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LIENS D'INTÉRÊT - Pierre Sujobert

§ AstraZeneca : financement d’un programme de recherche (2020-22)
§ Gilead/Kyte : conférences rémunérées, participation à un board (2017-

2023)
§ Janssen-Cilag : financement d’un programme de recherche (2017-19), 

participation à un « board » (2017-22)
§ Astellas : participation à un board, conférences rémunérées (2020-21)
§ Kephren : conférences rémunérées (2019, 2021)
§ Celgene : conférences rémunérées (2016, 2017, 2021)
§ Daiichi Sankyo : participation à un board (2019-20)
§ Sandoz : conférence rémunérée (2018-19)
§ Abbvie : conférence rémunérée (2017, 2022)
§ Servier : financement d’un programme de recherche (2023-26)
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URLs

§ MobiDetails https://mobidetails.iurc.montp.inserm.fr/MD/ 
(google mobidetails)

§ alphaFold EBI https://alphafold.com
(google alphafold)

§ MIZTLI https://miztli.biokerden.eu/
(google miztli biokerden)
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AlphaMissense: Sur les 71 millions de variants missense possibles, 
4 millions ont été observés, parmi lesquels 97,5 % de VUS…

RESEARCH ARTICLE SUMMARY
◥

MACHINE LEARNING

Accurate proteome-wide missense variant effect
prediction with AlphaMissense
Jun Cheng*, Guido Novati, Joshua Pan†, Clare Bycroft†, Akvilė Žemgulytė†, Taylor Applebaum†,
Alexander Pritzel, Lai Hong Wong, Michal Zielinski, Tobias Sargeant, Rosalia G. Schneider,
Andrew W. Senior, John Jumper, Demis Hassabis, Pushmeet Kohli*, Žiga Avsec*

INTRODUCTION: Genome sequencing has re-
vealed extensive genetic variation in human
populations. Missense variants are genetic var-
iants that alter the amino acid sequence of pro-
teins. Pathogenic missense variants disrupt
protein function and reduce organismal fitness,
while benignmissense variants have limited effect.

RATIONALE: Classifying these variants is an
important ongoing challenge in human genet-
ics. Of more than 4 million observed missense

variants, only an estimated 2% have been
clinically classified as pathogenic or benign,
while the vast majority of them are of un-
known clinical significance. This limits the
diagnosis of rare diseases, as well as the de-
velopment or application of clinical treatments
that target the underlying genetic cause.
Machine learning approaches could close the
variant interpretation gap by exploiting pat-
terns in biological data to predict the patho-
genicity of unannotated variants. Specifically,

AlphaFold, which accurately predicts protein
structure from protein sequence, may be used
as a foundation to predict the pathogenicity of
variants on proteins.

RESULTS:WedevelopedAlphaMissense to lever-
age advances onmultiple fronts: (i) unsupervised
protein language modeling to learn amino
acid distributions conditioned on sequence
context; (ii) incorporating structural context
by using an AlphaFold-derived system; and
(iii) fine-tuning on weak labels from popula-
tion frequency data, thereby avoiding bias from
human-curated annotations. AlphaMissense
achieves state-of-the-art missense pathogenic-
ity predictions in clinical annotation, de novo
disease variants, and experimental assay bench-
marks without explicitly training on such data.
As a resource to the community, we provide a
database of predictions for all possible single
amino acid substitutions in the human pro-
teome.We classify 32%of allmissense variants
as likely pathogenic and 57% as likely benign
using a cutoff yielding 90% precision on the
ClinVar dataset, thereby providing a confident
prediction for most human missense variants.
We show how this resource can be used to

accelerate research inmultiple fields.Molecular
biologists could use the database as a start-
ing point for designing and interpreting ex-
periments that probe saturating amino acid
substitutions across the human proteome. Hu-
man geneticists could combine gene-level
AlphaMissense predictions with population
cohort–based approaches to quantify the func-
tional significance of genes, especially for shorter
human genes where cohort-based approaches
lack statistical power. Finally, clinicians could
benefit from the boost in coverage of con-
fidently classified pathogenic variants when
prioritizing de novo variants for rare disease
diagnostics, and AlphaMissense predictions
could inform studies of complex trait genet-
ics that use annotations of rare, likely delete-
rious variants.

