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ABSTRACT 
MutationTaster is a widely used web-based tool that predicts the functional impact of genetic 
variants. In recent years, the software has undergone significant improvements, leading to 
the development of MutationTaster2 and MutationTaster2021. The main difference between 
these two versions is the use of updated reference datasets and an improved algorithm for 
variant classification. MutationTaster2 utilizes the dbNSFP database, while 
MutationTaster2021 incorporates gnomAD and ClinVar data. Both versions employ a machine 
learning approach that combines multiple features to predict variant pathogenicity, including 
evolutionary conservation, physical properties of amino acid changes, and the potential effect 
on protein function. The output of MutationTaster is a score indicating the likelihood of a 
variant being disease causing, with a high score indicating a high likelihood of pathogenicity. 
Overall, MutationTaster2 and MutationTaster2021 represent valuable tools for researchers 
and clinicians in the field of genetic variant analysis, providing accurate and efficient 
predictions of variant pathogenicity. 
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RESUMEN 
MutationTaster es una herramienta web ampliamente utilizada que predice el impacto 
funcional de las variantes genéticas. En los últimos años, el software ha experimentado 
mejoras significativas, lo que ha llevado al desarrollo de MutationTaster2 y 
MutationTaster2021. La principal diferencia entre estas dos versiones es el uso de conjuntos 
de datos de referencia actualizados y un algoritmo mejorado para la clasificación de variantes. 
MutationTaster2 utiliza la base de datos dbNSFP, mientras que MutationTaster2021 
incorpora datos de gnomAD y ClinVar. Ambas versiones emplean un enfoque de aprendizaje 
automático que combina múltiples características para predecir la patogenicidad variante, 
incluida la conservación evolutiva, las propiedades físicas de los cambios de aminoácidos y el 
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efecto potencial en la función de la proteína. El resultado de MutationTaster es una 
puntuación que indica la probabilidad de que una variante cause una enfermedad; una 
puntuación alta indica una alta probabilidad de patogenicidad. En general, MutationTaster2 
y MutationTaster2021 representan herramientas valiosas para investigadores y médicos en 
el campo del análisis de variantes genéticas, ya que proporcionan predicciones precisas y 
eficientes de la patogenicidad de variantes. 
Palabras clave: MutationTaster2; MutationTaster2021; ExAC. 
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MutationTaster2 and MutationTaster2021 
“Here we present MutationTaster2 (http://www.mutationtaster.org/), the latest version of 
our web-based software MutationTaster1, which evaluates the pathogenic potential of DNA 
sequence alterations”. Jana Marie Schwarz and D. Cooper's paper titled "MutationTaster2: 
mutation prediction for the deep-sequencing age" presents a novel tool for predicting the 
functional consequences of genetic mutations. (1) The tool, called MutationTaster2, is based 
on machine learning algorithms and is designed to analyse whole genome and exome 
sequencing data to identify potentially deleterious mutations. MutationTaster2 is a powerful 
bioinformatics tool designed to predict the functional effects of DNA sequence variations, 
specifically in the context of human genetics. This tool is a sequel to the original 
MutationTaster tool, which was released in 2008, optimized in 2014 to handle the enormous 
data output generated by modern high-throughput sequencing technologies, including 
whole-genome and whole-exome sequencing. MutationTaster2 is an important contribution 
to the field of genetics and bioinformatics, as it provides valuable information for predicting 
the impact of genetic variants on protein function, and therefore disease causation. 

The article "MutationTaster2: mutation prediction for the deep-sequencing age" by Schwarz 
et al., published in the journal Nature Methods in 2014, describes the development and 
validation of the MutationTaster2 tool. The article provides a detailed description of the 
various features and functions of the tool, as well as a comprehensive evaluation of its 
performance and accuracy. Another article “MutationTaster2021” highlights the advantages 
of the latest version of MutationTaster2, named MutationTaster2021, compared to the 
previous version. (2) In this summary, I will delve into the details of MutationTaster2, including 
its strengths and limitations, its relevance and utility in modern genetic research, its 
restrictions and the advantages of its latest version MutationTaster2021.  

