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The march of technology



• When I qualified in medicine in 1989 I was fascinated by 
genes and genomes, however at that time the field of 
genomics had relatively little to offer most patients

• Fast forward 30-odd years to today, and the advances in 
what we can do using genomic technologies in medical 
care and medical research are astounding, with 
technological developments still accelerating

Introduction



DNA

RNA

Protein

DNA makes up your ‘genes’ – 
all your DNA = your genome

RNA is an intermediate step – it is measured 
to see how much each gene is used

modified from www.science-explained.com

Your DNA code (your genes) is used as a 
template to build proteins in your cells



Minute differences between the DNA 
and RNA of your and my body defines 

our uniqueness

However, these differences can also 
cause disease



DNA

RNA

Protein

modified from www.science-explained.com

mutation, deletion, amplification...

changes in how 
genes are used

Your DNA code (your genes) is used as a 
template to build proteins in your cells



Progressive advances in genomic technologies: 
a genomics PhD in 1993



Progressive advances in genomic technologies: 
a genomics PhD in 2023

• DNA Whole Exome Sequencing
• 10x Linked Read Sequencing
• Targeted cfDNA Sequencing
• RNA Expression Arrays
• RNA Sequencing
• Methylation Analysis

Tamsin Robb



1977

Frederick Sanger - 
awarded two Nobel 
prizes, one for the 
sequencing of 
proteins, the other for 
the sequencing DNA

https://upload.wikimedia.org/wikipedia/commons/thumb/c/c0/History_of_sequencing_technology.jpg/1920px-History_of_sequencing_technology.jpg

The start of DNA sequencing technology



https://www.genome.gov/about-
genomics/educational-resources/fact-
sheets/human-genome-project

1997



http://www.genome.gov/Pages/Research/IntramuralResearch/DIRCalendar/CTGA2014/

1998“Next Generation” Sequencing



https://www.genome.gov/about-
genomics/educational-resources/fact-
sheets/human-genome-project

Robert Waterson, at the 2001 press conference announcing the 
publication of the draft sequence of the human genome



• The first three individual humans had their DNA sequenced in 2007-2009
•  Craig Venter, James Watson and Seong-Jin Kim

Barbujani and Pigliucci 
2013, Current Biology 23
 R185–R187

1,715,851

1,824,4821,736,340

Sequencing of Individual Humans 2008



The relentless advance of DNA sequencing technology

https://en.wikipedia.org/wiki/DNA_sequencer#/media/File:GA2.JPG    CC BY-SA 3.0



Konrad Förstner,   CC2, https://www.flickr.com/photos/konradfoerstner/21264667663

The relentless advance of DNA sequencing technology

https://www.flickr.com/photos/konradfoerstner/


http://www.extremetech.com/extreme/151086-minion-a-complete-dna-sequencer-on-a-usb-stick

The relentless advance of DNA sequencing technology





Spontaneous somatic mutations occur in normal 
tissues and non-cancer conditions

Potentially these mutations 
are generated by:
• Replicative aging & cell turnover 

in tissue
• Oxidative stress
• Inflammation
• Chemical or radiological 

mutagens …

2015



Clonal haematopoiesis of indeterminate potential 
(CHIP)

• CHIP is a blood stem cell “clone” carrying a 
somatic mutation in patients with no other 
haematological abnormality

• Accumulates with age (found in >10% of 
people >70 years)

• Commonly mutated genes are: DNMT3A, 
TET2, JAK2, ASXL1

• Case–control analyses showed that CHIP 
carriers have ~ 2 x  elevated risk of coronary 
heart disease
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Jaiswal et al. New England Journal of Medicine 2017 Vol. 377 Issue 2 Pages 111-121



• Distinct mutations in individual 
endometrial glands –> clonal 
expansion

• Genetically heterogeneous 
‘clumps’ of retrogradely 
menstruated endometrium

Suda et al., 2018, Cell Reports 24, 1777–1789 

Spontaneous somatic mutations occur in normal 
tissues and non-cancer conditions



2022



Spatial Genomics 2024



Machine Learning and AI are already critical research analysis tools

ChatGTPDeepVariant



Why do these technologies matter?
They mater because these advances in technology 

open a wider window onto disease biology

• Increased impact on current patient care
• Increased potential for today’s biobank-enabled research to 

enhance future patient care



Applying these technologies for patients



People and their whānau

Extensive 
personalised
information

Better scientific 
understanding 

of wellness and disease

Precise health care

Precision Medicine’s Clinical Delivery is 
Intimately Intertwined with Research

future improvement

current 
care



• “Within 20 years, 90% of all jobs 
in the NHS will require some 
element of digital skills” 

• “All staff will need digital and 
genomics literacy” 

Topol E. Preparing the healthcare workforce to deliver the digital future. An independent report on behalf of 
the Secretary of State for Health and Social Care Health Education England, 2019

Eric Topol’s NHS review – teams with new skills…



(A) The same treatment for all

adverse effects
beneficial 
response

costs but no 
benefit best possible response

best possible 
response

(B) Biomarker-guided individualised treatment

best possible 
response

pre-treatment testing ⇢
biological understanding ⇢

tretament planning

patient monitoring ⇢ biological 
understanding ⇢ tretament 

modification

The concept of Precision Medicine



Genomics examples



Molecular Tumour Boards: 
Team-based Clinical Decisions

0 5 10 15 20 25 30 35 40 45

Carboplatin/ 
Pemetrexed

(6 cycles)

Low volume 
progression

Erlotinib

Osimertinib/
Crizotinib

Peritoneal nodule biopsy –
FoundationOne CDx
EGFR p.L858R
BAP1 loss
MET Y1230H

Peritoneal 
progression

SABR to right 
superior pubic 

ramus. ZA.

