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Karakia
Tukua te wairua kia rere ki ngā 
taumata

Hai ārahi i ā tātou mahi
Me tā tātou whai i ngā tikanga a 
rātou mā

Kia mau kia ita
Kia kore ai e ngaro
Kia pupuri
Kia whakamaua

Kia tina! TINA! Hui e! TĀIKI E!

Allow one's spirit to exercise its potential

To guide us in our work as well as in our 

pursuit of our ancestral traditions

Take hold and preserve it

Ensure it is never lost

Hold fast.

Secure it.

Draw together! Affirm!



CB1.3 Essentials and Beyond: 
Teach Today and for Tomorrow

Demonstrate understanding of 
genetic variation in relation to an 

identified characteristic

Dr Wilda Laux
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CB 1.3 / AS 92022 Demonstrate understanding of genetic variation in 
relation to an identified characteristic

Genetic variation: 
What, why

Source = how: mutation, 
meiosis, fertilisation, small 
population size, different 
rates of survival, migration, 
non-random mating

Gene tracking methods:
Why: Genetic relationships 
(gene therapy, agriculture, 
species conservation…)

How: use genetic marker / 
specific DNA sequences to 
produce pedigree, 
phylogenetic tree





TODAY TOMORROW

Genetic variation How
When

Where

Source and nature of Genetic variation
For individuals/populations

Between individuals/populations
Determine relationships

Gene tracking methods How
When

Where

Level 1 Level 2-3

Gene expression

Genetic transfer

Human evolution

Speciation



TEACH CONCEPTS
Teach for Tomorrow

Contexts and Connect
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GENETICS GENOMICS

Individual genes

Passing down from parents to 

offspring (Punnett squares, 

pedigree, Mendelian principles)

Applications: medicine, 

agriculture, evolutionary biology

All genes (coding vs non-coding 

DNA, regulatory sequences)

and their interactions with each 

other and the environment (DNA 

sequencing, bioinformatics, 

comparative genomics)

Applications: agriculture, gene 

therapy, forensics, evolution, …)

COLLABORATION WITH UoA

GENETICS TO GENOMICS



CB1.3 Essentials and Beyond: Teach Today and for Tomorrow

https://www.youtube.com/watch?v=B_PQ8qYtUL0&t=75s 

Species live in communities within an ecosystem 

GENETICS

https://www.youtube.com/watch?v=B_PQ8qYtUL0&t=75s


CB1.3 Essentials and Beyond: 
Teach Today and for Tomorrow

Motivational video to introduce Biology
Atom to organism – organisms of choice (local curriculum), e.g., Tara iti, Gentoo 
penguin (BEANZ)
Living vs non-living (MRSGREN). Use chosen organism vs non-living. (Opportunity to 
do microscopy)
Classification systems in Biology (dichotomous keys, Taxonomy –apply to chosen 
organism) (L3)
Levels of organisation in an ecosystem (L3)
Relationships within the ecosystem (L3)
Adaptations of organisms (use chosen organism, adaptations to meet its niche) (L2, 
L3)
The wonders of DNA (karyotype, DNA, chromosome, gene, allele, base pairing rule)



CB1.3 Essentials and Beyond: 
Teach Today and for Tomorrow

The central dogma of Biology (DNA to protein, codon table)
Types of variation (inherited vs acquired)
Sources of variation (meiosis ( vs mitosis), fertilisation, mutation) in sexual reproduction (L2)
Looking through the Genbank database (L3)
Predict inheritance (Punnett squares)
Other sources of variation affecting populations: natural selection, genetic drift, migration, 
non random mating (L2, L3)
Pedigree charts (tracking through generations)

Use genetic information to compare sequences between species to make a phylogenetic 
tree
Gene tracking for different purposes, e.g., forensics, conservation, gene therapy…)



The story of life!

atom

molecule

cell

tissue

organ
organ system

organism

Photos from pixabay.com and unsplash.com

Dr Wilda Laux, 2024
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Local curriculum: 

use a local 

organism 

Practical: 

Microscopy

More on 

classification:

Dichotomous keys

Taxonomy

Use local 

organisms



The story of life!

organism population

community ecosystem

Photos from pixabay.com and unsplash.com

Dr Wilda Laux, 2024

Relationships within the ecosystem (use context of local curriculum)

