
UDSMProt: universal deep 
sequence models for protein 
classification
Tomáš Pavlík

#IV105 | UDSMProt: universal deep sequence models for protein classification 1



In this presentation…

● Motivation and background

● Used algorithms

● Results

● Discussion
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Our goal
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SQ   SEQUENCE   854 AA;  97802 MW;  D7B4A3A95E2E8C3B CRC64;
 CLDCEKMAAL HCALYCGQGA QFLEAQIIQW ISENVSACHS
 SNMDKLLPHS SVLTWNTEIP    GITLVTEDIA LPLMKVLSFK
 HYNNSVVRRE WHNLISEEKT   GKRRSAAYVR NILDNAVKVI
 SHQRLLMGLM VSELKDHFLR   HLQGVEKKKI EQMVLDYISK
 WVLHFNSRGS AAEFAVFHIM   TRILEATNSL FLPLPPGFHT

post-translational modifications, interactions, expression… 

https://www.uniprot.org/uniprotkb/A4D1B5/entry
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The bottleneck
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https://bigomics.ch/blog/the-current-bottleneck-in-omics-data-analysis/
https://www.ebi.ac.uk/uniprot/TrEMBLstats
https://web.expasy.org/docs/relnotes/relstat.html
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The way we used to analyse
Primary sequence similarity

Hand-crafted features

Experiments

…
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O(n)

inaccurate

manpower
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Out-of-the-box idea?
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Google stock images
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The language of genome
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Dvanásti sokoli, sokolovia Tatier,
akoby ich bola mala jedna mater;
jedna mater mala, v mlieku kúpavala,
zlatým povojníčkom bola povíjala.

To sa chlapci, to sa jak oltárne sviece,
keď idú po háji, celý sa trbliece.

SQ   SEQUENCE   854 AA;  97802 MW;  
 CLDCEKMAAL HCALYCGQGA QFLEAQIIQW 
 SNMDKLLPHS SVLTWNTEIP    GITLVTEDIA 
 HYNNSVVRRE WHNLISEEKT   GKRRSAAYVR 
 SHQRLLMGLM VSELKDHFLR   HLQGVEKKKI 
 WVLHFNSRGS AAEFAVFHIM   TRILEATNSL

https://www.gjar-po.sk/~natalia.krajnakova2b/skola/r1/jan%20botto-smrt%20janosikova.pdf

http://progress_bar_id


The language of genome
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Dvanásti sokoli, sokolovia Tatier,
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jedna mater mala, v mlieku kúpavala,
zlatým povojníčkom bola povíjala.

To sa chlapci, to sa jak oltárne sviece,
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https://en.wikipedia.org/wiki/Protein_domain#/media/File:Pyruvate_kinase_protein_domains.png
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The language of genome
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The language of genome
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https://www.gjar-po.sk/~natalia.krajnakova2b/skola/r1/jan%20botto-smrt%20janosikova.pdf

global protein classification tasks

protein annotation tasks

text classification tasks

text annotation
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The language of genome
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https://www.gjar-po.sk/~natalia.krajnakova2b/skola/r1/jan%20botto-smrt%20janosikova.pdf

grammar?
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The language of genome
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https://amitness.com/2020/05/self-supervised-learning-nlp/
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NLP | Self-supervised learning
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https://amitness.com/2020/05/self-supervised-learning-nlp/
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NLP | Self-supervised learning
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https://amitness.com/2020/05/self-supervised-learning-nlp/
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NLP | Self-supervised learning
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https://amitness.com/2020/05/self-supervised-learning-nlp/
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UDSMProt
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https://github.com/nstrodt/UDSMProt
https://academic.oup.com/bioinformatics/article/36/8/2401/5698270?login=false
http://progress_bar_id


UDSMProt
Universal deep sequence model

pre-training: Swiss-Prot
fine-tuning: specific tasks

Benchmarked tasks:
enzyme class prediction
gene ontology prediction
remote homology, fold detection
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Self-supervised pre-training | How-to?
Autoregressive language

modeling
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Autoencoding
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Self-supervised pre-training | How-to?
Autoregressive language

modeling

less resources
faster
less data needed

… less accurate
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Autoencoding

way more resources
significantly slower
markedly more data

better! but not by much
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The model
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google images
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… simplified
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<start>        AA1         AA2            …            AAn-1        AAn

dr
op

ou
ts

Back propagation
through time
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… simplified
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… simplified
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swissprot
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… simplified
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google stock
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… simplified
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Unfreeze
Decrease learning rate

task-specific data
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… simplified
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result