CT chest – large L 
pleural effusion with 
left lower lobe 
primary

Osimertinib

Carboplatin/Paclitaxel/
Bevacizumab/
Atezolizumab

Axilla lymph node biopsy –
FoundationOne
EGFR p.L858R
BAP1 loss

(After initial good 
response)

Oligoprogression at pubic
bone/single peritoneal 

nodule

Months from diagnosis



The Auckland Molecular Screening and Therapeutics 
(MoST) program

• Opened in Auckland in 2022, adapting the master 
protocol to the needs of the NZ population

• Has recruited over 200 participants, over-recruiting 
Māori and Pacific people

• A potential platform for future decentralised trials

Michelle Wilson
Ben Lawrence



Gene seqencing of blood tests identifies the 
‘evolution’ of multiple metastatic tumours over time

Fitzgerald et. al.  Molecular Diagnosis & Therapy, 2023, 27(4), 537-550 

Sandra Fitzgerald
Parry Guilford



A ‘pharmacogenomics’ example

• About 2% of people have a set of specific differences in 
their DYPD gene

• If you have these differences and receive the common 
oncology drug 5-Flourouracil (5-FU), you have ~ 70% 
likelihood of toxicity

• In NZ ~ 1,500 patients per year receive 5-FU

• About 30 of these patients will have 
these DYPD differences, leading to ~20 NZ patients 
each year developing severe toxicity

• An inexpensive  genomic test can determine 
these DYPD differences, allowing medical oncologists 
to reduce the 5-FU toxicity

Palles et. al. Cancers. 2021; 13(7):1497



A personal example

• My own whole genome sequencing found a difference in my prothrombin gene that 
slightly increases my chance of deep venous thrombosis and pulmonary embolism

• I also have a family history of these disorders, therefore I take preventative measures



Genomics has impact outside of cancer of course



Surgical biomarker example: Gene seqencing to identify those patients with 
pancreatic neuroendocrine tumours who may not require aggressive surgery

Lawrence et. al., NPJ Genomic Medicine, 3,18; 2018 Ben Lawrence and the NETwork program participants



• OncoImmunology, 2018, 7(10), e1490854
• Frontiers in Immunology, 2020, 11, Art 57

Genomics providing a window into 
Tumour Immunology 

Lance Miller and Mik BLack



• Identify ‘presentable’ somatic 
mutations, given each patient’s HLA 
haplotype, using GATK RNA variant 
calling pipeline

• Infer T cell infiltration using ‘Cibersort’

Genomics providing a window into 
Endometriosis Immunology 
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Rachel Thomas, Daniel Hurley and Peter Tsai



SARS-CoV-2 genomics fin the COVID-19 pandemic 



Where to now?



Energy and focus is going 
into working out how to 

advance precision health in a 
relatively resource-

constrained environment



Crossing the canyon

NZ precision 
oncology 
in 2030

NZ 
precision 
oncology 
today

• What is happening currently 
• Throwing ropes across the canyon in the 

short-medium term to illustrate the promise

• Making a start on some foundations for the 
definitive bridge

• Enablers: 
• A potentially under-treated patient population
• Motivated clinicians, scientists, national agencies and 

industry
• Close Australian partnerships (clinical and research)
• Nationally joined-up health system and patient identifiers
• Clarity and vision from Māori leaders in this space
• 10+ years of work generating many of the building blocks 

• Dividends: 
• Clinical (patients/families) and Scientific (understanding)
• Equity and Economic



Examples of local infrastructrures, centres and programs



Examples of the scope of Precision Medicine activity in Auckland: 
Projects and Collaborations

The Leukaemia & Blood 
Cancer Research Unit 
Myeloid Gene Panel

MoST clincial trial
NETwork! Program
Population Health
Infectious disease 
Pharmacogenomics

Precision Medicine 

Liggins Institute
(Justin O’Sullivan’s 

presentation)

Metabolic disease 
programs focussed on 
Māori and Pacific whānau



• The rapid advances of genomic technologies used in today’s research 
underpins tomorrow’s clinical care

• This field really is moving at breakneck speed!

• Ongoing investment into research is needed to keep up with the 
clinically-relevant information these technologies produce

Summary



E hara taku toa i te toa takitahi, engari he toa takitini
(The greatest success comes from working together)