Adaptations lead to changes in DNA which are inherited



DNA structure

DNA, gene, alleles, 
chromosome, trait, 

nucleotide
https://pixabay.com/illustrations/dna-genetics-molecule-biology-5695421/ 

https://pixabay.com/illustrations/dna-genetics-molecule-biology-5695421/


https://pixabay.com/vectors/genetics-chromosomes-rna-dna-156404/ 

Dr Wilda Laux, 2024

https://pixabay.com/vectors/genetics-chromosomes-rna-dna-156404/


Each species has different numbers of 
chromosomes

Photos from pixabaycom

Each human cell:
3.2 billions (3200 
millions) nucleotides 
(human genome)

DNA is about 2 m long

About 20 000 protein-
coding genes (1.5% of 
the entire genome)

Dr Wilda Laux, 2024

38

40 14

36 100



Nucleotide

Dr Wilda Laux, 2024

Nitrogenous base

Sugar = deoxyribose

phosphate



DNA to protein – the central dogma

Image from Gettyimages

protein

DNA

mRNA

tRNA

DNA

mRNA

protein

translation

transcription

Dr Wilda Laux, 2024



Gene 1

Exon 1 Intron 1 Exon 2 Exon 3Intron 2 Intron 3

promoter
DNA

DNA

Intron 1Exon 1 Exon 2 Intron 2 Exon 3 Intron 3 Pre mRNA

mRNA

Exon 1 Exon 2 Exon 3 protein

Gene - section of DNA
Genome – all genes 
contained in an organism

DNA

mRNA

protein

CAP+ ATG

+polyA tail at 3’ and CAP at 5’       transcription

splicing
translation

TAA/TGA/TAG+polyA tail

polyA tail 3’5’ CAP



Codon chart

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

5’ ACA CAT GAG TGC GCC ACC 3’   DNA

                                                                           

     RNA

                                                                           

   protein

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


Variations 

• Sources: (meiosis, fertilisation, mutation) in 
sexual reproduction

• Where do we store all the various genes we 
discover? 



Understanding 
gene versus 
genome and 
where their 
information is 
stored



Genbank

One book = Organism = genome
Complete set of genes in cell/organism

One page =  one gene

One chapter = one chromosome



https://www.ncbi.nlm.nih.gov/genbank/ 

https://www.ncbi.nlm.nih.gov/genbank/


Bank of variants’ data









Result of sequence alignment





Other sources of variations

Variations affecting populations: 

• natural selection, 

• genetic drift, 

• migration, 

• non-random mating 



CB 1.3 / AS 92022 Demonstrate understanding of genetic variation in 
relation to an identified characteristic

Genetic variation: 
What, why

Source = how: mutation, 
meiosis, fertilisation, small 
population size, different 
rates of survival, migration, 
non-random mating

Gene tracking methods:
Why: To identify genetic 
relationships (several 
contexts)
How: use genetic marker / 
specific DNA sequences to 
produce pedigree, 
phylogenetic tree, …



TRACKING genes and comparing genomes

• Forensics

• Genetic relationships (Pedigrees, Phylogenetic 
trees)

• Genetic testing/screening

• Gene therapy

• Precision medicine

• Conservation
CONTEXT



Genetic 
testing to 
beat 
cancer

• https://www.rnz.co.nz/programmes/what-if-
genomics-in-aotearoa/story/2018952807/what-if-we-
can-use-genetic-testing-to-beat-cancer 

https://www.rnz.co.nz/programmes/what-if-genomics-in-aotearoa/story/2018952807/what-if-we-can-use-genetic-testing-to-beat-cancer
https://www.rnz.co.nz/programmes/what-if-genomics-in-aotearoa/story/2018952807/what-if-we-can-use-genetic-testing-to-beat-cancer
https://www.rnz.co.nz/programmes/what-if-genomics-in-aotearoa/story/2018952807/what-if-we-can-use-genetic-testing-to-beat-cancer


GENE THERAPY

• Genomics - whole genome sequencing

• Normal vs variants

• Knowledge of variants – correct, replace, 
shutdown expression….

• Viral vectors vs CRISPR/Cas 9 system vs RNAi 
(RNA interference)





Gene therapy – Boston Children’s hospital

• https://www.childrenshospital.org/programs/gene-therapy-
program/fda-approved-gene-therapies 

https://www.childrenshospital.org/programs/gene-therapy-program 

https://www.childrenshospital.org/programs/gene-therapy-program/fda-approved-gene-therapies
https://www.childrenshospital.org/programs/gene-therapy-program/fda-approved-gene-therapies
https://www.childrenshospital.org/programs/gene-therapy-program


SICKLE CELL ANEMIA (SCA)

• Casgevy, a cell-based gene therapy, approved for the treatment 
of SCA in patients 12 y+ with recurrent vaso-occlusive crises. 

