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Do you know this famous person?

10 March 2021 google doodle



Goh Lean Tuck (Wu Lien The, 伍連德)

10 March 2021 google doodle

http://wulientehsociety.org

• Invented face mask
• Prevented a plague
• In 1910!

•Father of modern medicine
• Malaysians are innovative!



• How to deal with text and image data?
• Case study in medical imaging

• Where does data come from?
• Case study in genome biology

• What is data?

How AI is changing discovery



A fake HR database



Data in numerical format

binary ordered
category postcode



Data in numerical format



Predict salary given age

Age
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• Machine Learning is about prediction
• Examples/covariates/features
• Labels/annotations/target variable

Predictor

• Estimate the best predictor = training
• No mechanistic model of the phenomenon
• There are many examples
• The outcomes (labels) are well defined (usually binary)         

What is Machine Learning?
Machine Learning is about prediction

mml-book.com



Global megatrends in data and AI

https://www.csiro.au/en/research/technology-space/data/our-future-world



Who we are

Australia’s national science agency

We delivered 
$7.6 billion of 
benefit to the 
nation in FY21

State-of-the-art 
national research  

infrastructure

5,200+ dedicated 
people working 
across 58 sites 

globally

One of the world’s largest 
multidisciplinary science 

and technology 
organisations



30 postdoc researchers
10 senior scientists

1 vision

Machine learning for 
scientific discovery

MLAI Future Science Platform
How to use prediction to help perform scientific discovery?



How to deal with text and 
image data?



Why is Medical Image Analysis Important?



Radiologists’ diagnostic accuracy 
drops by 4% after 8 hours



• Medical diagnosis relies on expert interpretation of images and text

Text and image data: chest x-rays

Radiologist’s report
As compared to the previous radiograph, the known left-
sided effusion is unchanged.  The effusion is restricted to 
the left lung base and to the left sinus.  There is 
subsequent atelectasis at the left lung base. The well 
inflated lung parenchyma shows no evidence of 
pneumonia.  However, presence of pneumonia in the 
atelectatic lung regions cannot be excluded. Borderline 
size of the cardiac silhouette.  No pulmonary edema.  At 
the right lower aspect of the trachea, a calcified lymph 
node might be present.

How to convert to numerical data?



Popular science 
Large Language Models

• Deep learning for representing text
• Natural language processing tasks
• Text generation
• Safety and equality

https://openai.com/blog/gpt-3-apps/
https://hai.stanford.edu/news/how-large-language-models-will-
transform-science-society-and-ai
https://faculty.washington.edu/ebender/stochasticparrots.html



• Domain specific words
• Acronyms
• Errors and typos

Medical reports have specific language



• Deep learning for representing 
images

• Object detection
• Artistic generation
• Robustness and attribution

https://www.craiyon.com/
https://stability.ai/blog/stable-diffusion-public-release
https://openai.com/dall-e-2/

Popular science   
Image generation



• Object of interest not in the middle
• Detect deviation from normal

Medical images have specific properties

A humeral fracture CXRA (cute) puppy



ImageCLEF 2021 and 2022 
medical imaging competitions

2021:
• Medical Image Captioning: 3rd place

2022:
• Medical Image Captioning: 3rd place
• Medical Image Concept Detection: 

3rd place
• Tuberculosis Caverns Detection: 1st

place

CSIRO at ImageCLEF medical Caption 2022
http://ceur-ws.org/Vol-3180/paper-109.pdf

https://www.imageclef.org/

Aaron Nicolson Leo Lebrat



Data lifecycle

1. Can I load your data using pandas or numpy? 
2. Confounders, missing values, scale, units, encoding 
3. Define the problem you want to answer:

– The business/scientific problem
– The performance metric
– The model for the predictor 

4. Run sklearn or statsmodels (machine 
learning part) 
Do not train on the test set.

5. Convert predictions into human friendly form for 
decision making 



Where does data come from?



Adaptive design
• Genomic sequencing revolution

• Fast and cheap
• Portable

• Biological factories
• Drug design
• Alternative foods 

Which genome should we grow?



Design Ribosome Binding Site (RBS)
sequences

What’s the objective?

Optimize the protein expression level.

RBS sequence Normalized* Protein
Expression Level

TTTAAGAGTTATATATACAT 1.58

TTTAAGAATATGCTATACAT 1.42

TTTAAGACTCGGATATACAT 0.14

TTTAAGAGTTTTTTATACAT 2.88

* zero mean and unit variance normalization 𝑧𝑧 = 𝑥𝑥−𝜇𝜇
𝜎𝜎

Core part (design space): 46 = 4096 possibilities in total



Practical challenge
How do we perform lots of TIR measurements (within budget)?
• 6 positions, 4 bases per position = 4096
• Likely that many RBS sequences give low

translation rates

• Want to only try a small fraction
• Sequences very similar to consensus likely to perform well, 

but worse than consensus
• Interesting to consider drastically different core RBS sequence

High throughput experiments needed



• Working definition of ‘synthetic biology’: 
The design and construction of DNA-encoded parts, 
devices, machines, and organisms; and their 
application for useful purposes.

• Experimental science domains
• Integrative Biological Modelling
• Engineering Novel Biological Components
• Assembling Novel Biosystems

• Application areas
• Mosquito borne diseases
• Bacterial biofilms
• Chemical synthesis using yeast

MLAI augmented SynBio

https://research.csiro.au/synthetic-biology-fsp Janet Reid

Claudia Vickers

Alison Rice



• Each option has a measurable outcome
• Efficacy of drug
• Amount of protein

• Study conditions limit the precision we can measure

• Multi armed bandits
• Maximise outcomes
• Trade of exploration and exploitation

Still too many options to try!



Algorithms

1. A (Bayesian) regression
algorithm which predicts both

– Mean
– Uncertainty

2. An online/batch algorithm which
recommends sequences to design

Gaussian Process Regression
(aka Kriging)

Multiarmed Bandits Algorithms:
Upper Confidence Bound

LEARN

DESIGN

Maciej Holowko, L&WMengyan Zhang, ANU
Huw Hayman 
Zumpe, SynBio



AI recommends good designs

• Hard to search by 
evolving sequences

• 4 experimental cycles
• 35% stronger than 

engineered sequence

Zhang, Holowko, Hayman Zumpe, and Ong, 
Machine learning guided design for ribosome binding site.
ACS Synthetic Biology, 2022



Exploration-Exploitation Trade-off

• Exploration: unknown (untested) RBS design 
space with potentially high label 

• Exploitation: querying areas that are predicted
to give relatively high labels.

4

Which genome should we grow?



• Scientific discovery has two phases
• Observation
• Experimentation

• Observation:
Converts data to knowledge

• Experiments:
Use knowledge to measure better data

AI for Scientific Discovery
How to use prediction to help perform scientific discovery?
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https://research.csiro.au/mlai-fsp/

• What is data?
• Medical diagnostics

• Text and images
• Genome biology

• Design of DNA sequences

https://research.csiro.au/mlai-fsp/
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