
Kromek Group plc  NETPark, Thomas Wright Way,  Sedgefield,  UK       www.kromek.com

Want to find out more? Use this QR code to get in touch or download a digital copy of our event posters

Zoonotic and Engineered Pathogen ID from 
Metagenomic Reads
1) Motivation
The COVID-19 pandemic has shown that novel viruses with airborne transmission can have a catastrophic 
health, social and economic impact across the world. 

With tools for genetic modification becoming more widespread, it has been highlighted that the release of a 
novel viral pathogen is likely to be an attractive proposition for terrorists. 

Even without human-directed intent, the rapid spread of COVID-19, Monkeypox, and other zoonoses have 

shown how animal diseases of minimal concern can quickly mutate to cause disease on a societal scale.

2) Objective
We aim to combat the growing threat of gene-edited diseases and the persistent danger of zoonosis.

Bioinformaticians and machine learning engineers at Kromek are developing algorithms for the recognition of 
such novel pathogens, both naturally occurring and artificially manipulated.

This system aims to infer a range of characteristics directly from DNA contigs sequenced in the field.

3) A Neural Network Approach
We have developed neural net architectures which take in genomic reads with   realistic noise, and predict key 
threat characteristics associated with the parent genome including:

•  Pathogenicity to humans and other vertebrates
•  Likely symptoms and tissue tropisms
•  Interactions with animal hosts
•  Bio-safety level requirements

Figure 1 displays one of our leading architectures, DARCNet.

5) Early Results
Our system has now proven capable of characterising reads from hidden in-silico reads, under the application 
of realistic noise levels at a high rate of recall and   precision.

•  Across all traits for 12 unseen pathogenic species and 16 benign species, our model achieves balanced F1 
scores in excess of 93%, forming a solid    foundation for further decision algorithms. 

In Figure 3 we show the prediction distributions from DARCNet for a sample of key traits for viral and non-viral 
species. This demonstrates close model agreement with ground truth values.

6) Impact on defence and security
These models are designed for integration into the Kromek Automated Pathogen Scanner – Air Sequencing 
(KAPScan-AS) system. 

With these advances, KAPScan-AS will provide warning of those emergent and engineered threats which 
alignment-based methods cannot identify.

These characterisation tools will provide actionable intelligence to authorities in the event of an aerosol-vectored 
release of engineered or mutant pathogens, protecting the civilian and the warfighter.

4) Training Data Campaigns
We have developed techniques to create unlimited simulated reads from public and proprietary reference 
genomes. These training genomes are chosen to encapsulate the threats presented by both naturally mutated 
and artificially engineered  pathogens. 

To label these reads, we are compiling an extensive database of characteristics associated with >450 prokarya, 
eukarya and viruses.

•  Many of these characteristics, including host tissue tropisms and animal host associations, are not available 
in existing databases. Instead they require manual verification from the literature in virology and epidemiology.

•  Of the 23,562 labels now associated with our data, 6214 have required and undergone literature verification 
(see purple in Figure 2).

By training our models with this growing corpus of characteristics for a range of dangerous pathogens, our 
neural net is uniquely able to identify these hazardous traits in emerging and engineered species.

Figure 1: The novel architecture of the DNA and RNA Characterisation Network (DARCNet).
Figure 2: Our database contains several hundred genomes. For each genome, 49 labels are assigned. While many 
labels are obvious from taxonomy, many pathogen-associated labels require manual literature verification. Here we 

show the proportion of labels associated with each taxonomic realm, with those which require this verification in purple.

Figure 3: Sample results for unseen viruses species. Histograms show DARCNet confidences for 1000 noisy reads 
from each species (row), for each trait (column). Green backgrounds indicate positive (true) ground truths. Red 

backgrounds indicate negative (false) ground truths. Blue backgrounds indicate unknown ground truths.
Rightmost column shows predicted biosafety levels, with ground truth as the red line.
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