Swiss-Prot pre-training

context direction

fine-tuning

average

resulting models

google images
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… simplified
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The baseline model

● Best state-of-the-art methods

● PSSMs (motifs)
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https://en.wikipedia.org/wiki/Position_weight_matrix
https://www.researchgate.net/publication/345667774_A_survey_on_deep_learning_in_DNARNA_motif_mining
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The baseline model
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https://www.researchgate.net/publication/354444464_Protein_active_site_prediction_for_early_drug_discovery_and_designing
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Results
Tasks:

Language modelling

Enzyme class prediction

Gene ontology

Remote homology and fold detection
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Language modeling

The problem of similarity threshold 

Next character accuracy on
random split: .409
cluster-based split: .244

random guessing: .04

… still not a problem
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Enzyme class prediction
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https://www.youtube.com/watch?v=8yO1XEzoVIE

not an enzyme

Level 0

Level 1 Level 2
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Enzyme class prediction
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Enzyme class prediction
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Dataset Best Accuracy

EC40 0 Baseline 0,92

EC40 1 UDSMProt 0,87

EC40 2 UDSMProt 0,84

EC50 0 UDSMProt 0,96

EC50 1 UDSMProt 0,97

EC50 2 UDSMProt 0,95
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Enzyme class prediction
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Training dataset size
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Gene Ontology prediction

Cellular Components (CCOs)

Molecular Functions (MFOs)

Biological Processes (BPOs)
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Gene Ontology prediction

Cellular Components (CCOs)

Molecular Functions (MFOs)

Biological Processes (BPOs)
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https://www.researchgate.net/publication/261187744_Expression_analysis_of_serum_microRNAs_in_i
diopathic_pulmonary_fibrosis
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Gene Ontology prediction

Cellular Components (CCOs)

Molecular Functions (MFOs)

Biological Processes (BPOs)
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https://www.researchgate.net/publication/261187744_Expression_analysis_of_serum_microRNAs_in_i
diopathic_pulmonary_fibrosis
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Gene Ontology prediction

Cellular Components (CCOs)

Molecular Functions (MFOs)

Biological Processes (BPOs)
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https://www.researchgate.net/publication/261187744_Expression_analysis_of_serum_microRNAs_in_i
diopathic_pulmonary_fibrosis

http://progress_bar_id


Gene Ontology prediction
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Fmax, Smin, AUPR
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https://www.researchgate.net/publication/261187744_Expression_analysis_of_serum_microRNAs_in_idiopathic_pulmonary_fibrosis
https://www.pinterest.co.uk/pin/692991461400478556/
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Gene Ontology prediction
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Evaluation Classification Best Model

Fmax MFO DiamondScore
Fmax BPO DiamondScore
Fmax CCO UDSMProt
Smin MFO DiamondScore
Smin BPO DiamondScore
Smin CCO DeepGO
AUPR MFO UDSMProt
AUPR BPO UDSMProt
AUPR CCO UDSMProt

http://progress_bar_id


Gene Ontology prediction
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Fmax BPO DiamondScore
Fmax CCO UDSMProt
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Smin BPO DiamondScore
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AUPR MFO UDSMProt
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Remote Homology and Fold detection
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https://scop.berkeley.edu/help/ver=1.69

Homologous Remote Homologous
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Remote Homology and Fold detection
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https://www.science.org/content/article/game-has-changed-ai-triumphs-solving-protein-structures
https://frontlinegenomics.com/alphafold-2-protein-structure-prediction-software-for-all/

Our protein Reference protein

Same superfamily?
Same fold?
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Remote Homology and Fold detection
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Remote Homology and Fold detection
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Task Best

Superfamily AUC UDSMProt

Superfamily AUC50 UDSMProt

Fold AUC UDSMProt

Fold AUC50 UDSMProt
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Explainable ML

49

http://progress_bar_id


Explainable ML
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Authors’ notes
Problem-specific architectures are less important than training

Redundant sequences are important

Bidirectional context is important

Leveraging large amounts of unlabeled data shows promising 
results
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Thank you for your attention!
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