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• Digitising

• Genome sequencing   =   Digitising the entire blueprint of life
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• BUT: Whole genome alone cannot account for the phenotype
• Influence of environment

• Gene expression patterns

• DNA methylation

• Small interfering RNA (siRNA): Gene silencing
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• Most collection specimens still contain their entire genome
• DNA degrades over time

RAPIDLY SLOWLY

Breaks in DNA strand: Deamination of bases:
Short fragments Sequencing errors
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Example: Helicoverpa armigera and H. prepodes
• H. armigera, the most damaging agricultural pest in Australia

– Recorded from more than 200 host plants

– Highly abundant in Australia

– genome sequenced by CSIRO and collaborators

• H. prepodes, a very rarely collected native species

– No fresh samples available for genome sequencing

– 3% CO1 divergence to H. armigera and all other Helicoverpa spp.

• Pilot study to sequence genomes from collection specimens

– 50-100 years old: DNA strongly fragmented (25-50bp)

– About 90% success mapping reads against reference genome for both spp.
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Whole genome (re-)sequencing is possible, 
but tedious and requires similar reference genome

H. prepodes

CBA-funded



• Stabilise nomenclature
e.g., Drosophila Fallén, 1823 is a junior synonym of Oinopota Kirby & Spence, 1815

• Sequence type specimens

• Identify large quantities of samples

• Build phylogenies : Evolutionary, predictive frameworks

• Assess genetic diversity: Conservation

• Screen for resistance genes and trace their development over time

• Screen digitised geno- and phenotypes for patterns
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• Selective target enrichment through PCR amplification
• A pair of specific primers binds to DNA

• Fragment between primers gets amplified and sequenced

• Requires template DNA fragments that are longer than target

– Not suitable for highly degraded DNA

– Typically works only with “recent” specimens <15 years old

• If all goes well: $15 / sample and gene
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• Paul Hebert and team (Biodiversity Institute of Ontario, CANADA)

• Two visits, 5 weeks each, 5 people each: 28,000 samples

• Processing pipeline

• Sequencing in Canada
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• 28,000 samples of 8,000 named species in 10 weeks
• 80% of named fauna

• Continent-wide coverage

• CO1 reference library

• Discovery of cryptic species, e.g.,
Plutella australiana

• Some well-known limitations
• Single gene !!!

• Mitochondrial, maternally inherited,
Wolbachia influence, NUMTs, ...
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Sampling 28,000 specimens / 8,000 species in a collection
during a short period (10 weeks) is feasible!



• Transcriptome =  RNA transcripts of all “active” genes

• Sequencing of 600 transcriptomes from fresh Australian insects
• moths (Lepidoptera)

• beetles (Coleoptera)

• flies (Diptera)

• Lepidoptera
• 10,000 named, and as many unnamed, species in Australia

• Use morphology-based classification and CO1 barcodes for guidance:
Sample as divergent lineages as possible

Advancing Collection Genomics  |  Andreas Zwick, Beth Mantle

Rapid digitisation of partial genomes
Current large-scale project in ANIC – transcriptomes of insects

10 |



• Huge genomic resource for higher phylogenomics
• Family- and superfamily level

• 600 samples  x  ~15,000 genes, based on 1,800,000,000bp

• 1KITE project unravelled 
evolution of insects 
(Misof et al. 2014. Science)
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• Target enrichment for 700 genes with hybridisation probes
• Transcriptomes are used to identify gene targets

• Transcriptomes provide templates to synthesize probes

• Matching sample DNA fragments bind to probes 
(10-15% divergence OK)

• Suitable for old collection specimens:

– No specific primers

– No need for large fragments

– No need for clean samples

• < $100 / sample and 700 genes
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• Ideal first test case: Extracts from BOLD barcoding campaign
• Direct comparison of single- and multi-gene barcoding

• Labour-intense physical sampling and documenting already done

• No further physical damage to 28,000 samples

Advancing Collection Genomics  |  Andreas Zwick, Beth Mantle

Rapid digitisation of partial genomes
Next large-scale project in ANIC – multi-gene next-gen barcoding

13 |



12,000,000 specimens in ANIC

Degrading DNA samples

Dwindling human resources

Demand for genomic data

Advancing Collection Genomics  |  Andreas Zwick, Beth Mantle

Advancing Collection Genomics
A straight-forward road for the ANIC

14 |

CO1 barcoding

Novel Transcriptomes

Hybrid probes

Genome resequencing



Australian National Insect Collection
Andreas Zwick

t +61 2 6246 4289
e andreas.zwick@csiro.au
w www.csiro.au/en/Research/Collections/ANIC

National Research Collections Australia
Beth Mantle

t +61 2 6246 4281
E beth.mantle@csiro.au
w www.csiro.au/en/Research/Collections

NATIONAL RESEARCH COLLECTIONS AUSTRALIA

Thank you