CONCLUSION: AlphaMissense predictions may
illuminate the molecular effects of variants on
protein function, contribute to the identifica-
tion of pathogenicmissensemutations and pre-
viously unknown disease-causing genes, and
increase the diagnostic yield of rare genetic dis-
eases. AlphaMissense will also foster further
development of specialized protein variant effect
predictors from structure prediction models. ▪
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Google DeepMind, London, UK.
*Corresponding author. Email: jucheng@google.com (J.C.);
pushmeet@google.com (P.K.); avsec@google.com (Ž.A.)
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For all 71M possible
missense variants in
the human proteome:

1 2 3

AlphaMissense pathogenicity prediction. AlphaMissense takes as input a missense variant and predicts its
pathogenicity. We fine-tuned AlphaFold on human and primate variant population frequency data and calibrated the
confidence on known disease variants. AlphaMissense predicts the probability of a missense variant being
pathogenic and classifies it as either likely benign, likely pathogenic, or uncertain. We provide predictions for all
possible human missense variants as a resource for the community.
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Fig. 2. Performance of AlphaMissense on clinically curated classification
benchmarks. Benchmarks are evaluated by area under the receiver operator
curve (auROC). Error bars show the 95% confidence interval of 1000 bootstrap
resamples (see methods). A few manually chosen methods are colored to
illustrate the relative position on different benchmarks. (A) Performance
on classification of ClinVar variants (9462 pathogenic and 9462 benign variants
from 999 proteins) balancing the number of positive and negative variants
per gene. Methods shown in gray were trained directly on ClinVar. Some of their
training variants are contained in this test set, so their performances are
likely overestimated. Error bars show the 95% confidence interval of 1000

bootstrap resamples (see methods). (B) Average per-gene auROC on the ClinVar
test set. A total of 612 proteins with at least five benign and five pathogenic
ClinVar test variants are considered. (C) Comparison of AlphaMissense and
other predictors on distinguishing de novo variants from DDD cohort patients
and healthy controls (12). A total of 353 patient variants and 57 control variants
from 215 DDD related genes are considered. We excluded EVE because of its
low coverage of variants in this dataset (227/410 variants). (D) The
AlphaMissense scores were calibrated on the class-balanced ClinVar validation
set (see methods). The figure shows the calibration curve, which plots the
average score against the fraction of pathogenic variants per bin, computed on
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Fig. 2. Performance of AlphaMissense on clinically curated classification
benchmarks. Benchmarks are evaluated by area under the receiver operator
curve (auROC). Error bars show the 95% confidence interval of 1000 bootstrap
resamples (see methods). A few manually chosen methods are colored to
illustrate the relative position on different benchmarks. (A) Performance
on classification of ClinVar variants (9462 pathogenic and 9462 benign variants
from 999 proteins) balancing the number of positive and negative variants
per gene. Methods shown in gray were trained directly on ClinVar. Some of their
training variants are contained in this test set, so their performances are
likely overestimated. Error bars show the 95% confidence interval of 1000

bootstrap resamples (see methods). (B) Average per-gene auROC on the ClinVar
test set. A total of 612 proteins with at least five benign and five pathogenic
ClinVar test variants are considered. (C) Comparison of AlphaMissense and
other predictors on distinguishing de novo variants from DDD cohort patients
and healthy controls (12). A total of 353 patient variants and 57 control variants
from 215 DDD related genes are considered. We excluded EVE because of its
low coverage of variants in this dataset (227/410 variants). (D) The
AlphaMissense scores were calibrated on the class-balanced ClinVar validation
set (see methods). The figure shows the calibration curve, which plots the
average score against the fraction of pathogenic variants per bin, computed on
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AlphaMissense

686 samples (MDS/AML (326), MPN (302), lymphomas (32), ALL (25)
2222 missense variants, 93% with Alphamissense score

Chabane, Leukemia 2024

AUC = 0,95



AlphaMissense

170 Alphamissense wrongly (?) 
benign

SNP 0.1%
never seen in hematological malignancies 
already seen in hematological malignancies 

experimental evidence of functional effect
evolutionnary convergence
known mutational hotspot
no additional data
experimental evidence of no effect

