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Our collection is a significant resource holding 

living cultures of >1000 micro- and macro-

algae strains. The collection supports research 

and is accessed by industry, universities and 

researchers. 
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Toxin analysis:

- Genes

- Cell quotas

- Production

Full genome sequences

- Species identification

- Phylogenomics

- Automated genome assembly and 

annotation

Comparative genomics

Intraspecific diversity

Ecophysiology:

- Morphology

- Nutrients

- Light

- Temperature 

- CO2
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Diverse
• Interspecific and intraspecific

Plastic
• Phenotypic plasticity

• Resilient to disturbances

Adaptive
• Genome evolution

• Promotes speciation

Cyanobacteria Diversity

Willis & Woodhouse, 2020



Raphidiopsis raciborskii

• Freshwater

• Summer blooms

• Filamentous

• Coiled and straight trichomes

• ± toxins

• Nitrogen fixing

• Small genomes: ~3.5 Mbp

Raphidiopsis raciborskii CS-506



Living strains in collection

• Cyanobacteria are continually adapting to their conditions.
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Culture History: R. raciborskii CS-506

ANACC

Griffith UNSW Monash

A B C D

1: genome sequenced 2010

1999

 Received at ANACC

1996

 Isolated from Solomon Dam 

(Martin Saker)

2009

 ANACC to Griffith Uni

 2010 transferred to UNSW        

and Monash Uni

2014

 Monash to Griffith Uni

2016

 ANACC to Griffith Uni

2019

 Current cultures

N-fix lost

2: genomes sequenced 2019



Culture History: 2018 - present

• Four sister strains

2018 2019 2020 2021 2022 2023

Cold

High Light

Control

Long read: control

Short read: control + cold + HL

Transcriptome: control + cold + HL

Epigenome: control + cold + HL

Control: 

Temp: 25°C, 

Light: 10 µMol photons m-2 s-1

High Light

Temp: 25°C, 

Light: 50 µMol photons m-2 s-1

Cold

Temp: 20°C, 

Light: 10 µMol photons m-2 s-1



2018: morphology
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Willis et al, 2020 Applied Phycology



Genetic Drift

Variable+SNPs = 249 genes (8%)

• 92% = hypothetical protein

• CRISPR-Cmr

• Iron sulfur cluster regulator

• High-affinity carbon uptake

• Phospholipid ABC 

transporter

SNPs = 536 genes (17%)

• 55% = hypothetical protein

• 28 unknown function

• Transposase, mobile 

element, CRISPR

• Carbon dioxide concentrating 

mechanism

• Polyketide synthase

CORE = 3213 genes

• 33% = hypothetical protein

• Toxin biosynthesis cluster

• Nitrogen fixation

• Carbon metabolism

Euclidean distance

75%

17%

7% 1%

Genome comparison 

CORE COREwSNPs Variable VariablewSNPs

Willis et al, 2020 Applied Phycology



2018 - 2022

• Core genes 2673

• Shell genes 545

• Total genes 3387

Control: 

Temp: 25°C, 

Light: 10 µMol photons m-2 s-1

variable genome of 2018-2023 strains

Gene presence/absence heatmap



2018 – 2023: toxin per cell
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toxin cell quota

2023: High Light, Cold (12 months)
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• Core genes 2713

• Shell genes 604

• Total genes 3317

Genome changes: 2023

variable genome of 2023 strains

Gene presence/absence heatmap



2023: long-read sequence

• CYN gene cluster: identical between strains
• Core genes 3293

• Shell genes 615

• Total genes 3908



Conclusion

• No link to toxin cell quota from 
genome

• Stable core genome

• High genome variability

• Cannot predict phenotype from 
genotype (yet)

• Genomes provide useful 
overview of physiological 
features

• Less useful on fine scale intraspecific 
diversity. 
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Raphidiopsis variable genome of 80 global strains

Gene presence/absence heatmap
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Thank you

Environomics Future Science Platform

Advanced Engineering Biology Future Science Platform
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