Genetics by Gregory M. Acland,
Gustavo D. Aguirre, Tharna Ray, Qi Zhang and Susan E. Pearce-
Kelling, all at the Cornell University College of Veterinary
Medicine; by Tomas 5. Aleman, Artur V. Cideciyan, Vibha Anand,
Yong Zeng, Albert M. Maguire, Samuel G. Jacobson and Jean
Bennett, all at the University of Pennsylvania; and by William W.

Hauswirth of the University of Florida, Gainesville.

“We have shown that gene therapy can restore vision in dogs with

one of the most clinically severe retinal degenerations,” says Acland, a

research veterinarian at Cornell’s Tames A. Baker Institute for Animal Health.
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First patient undergoes
revolutionary new gene
therapy procedure at
Manchester Royal Eye Hospital
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Why is genetic diagnosis important?

* Preventative measures (LQTS in NZ)

« Genetic counselling and testing of patients whanau
« 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.1lnews.co.nz/2024/05/06/fair-go-should-insurers-discriminate-based-on-genetic-

rofiles/,  Lam

Remember That DNA You Gave
23andMe?

The company is in trouble, and anyone who has spit into one of its test

tubes should be concerned.

By Kristen V. Brown

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/
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 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



Start of the coding sequence (ATG)

- At position 122 in

Click here:
https://www.ncbi.nlm.nih.gov/

nucleotide/XM 019812397.2

[y

61 ctgctcagat
121 gatgcctga
ggcagec
cgctggeag
gggcacgags
agtcatcget
agagcctgtg
481 actgacctcg

541 agcccccgat

601 ggatggcgag

661 cctcctgaaa

721 ggtgggccaa

781 tgagctgcac

841 caccaaggac

901 tggagacctg

961 gatcagtgac
1821 agacagtttc
1081 ggagatcctg
1141 caccgacctg
1281 cacagccttt
1261 gctgaccgtg
1321 gatccagatg
1381 catcagccag
1441 gtgcagcacc
1501 ccagctggtg
1561 ccaggtcaag
1621 gttcaagaag
1681 ggggcactac
1741 gaaaaagctg
1801 ggtgttcaag
1861 ggagctggtg
1921 cattgacgac

1981 ctgcaacctg
2041 agaacctccc
2181 ggctgggaac
2161 ttggcagaag
2221 ggaggatgcea
2281 gggecggetyg
2341 gaaggaagac
2401 caacctcaca
2461 tgtgggtgag
2521 agtcctggge

2641

ccteecttggg
ccggggaaga
agcagctctg
cggegeggegea
cacactctga
gectecteca
ccgggeectg
accactgagg
gectetggtg
gtgaccgecag
ccgeecacag
cacctgcage
attacagatg
aaatttgaca
gacctccgat
agccacgagg
cggaacctaa
cggecaggeat
cgeggeatge
cagaagaagc
gagctggeeg
agcggeagea
tgctegetgg
gagctgtteg
atggtgeggc
tggetgaagg
gacgggcaga
gecgetgegea
gaggtgtacc
tgtgaagtgt
cccgacagec

gtcacgectg

tcagecgaaac
aagatccacc
aagctacgcec
accctcacac
ggtgacagtg
cgggtggaga
gagggtgtct
gtcaaggtca
gactcctgea
tacatcctgg

aggcagataa gaaatcctgg ggaggeggeag

tggeetgtga
agccagtcte
ctgtgttega
gtgacatcag
cagtgcggga
aggtcaagtt
ctecetgecce
aggaaggagg
cctctgatga
gtggcagcat
tcaagtggtt
tgcacaacag
cccagactac
gctgeaactt
cagcttteeg
acgctggaac
gggacccgag
cceectecga
tcaagaggct
tggagcecge
accccgacge
agtacatctt
ccgatgacge
tcaaagagcc
agegggtega
atgggeteega
gacaccacct
ccagegeeee
agagcatcge
ccgatgagaa

gegtgaaggt

ccgacgaggc
tccattteat
tggactgece
tggatgtccc
agaacaaggt
acgagtgggt
ccaccaagga
acgttgtcac
tecgatgtgee
ccgtgeagtg
agcgcaagaa

2781 gccc%%ca%g cc!a!%ggcc cccccagtga

2761 agacaccacc
2821 tggctacagc
2881 gctgacagaa
2941 ccgtgtgegg
3001 gacggtgcag
3061 catccagagg
3661 cttcactcge
3721 tgctgtccgg
3781 agaagatgcc
3841 gacctgcccc
3901 acagtgtgag
3961 ggccaggtgc
4821 cgecttetge
4881 catcagtagg
4141 ctgagctccc
4201 ggtgactgeg
4261 agatcagtec

gtctcectea
gtggagtatt
cgcacctegt
gcgeacaata
gagatactgc
aaggtcggeeg
cctctggtga
ggtagcccca
cgcttccgea
tttgatggge
tgcegectag
cacaggatgc
tgctggatat
gcagtgcaat
actggaagct
gacaggcctt
getcacagge

agtggeggec
gccgggages
tgctggtgaa
tggeggggec
agcggeccacg
agcccgtgaa
accgctcagt
agcccaaggt
tgttcagcaa
gegtetatgt
aagtacgagt
cagcccatgt
gtgtgtgcaa
taaggtgagc
ctcaggtctt
tectggeetge
Elal

