












Friedensohn et al., Convergent selection by deep learning 

 15 

 
Figure 2. Identification and characterization of convergent antigen-associated sequences. 
a, Ten-dimensional latent space of two antibody repertoires visualized by principal component analysis (PCA). 
Blue and red dots indicate sequences belonging to one OVA (2C) and RSV-F (2C) repertoire, respectively. 
Enlarged area highlights two learned clusters only containing sequences specific to one repertoire and their 
respective sequence motifs. b, Antibody repertoires are transformed into vectors based on the learned 
sequence clusters in latent space. Recoded vectors are used as input for a linear support vector machine 
(SVM) classifier of antigen exposure. Confusion matrices show the aggregated prediction results of each 
model during 5-fold cross-validation using the cluster labels and raw sequences as features. c, Heatmap 
contains all predictive and convergent sequence clusters for each cohort. Dashed red line indicates mice that 
only received the primary immunization. d, Example sequence logos of convergent clusters found in each 
antigen cohort. 
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Figure 3. Convergent clusters contain antigen-specific antibodies.   
a, Dose-dependent absorbance curves of supernatant prepared from hybridoma cells expressing antibodies 
with convergent variable heavy (VH) chain pools for each antigen. b, Flow cytometry histograms of six 
monoclonal cell populations each utilizing a different convergent OVA-associated or RSV-F associated VH. 
Grey histograms represent negative controls, colored histograms show the convergent antibodies. c, Flow 
cytometry histograms of 12 monoclonal cell populations of convergent variants (CV), which use a different VH 
sequence from the same cluster as RSV3. d, Table shows the CDRH3s of the selected CVs and the RSV-F 
immunized mouse repertoire in which they were found. Red letters indicate differences to the initially 
discovered sequence RSV3 sequence. e, Scatterplot shows the frequency-rank distributions per mouse 
repertoire of CVs from RSV3 cluster. Red dots highlight VH confirmed to be binding in c. e, Pie charts show 
the nine most utilized V-gene germlines in convergent clones for both RSV-F and OVA. 
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Figure 4. Deep generative modelling and in silico antibody sequence generation. 
a, Schematic deep generative modeling of antibody sequence space: a cluster is either chosen or randomly 
sampled and based on the parameters chosen, a random sample is drawn from a multivariate normal 
distribution. The encoder then translates the encoding into a multivariate multinomial distribution from which 
a novel sequence is sampled. b, Scatter plot shows the two latent naturally occurring variants, yellow dots 
show the ten most frequently in-silico sampled encodings that were confirmed to be binding antibodies. The 
table on the right shows their CDRH3 sequence and its count after 1’000’000 samples. Red letters indicate 
differences to the initial biological sequence (RSV3, shown in black). 
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