MutationTaster2 is based on a set of bioinformatics algorithms that use various features and 
characteristics of a DNA sequence variant to predict its functional consequences. These 
algorithms take into account factors such as conservation, physical properties of the amino 
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acid changes, and the location of the variant in relation to known functional elements such as 
splice sites, regulatory regions, and protein domains. MutationTaster2 provides two types of 
prediction scores for each variant: a binary classification into either “disease-causing” or 
“benign” categories or a probability score indicating the likelihood of the prediction being 
correct. The output of MutationTaster2 is also supplemented with various annotations and 
functional predictions, including splice site analysis, predictions of altered transcription factor 
binding, and protein domain predictions. 

One of the major findings of the paper is that MutationTaster2 is able to accurately predict 
the functional consequences of mutations with high sensitivity and specificity. The authors 
demonstrated the performance of MutationTaster2 using a variety of datasets, including 
whole genome sequencing data from individuals with Mendelian disorders and large scale 
exome sequencing data from healthy individuals. (1) They found that MutationTaster2 was 
able to accurately classify mutations as either pathogenic or benign with high accuracy, 
outperforming other available tools. (1) This is a significant finding, as it demonstrates the 
ability of MutationTaster2 to accurately identify potentially pathogenic mutations among the 
many neutral or benign variations that are present in the genome. This is particularly 
important for the identification of mutations associated with disease, as it allows for the 
accurate identification of mutations that may be contributing to the development or 
progression of a particular disorder. Another important aspect of the paper is the efficiency 
of MutationTaster2. The authors demonstrated that MutationTaster2 was able to analyse 
large amounts of data in a relatively short amount of time, making it a valuable tool for the 
analysis of whole genome and exome sequencing data. (1) This is particularly important in the 
era of deep sequencing, where large amounts of data are generated and the analysis of this 
data can be challenging. 

MutationTaster2 has several advantages over other mutation prediction tools. One of the key 
strengths of MutationTaster2 is its high accuracy, which has been demonstrated in several 
benchmarking studies. For example, the authors of the article conducted an analysis of 18,832 
genetic variants from the Human Gene Mutation Database (HGMD) and found that 
MutationTaster2 achieved a sensitivity of 88.8% and a specificity of 79.7%. This performance 
was better than that of several other widely used prediction tools, including PolyPhen-2, SIFT, 
and MutationAssessor. (2-5) Another advantage of MutationTaster2 is its ability to handle 
large-scale datasets, making it well-suited for the analysis of high-throughput sequencing 
data. One of the major limitations of MutationTaster2 is its reliance on a set of pre-defined 
rules and algorithms, which may not always capture the complex and context-dependent 
effects of genetic variation. For example, MutationTaster2 may not be able to accurately 
predict the functional consequences of variants that affect protein-protein interactions, or 
variants that act in a tissue-specific manner. Furthermore, MutationTaster2 may be less 
effective for variants that are rare or that have not been previously reported in the literature 
or in variant databases. Nevertheless, the authors of the article acknowledge these limitations 
and suggest that on-going improvements and enhancements to the tool will help to address 
these issues. 
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A new version of MutationTaster, named MutationTaster2021, which employs a different 
prediction model than its predecessor, achieves more accuracy, particularly for uncommon 
benign varieties. MutationTaster now offers details on the illnesses they cause, making it 
easier to evaluate the relation of discovered recognised disease mutations to the clinical 
phenotype of the patient. To prioritise variations from VCF files based on the patient's clinical 
phenotype, MutationTaster2021 incorporates a disease mutation search engine, 
MutationDistiller. (2), (6) High-throughput sequencing has totally altered the picture, because 
in the past the inheritance of disease-linked areas was explored by linkage analysis, and 
positional and functional candidate genes were subsequently sequenced for potential 
mutations. (2) Due to the lack of need for linkage data, biomedical researchers may now 
concentrate on variations that are expected to have a negative impact on genes involved in 
disease aetiology. Hence, thousands of potentially harmful variations still need to be 
evaluated considering that, tens of thousands of DNA variants are discovered in each WES 
run. ExAC, gnomAD, or other large-scale sequencing initiatives like the 1000 Genomes Project, 
as well as other known polymorphisms, can be used to further minimise the number of 
potentially disease-causing variations. (7-9) Nevertheless, this method can only exclude a 
percentage of the benign variations since many polymorphisms are population-specific. A 
Random Forest model has been used in place of the Bayes classifier to improve prediction 
accuracy in both benign and harmful variants. Even though the false positive rate was 
significantly lowered by filtering out common polymorphisms, numerous uncommon or 
population-specific variations continued to be false positives. This problem was overcome by 
using all intragenic gnomAD mutations for which there was at least one homozygous carrier 
as benign training instances. (2) The prediction method was changed from Naive Bayes to 
Random Forest models in order to enhance the results. Grid searching revealed that using 
Random Forests with only one-third the size of the "ideal forest" may be employed in two 
prediction models without sacrificing more than 0.12% of balanced accuracy. (2),(9) The fact 
that these predictors were specifically trained for balanced accuracy—that is, the same 
predictive performance for benign and harmful variants—should be underlined. In contrast 
to predictors trained for specificity, this minimises the danger of missing an actual disease 
mutation even while it increases the frequency of false positive predictions. 