• First FDA-approved therapy utilizing CRISPR/Cas9 targeted 
genome editing technology. 

• Patients’ hematopoietic (blood) stem cells are modified by 
CRISPR/Cas9 technology (remove, add, replace). 

• Modified blood stem cells are transplanted back into the patient 
where they attach and multiply within the bone marrow and 
increase the production of fetal hemoglobin (HbF)

https://www.gov.uk/government/news/mhra-authorises-world-first-gene-therapy-that-aims-to-cure-sickle-cell-
disease-and-transfusion-dependent-thalassemia 

https://www.gov.uk/government/news/mhra-authorises-world-first-gene-therapy-that-aims-to-cure-sickle-cell-disease-and-transfusion-dependent-thalassemia
https://www.gov.uk/government/news/mhra-authorises-world-first-gene-therapy-that-aims-to-cure-sickle-cell-disease-and-transfusion-dependent-thalassemia


Facioscapulohumeral muscular dystrophy 
(FSHD)

• muscle-wasting disease

• Overexpression of DUX4 gene coding for human double 
homeobox 4 (DUX4) protein, toxic to muscle

• No currently approved therapy

• RNAi will knockdown translation of DUX4

https://www.auckland.ac.nz/en/news/
2024/07/01/First-person-gets-new-
gene-therapy.html 

https://www.auckland.ac.nz/en/news/2024/07/01/First-person-gets-new-gene-therapy.html
https://www.auckland.ac.nz/en/news/2024/07/01/First-person-gets-new-gene-therapy.html
https://www.auckland.ac.nz/en/news/2024/07/01/First-person-gets-new-gene-therapy.html


Phylogenetic trees

Diagram representing the evolutionary relationships among many 

species. It shows how different organisms are related through common 

ancestors and shows the branching patterns of evolution.

Generated using information, e.g., genetic information that is common 

and different between  species.

Classifies species into groups based on evolutionary relationships rather 

than physical characteristics

Generated using genetic, morphological or fossil evidence



Phylogenetic tree - terminology
ROOT: connects the original 
most common ancestor 
among all species

BRANCH: when root 
undergoes speciation

NODES: Points of common 
ancestors for the following 
branches

CLADE: groups of organisms 
believed to have come from a 
common ancestor

External 
node

Node

Branch

Clade

Root



Cladogram – simple version of a phylogenetic tree

Shows the branching order of species 

without necessarily indicating the 

exact timing of evolutionary events. 

Shows the relative recency of 

common ancestors and the 

emergence of traits.

Does not represent the actual time 

scale or the amount of evolutionary 

change.



The making of a cladogram

1. Make a table of characters, using the following key:

1 - shows that a species has the character under study

0  - shows that the species does not have the character under study

2. Use the principle of maximum parsimony to generate the 

simplest possible tree with the fewest number of evolutionary 

changes.



The making of a cladogram

3. Rearrange the table with the least common character at the 

top row and the most common character (oldest) at the bottom 

row.



The making of a cladogram

4. Start the tree with the most common character near the root 

and each new branch is the evolution of a new character. On the 

left, place the species with the least shared characters.



The making of a cladogram

Root = the most 

common character Each 

Branch = evolution of a 

new character

Left = species with the 

least shared characters

Right = species with the 
most shared characters

OP = opposable thumbs

A B C

Lungs

Fur

OP

A B C

Lungs

Fur

OP



To make a cladogram

1. Rearrange the table with the least common character at the 

top row and the most common character (oldest) at the bottom 

row.



To make a cladogram

2. Start the tree with the most common character near the root 

and each new branch is the evolution of a new character. On the 

left, place the species with the least shared characters.



Root = the most 

common character Each 

Branch = evolution of a 

new character

Left = species with the 

least shared characters

Right = species with the 
most shared characters

Making a cladogram

Rabbit Dog Cat

Fur

Canine

Retractable claws



TEACH CONCEPTS
Teach for Tomorrow

Contexts and Connect



https://www.rnz.co.nz/programmes/what-if-genomics-in-aotearoa 

https://www.rnz.co.nz/programmes/what-if-genomics-in-aotearoa


thank you

www.genomics-aotearoa.org.nz

Heather Cooper

Jayashree Panjabi

Debbie McCreath

Polona Le Quesne 

Stabej

Caroline Taripo-Keith

Nick Matzke
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