ggcececttat
ctgectcagat
agcctteage
ggccgagaca
cgccagtgac
cgtgggeccc
tgacctcaag
tactgagget
ctccccaagt
cceccategge
caccttctea
caagggcaag
ttacgaccgg
tttcgecaggt
cagtctcact
ccgeacgage
tctggattte
gctggaggceg
atatgagcge
caagggcatg
ctaccaggtg
cgaggtcaag
cgagtcegtg
ggcctaccag
cceegtgetg
gtttgagtge
gctgaccagg
catcatcaac
ccaggegetg
agacctgacc
cgtgegggge

gtcccacatt

ggactacagc

ggaggtcaag
gggcegtaag
tatctctggg
cccagcaggg
gtttgacaag
ccgecageatce
ggtgaagaac
agatcccccc
ggagecgect
gaagaagagc

gcccacccac
cccggagege
ctgeteggag
ggacctgecc
cggggeeecce
gctccaggtg
cctecteatt

cattgectggce
ttcetggttc
gcagggtgte
ctgecagggec
gcctcagtga
actgggagcc
gtgtgtatcet
gggectggee
tgggacaaat
catgtcttet

atagtgtggg gggacggste
cctggtgtga tctctctceaa
aagaagccaa ggtcagtgga
gagcggtcag gagtaaaggt
aagtatggcc tagcagccga
accgaccagg gaccctacgc
gtcatagaag cagagaaggc
cctggagget ccggagaage
cccaaagggt caagctcage
ctctttgtga tgegegccaca
geeegegtgg ceggegecag
tgggtggacc tgagcagcaa
accagcaagg tctacctgtt
ggctaccget gtgaggttte
gtccatgagg ccattggecc
ctggectggaa gtggteggceg
agctcgetge tgaagaagag
ccagccgagg aggacgtgtg
atcgeccttecc agcacggeat
aagcgagacg agaagaagag
agcaagggcc acaagatccg
tggctgaaga atggacagga
ggtgccaage geacgetgac
tgegtggtag geggggagaa
atcactcgge ccctggaaga
gaagtgtctg aggagggggc
gaggagacct tcaaataccg
gaggcgacge tggaggacge
gecgagetca tegttcagga
gtgggtgcaa aggaccaggce
gtgtggctga agaacgggaa
gggegagtecc acaaactgac
tttgtgcctg agggecttege
attgacttcg tgcccaggea
ccggatacca ttgtggttgt
gaccctgete ccactgtgat
ccatcectgg atgecccagg
aagctgetgt gtgagaccga
ttcactgtcg agggggcaga
ccegtgggeg aggaccaggt
gcggeeccca agatcageaa
gcctacgacg ggggacagece
ttccggtgga tgeggetgaa

2581 ctttgacCtg Cctgcaggagc Lgagccacga gEcacgeCgl algaligagg BCELEgLgta

ctggeegtgg aggatgtctce
gtgggageceg gaggettgga
tgggtagetg ccctggagegg
acgggggeee ggetgetett
atcgccacca aggagceccgt
ccccggeacc tgegecagac
cctttccagg gecaagececg

tacaatgcta ccctectgetg
aagaatggcc tggacctggg
ttgaccttgg agatcagaaa
accaacttac aaggcgaggce
tctggetgge tcccggagag
tggaaggaag ctggacaagc
tagggttggg ctagtggaag
ggctcggecac acggactgaa

gggtggtagg ctcagcaaat
caatgtataa gggcaataaa

MNucheolide

M mniar for 2 e

MNational Library of Medicine

Hucleobidn W

PREDICTED: Felis catus myeosin binding protein C3 (MYBPC3), transcript variant
X2, mRNA
HCBI| Heference Sequence: KM_D15512337 .2

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

>Wound Biopsy Sequence
ATCAGGCTACATCCTGGAGCG
CAAGAAGAAGAAGAGCTTCCG
GTGGATGTGGCTGAACTTTGA
CCTGCTGCAGGAGCTGAGCC
ACGAGGCACGGCGCATGATTG
AGGGCGTGGTGTATGAGATGC
GAGTCTACGCGGTCA



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

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

Maine Coon cat

N\M'“IHLabgenvet

Universitd de Montndal

cCOow HORSE - BLOG MORE -~ CONTINUING EDUCATION

Hypertrophic Cardiomyopathy (Maine Coon, Ragdoll types)

Gene: MYEPC3

Transmission Autosomal dominant

The animzl only has to have one copy of the mutation to be at risk of developing hypertrophic cardiomyopathy. Animals with two copies of the matation generally
hawe maore severe sympioms and an earlier onset of the disease than animals with just one copy of the mutation. Offspring are potentially at risk of developing the

digease if al least one parent camies the mutation.
Mutations

Maine Coon mutation: Substiution, MYBPC3 gene; c 81 G=C, p (A31P), exon2
Ragdoll cat

Ragdoll mutation Substitution, MYBPC3 gene; ¢ 2453 C>T, p (RE1EW)

Medical system: Cardiac

Bresds. Amencan Bobtail, Domestc Cat, Highland Lynx, Maine Coon, Munchikin, Pixie-bob, Ragamuffin, Ragdoll, Scotish Fold, Siberian
Age of onset of symptoms. By 4 years ol age.

Hypertrophic cardiomyopathy is the most common heart disease in cats. In this disease the heart muscle is enlarged and left ventricular walls are thickened and are
not dilated. Hypertrophic cardiomyopathy affects young cals as a genelic disease and older cats as a secondary disease to hyperthyroidism. At present, the
causative mutations are known for the Maine Coon and Ragdoll breeds of cat Homozygous animals, with two copies of the mutation in question, can develop a

more severe hypertrophic cardiomyopathy.

Mote that hypertrophic cardiomyopathy in the cat has complex genetics with a number of known gene mutations involved as well as unknown mutations yet to be

dentified. Characlenzed mulabons include.

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



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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