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 Launched in 2020 with 100 000 unique protein structures (Jumper et al., Nature 2020)

 Human proteome (98.5%) published in 2021 (Tunyasuvunakool et al., Nature 2021) => Method of the year 2021 
 Latest database release > 200 million entries

 Future developments: atomic scale modeling of interaction between proteins and nucleic acids



Froyen et al., Cancers 2019

4 million observed 
missense variants 

only 2% classified as 
benign/pathogenic

(Cheng et al., Science 2023)



 AlphaMissense: Combination of structural context and 
evolutionary conservation to predict pathogenicity

 Not trained on human classification => no human bias
 Incorporating structural context by using an AF-derived system
 Unsupervised protein language modeling to learn amino acid 

distribution depending on sequence context
 Fine-tuning on weak labels from population frequency data

89% classified
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AlphaMissense

 Validated on ~19 000 missense variants in ClinVar :
 auROC: 0,94

 Database of precomputed 71 million missense variants (5 Gb file)

 Only for single nucleotide variants (SNV)

 Indels: 22% of disease-associated mutations (Human Gene 
Mutation Database)

dots: ClinVar entries



 Dataset of 2222 missense variants from patients with hematological malignancies
 2073 predictions by AM (93.3%)
 AM uses UniProtKB annotation

 Group 1: Variants with clinical significance (n = 853)  
 Group 2: Variants of unknown clinical significance (n = 295)
 Group 3: Variants deemed benign of likely benign (n = 925)



0.83           0.40            0.18

80%

86%



 170 Group 1 variants classified as benign by AM
 122 with functional evidence for pathogenicity (including JAK2 V617F (93x), MPL, FLT3, UBA1, …)

• AM false negatives
 BRAF A762V reclassified as likely benign

 155 Group 3 variants classified as pathogenic by AM
 32 variants identified as polymorphisms (mAF > 0.1% but < 1%): mean allele frequency ~50%

• AM false positives
 11 variants documented in cBioPortal

• Current pipeline false negatives

 Available as online portal: https://alphamissense.calym.eu/index.php







Use of AI in microbiology

 Digital PCR:
 Perform PCR in thousands of partitions
 Count the number of positive partitions

 High Resolution Melting
 Post-PCR analyis
 Melt the DNA amplicon 

Digital PCR meets High Resolution Melting (HRM) 
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Use of AI in microbiology (Aralar et al., medRxiv 2023; Goshia et al., bioXriv 2023)
Digital PCR meets High Resolution Melting (HRM) 

 Fast and accurate diagnosis of bloodstream infection
 Blood culture: gold standard (~15h, but can take 

multiple days)

 Instrument: self-developed (see previous publications from 
this group)

 16S rDNA => database of melting curves for 11 bacterial 
species
 ML algorithm combining dynamic time warping and 

Euclidean distance
 Optimized image processing, melt curve preprocessing 

and machine learning pipeline 
• K-Means clustering to extract key clusters 
• k-Nearest Neighbour classifier to classify a test 

curve
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Digital PCR meets High Resolution Melting (HRM) 
Training the classifier

97% classification accuracy
> 146,000 training curves
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Digital PCR meets High Resolution Melting (HRM) 
Using real patient samples

U-dHRM
Exact quantification

100% correct species identification

Short TAT (6h)
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Illumina long read sequencing

 Tagmentation of long fragments on beads to normalize 
the fragment size and add barcodes

 Landmarked at single-molecule level by long-range 
PCR with dPTP to introduce unique mutations (Longas 
MorphoSeq approach)

     (repeats get mutated out of the DNA)

 2nd Tagmentation into sequencing-ready library wtih 
sample-specific barcodes

 Sequence short reads and combine land-marked 
fragments into long ‘reads’  N50 of 5-7 Kb



 Illumina Complete Long Reads can resolve highly polymorphic regions like the HLA-A gene. Uniform 
coverage in the HLA region enables accurate phasing of HLA alleles.

 A heterozygous 180 bp deletion in the SEMG1 gene is clearly detected by both Illumina Complete Long 
Reads and on-market long reads.

Applications of Illumina long read sequencing
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 Fast and accurate detection of pathogens is crucial (remember SARS-CoV-2)
 Protein-based diagnostics: easy to scale up, simple to use BUT rely on high quality antibody => take 

time
 Nucleic acid-based diagnostics: easier to develop, higher sensitivity and flexibility

 LAMP: loop-mediated isothermal amplification for simple implementation and scalability
 4-6 oligonucleotides targeting a region of interest + strand-displacing polymerase
 No need for thermocycler
 Detection by gel electrophoresis, fluorescent, turbidity or colorimetric methods => cost increases

depending on method used or risk of false positives

 DNA nanoballs: uses rolling-circle amplification, used for sequencing

Detection of clinical pathogens

/  22



 How to make DNA nanoballs from shorter LAMP 
fragments?
 (Use microbeads as external nucleation agents)
 Use oligonucleotides complementary to common 

region in amplicons to “staple” them together
• Oligo’s already present in LAMP reaction

 Microfluidic system to detect presence of DNA 
nanoballs

Detection of clinical pathogens
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Detection of clinical pathogens



4-well heating block
Power delivered by USB-C port
Store 16 protocols in memory

80 g
250 $



1459 € / 1799 € for basic/pro version
Bento Lab Devices



 Four colleagues in Seattle, WA (USA) test positive for SARS-CoV-2 at enrollment in a study to 
determine biomarkers predictive of SARS-CoV-2 symptoms

 High Ct-values N1 38.5 (range 32.5 – 42.8) and N2 39.3 (range 33.2 – 44.1)
 No known exposures to SARS-CoV-2, 10 days of isolation and no symptoms appearing
 No SARS-CoV-2 antibodies detected in plasma at enrollment or after 4 weeks of follow-up
 Persistently testing positive for multiple weeks

 Unable to detect regions of SARS-CoV-2 outside the nucleocapsid ?

 People worked in a biomedical lab and had worked with a plasmid vector in the month prior to 
enrollment
 PCR without RT step => positive
 PCR for AMP or KAN/NEO resistance genes => POS
 PCR for CMV promoter with codon-optimized sequence => POS in 2/5

• Sequencing confirmed identity as plasmid-derived

June 2020
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 Samples at enrollment were taken by participants but work with plasmids was completed before they
enrolled in the study & samples at follow-up were taken by study staff
 Low risk of sample contamination

 One household member of one of the participants also tested positive for the plasmid

 Samples remained positive for weeks 
 Plasmid present in nasal tissues
 E. coli with plasmid had colonized their noses
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Questions?
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