155 Alphamissense wrongly (?) 
pathogenic

Chabane, Leukemia 2024



MobiDetails

Annotation 
platform

MobiDetails



MobiDetails

§ Up to 9 interpretation sections:
§ Nomenclatures: hg19, hg38, genomic, transcript, 

protein, pseudo-VCF

§ Positions: exon/intron, nearest splice site, MetaDome, 
WT and mutant sequences, pubmed IDs

§ Frequencies & db: gnomAD 2&3, dbSNP, clinvar, clingen
criteria, classification ACMG, LOVD

§ Predictions: CADD, Eigen, MPA

§ Splicing: MaxEntScan, dbscSNV, SPiP, SpliceAI, SpliceAI-
visual (radar chart), AbSplice

§ Missense: 10 predictors including 5 « meta » (radar 
chart)

§ uORFs: Morfeedb

§ miRNA target sites: dbMTS

§ Classification



MobiDetails: Missense predictions



MobiDetails: Missense predictions



MetaDome

Wiel et al., 2017



MetaDome



MIZTLI : easy analysis of tertiary structure





Cas d’étude

M. R, 43 ans

Pas d’antécédent, tabagisme actif 1 paquet par jour

Hyperleucocytose (22G/L) avec PNN 15,6 G/L, lymphocytes 4,78 G/L, monocytes 1,25G/L
Hb 158 gr/L
Plaquettes 338 G/L

Caryotype 46, XY
BCR-ABL, JAK2, CALR, MPL négatifs

Différents immunophénotypages sur sang périphérique panel BT/NK étaient revenus 
négatifs. Sur le plan du panel monocytaire, il a été retenu une surexpression de la population 
MO1 en faveur d’un potentiel diagnostic de LMMC bien que tous les éléments nécessaires à 
ce diagnostic soient insuffisants pour le moment. 



Gene ID HGVS genomic HGVS protein
DNMT3A chr2(hg38):g.25247118C>T

chr2(hg19):g.25469987C>T
p.Ser352Asn

JAK2 chr9(hg38):g.5050707G>A
chr9(hg19):g.5050707G>A

p.Gly164Arg

Cas d’étude



Gene ID HGVS genomic HGVS protein
DNMT3A chr2(hg38):g.25247118C>T

chr2(hg19):g.25469987C>T
p.Ser352Asn

Alphamissense bénin
GnomAD max frequency 10-4

VAF proche de 50 %
=> Ce n’est pas un variant somatique driver



Gene ID HGVS genomic HGVS protein
DNMT3A chr2(hg38):g.25247118C>T

chr2(hg19):g.25469987C>T
p.Ser352Asn

JAK2 chr9(hg38):g.5050707G>A
chr9(hg19):g.5050707G>A

p.Gly164Arg

Alphamissense ambigu
GnomAD max frequency 10-5

VAF proche de 50 %
Jamais vu en hématologie (cbioPortal)

=> Ce n’est pas un variant somatique driver



Conclusion: Absence de mutation somatique dans le 
panel de gènes testé

Smith, The American Journal of Medicine 2021



Cas d’étude

Mme D. , 70 ans

Pas d’antécédent

Thrombocytose isolée (750G/L)
Caryotype 46, XY
BCR-ABL, JAK2 V617F, CALR, MPL négatifs



Gene ID HGVS genomic HGVS protein
JAK2 chr9(hg38):g.5073731C>T

chr9(hg19):g.5073731C>T
p.Leu604Phe

Cas d’étude



Gene ID HGVS genomic HGVS protein
JAK2 chr9(hg38):g.5073731C>T

chr9(hg19):g.5073731C>T
p.Leu604Phe
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Gene ID HGVS genomic HGVS protein
JAK2 chr9(hg38):g.5073731C>T

chr9(hg19):g.5073731C>T
p.Leu604Phe

Dvoracek, Ann Hematol 2023

Alphamissense bénin
GnomAD unknown
VAF 23 %
Données fonctionnelles
=> C’est un variant driver
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