MaxEntScan does have the limitation that it can only detect variations in canonical splice sites. 
It should be noted that MutationTaster2 and MutationTaster2021 do not look for cryptic 
splice sites that are activated by DNA variations since it was discovered that doing so would 
result in an excessive number of false positive predictions. (2) Especially notable are ExAC pLI 
scores to determine if a gene is tolerant of loss-of-function mutations and genotype counts 
from ExAC and gnomAD for the elimination of variations prevalent in healthy persons. (2),(7),(8) 
ExAC, gnomAD, and homozygous individuals from the 1000 Genomes Project are utilised to 
automatically identify variations as benign, but the pLI scores are not. (7-9) A query of several 
variations may be made automatically from within other programmes using an API provided 
by MutationTaster2021. Considering the VCF analysis pipeline generates predictions, the API 
has been limited to 50 variations per call instead of allowing users to upload VCF files for 
larger variant sets. (2) These predictions are then stored in the database. The updated version's 

https://creativecommons.org/licenses/by-nc/4.0/deed.es_ES
https://creativecommons.org/licenses/by-nc/4.0/deed.es_ES
http://creativecommons.org/licenses/by-nc/4.0/


Revista Cubana de Informática Médica 2023:15(1):e614 

 

 

 

  

 

Este documento está bajo Licencia de Creative Commons Reconocimiento-NoComercial 4.0 

Internacional 

 

modifications enable a much quicker and more precise forecast of the impact of DNA 
variations. (2) The overall accuracy is improved by the Random Forest classifiers for non-coding 
variations from 92.2% to 97.0%, for variants producing single amino acid substitutions from 
88.6% to 95.8%, and for variants causing changes that are more substantial in the amino acid 
sequence from 90.7% to 93.3%. (2) 

Overall, the development of MutationTaster2 represents a significant advance in the field of 
mutation prediction. It has the potential to improve our understanding of the functional 
consequences of mutations and their role in the development of diseases and disorders. It is 
a valuable tool for the analysis of genomic data and will be useful for researchers studying the 
genetic basis of a variety of diseases and conditions. MutationTaster2021 is explicitly aimed 
at biomedical researchers who want to identify the pathological mutation in a patient 
suffering from a suspected monogenic disease. The information associated with a variant is 
presented in a user-friendly interface unlike other tools such as CADD. As with any classifier, a 
number of variants will be misclassified. (12) This becomes especially apparent for benign 
variants. In conclusion, MutationTaster2 and MutationTaster2021 are powerful tools for the 
prediction of the functional impact of genetic variants. Both methods are able to analyse both 
known and novel variants, and use a range of bioinformatics features to predict the potential 
impact of the variant on protein function. The original MutationTaster2 algorithm has been 
widely used and has been shown to be highly accurate, with a good balance between 
sensitivity and specificity. The more recent MutationTaster2021 algorithm builds upon the 
success of MutationTaster2 and adds new features to improve the accuracy of the 
predictions, particularly for non-coding variants. The incorporation of regulatory regions, 
splicing features, and machine learning models has resulted in a higher accuracy and a more 
nuanced prediction of variant impact. Both MutationTaster2 and MutationTaster2021 are 
useful tools for researchers and clinicians working in the field of genetics. They can be used 
to prioritize variants for further functional analysis or to guide clinical decision-making. As the 
field of genomics continues to expand, tools like these will become increasingly important for 
accurately interpreting genetic data and improving our understanding of genetic disease. 
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