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Title: Variant Interpretation using ACMG Guidelines 

 

Abstract: 

This report provides a comprehensive overview of the interpretation of genetic 

variants according to the standards set forth by the American College of Medical 

Genetics and Genomics (ACMG). It delves into the diverse types of genetic 

variations, ranging from missense to null and silent variants, elucidating their 

significance in genotype-phenotype correlations. The importance of variant 

nomenclature standardization tools such as HGVS recommendations, 

VariantValidator, and Mutalyzer is emphasized for ensuring accurate variant 

descriptions. 

Integrated databases such as Varcards, Mastermind, and wANNOVAR are 

explored as invaluable resources that consolidate variation data from multiple 

sources, including population databases like the Chinese Millionome Database 

and the Genome Aggregation Database. Furthermore, the roles of variant 

databases such as ClinVar, HGMD, and LOVD in annotating and classifying 

variations are elucidated. 

Literature search tools like LitVar and PubMed are highlighted for their utility in 

gathering relevant information on genetic variations. Computational prediction 

tools such as MutationTaster, PolyPhen-2, MaxEntScan, and CADD are 

discussed for their role in assessing the pathogenicity and functional implications 

of variants. 

The report also provides a detailed explanation of the ACMG criteria, outlining 

the criteria used for categorizing variations into pathogenic, likely pathogenic, 

benign, and other classifications. Specific criteria such as PM1 for mutational 

hotspots, PS1 for the same amino acid change, and PVS1 for null variants are 

examined in detail. Additionally, guidance is provided on reporting and 

evaluating sequencing findings in accordance with ACMG recommendations, 

ensuring standardized and clinically relevant interpretation of genetic variants. 

 

 

 

 



 

Introduction 

 

Next-generation sequencing (NGS) has greatly improved the diagnosis potential 

for uncommon genetic disorders, which has transformed clinical genetics. 

Patients usually show a wide range of sequence changes after whole-exome or 

whole-genome sequencing, from 200,000 to 400,000 or 3,900,000, respectively 

(Lionel et al., 2018; Yang et al., 2013). It can be difficult to discern between 

benign and disease-causing mutations because hundreds of clinically significant 

variants sometimes survive despite rigorous filtering procedures. Producing 

clinical genetic studies of the highest caliber requires precise interpretation of 

these variants (Song, Duzkale, & Shen, 2018). 

 

A crucial step in disclosing the outcomes of genetic testing in clinical settings is 

the clinical interpretation of DNA sequence variations. The diagnosis of genetic 

abnormalities in ordinary clinical practice has been made much easier by the 

incorporation of next-generation sequencing technology into molecular genetic 

testing. 

 

Clinical laboratories around the world have adopted guidelines from the 

American College of Medical Genetics and Genomics (ACMG/AMP) and the 

Association for Molecular Pathology to standardize the clinical interpretation of 

sequence variants. These standards are further refined by multiple disease-

specific variant curation expert panels and by the ClinGen Sequence Variant 

Interpretation Working Group, which has supplied detailed instructions. 

Nevertheless, because professional opinion is involved in the interpretation 

process, the classification of variations may still differ throughout laboratories 

even with these efforts.  

Furthermore, deciphering the clinical meaning of genetic test results and 

interpreting clinical genetic data can be quite difficult for researchers and 

clinicians who are not familiar with variant interpretation processes. 

 

 

 

 



 Variants and Types 

Genetic variants are changes in DNA that can be benign, harmful, or have 

unknown effects. Null variants, caused by mutations like nonsense or frameshift 

mutations, significantly reduce protein function. Silent variants change the DNA 

but not the protein due to the redundancy of the genetic code. Intronic variants 

occur in non-coding regions and may affect gene expression. Missense variants 

are single nucleotide changes that alter one amino acid in the protein, potentially 

affecting its function. Nonsense variants introduce a premature stop codon, 

leading to a non-functional protein. In-frame insertions add nucleotides while 

maintaining the reading frame, with effects ranging from benign to significant. 

Deletions remove nucleotides and can affect protein function depending on the 

size and location of the deletion. Understanding these variants is important for 

studying health and disease. 

 

Variant Nomenclature Tools 

Variant nomenclature tools are software programs or online resources that assist 

scientists and medical professionals in accurately naming genetic variants 

according to accepted standards. This ensures clear communication and data 

exchange between researchers. Some commonly used tools include Mutalyzer, 

VariantValidator, and the Human Genome Variation Society (HGVS) 

recommendations. Mutalyzer is a web application that validates and corrects 

variant names based on HGVS standards. VariantValidator focuses on validating 

HGVS descriptions and converting between different variant formats. The HGVS 

itself provides guidelines for clear and consistent variant descriptions. These tools 

are crucial for ensuring accurate communication of genetic variants in research 

and medicine. 

 

The Human Genome Variation Society (HGVS) offers a standardized system for 

describing genetic variants clearly and consistently. Here are the key points: 

 Three-Level Descriptions: Variants are described at the DNA, RNA (if 

applicable), and protein level, providing a comprehensive picture of the 

change. 

 Reference Matters: A specific reference sequence (genome assembly or 

transcript) is crucial for accurate variant location and definition. 

 Standardized Symbols: Specific symbols and abbreviations ensure 

concise and consistent representation of different variation types 

(substitutions, deletions, etc.). 



 Pinpointing the Change: Precise location information is provided, 

including genomic coordinates, transcript positions, and nucleotide 

changes within genes or transcripts. For coding regions, changes are 

described relative to the start codon. 

 Protein-Level Details: For protein changes, the amino acid change, its 

position in the sequence, and the affected codon are specified using 

standard abbreviations. 

 Complexities Covered: Guidelines exist for describing even intricate 

variants involving multiple changes, indels, or structural rearrangements. 

Following these HGVS recommendations promotes clear communication, data 

exchange, and interpretation in genetic research and clinical settings. 

 

Integrated Database: 

Integrated databases are essential for researchers, clinicians, and genetic 

counselors because they bring together variant information from various 

sources. These databases, like VarCards and VarSome, offer a centralized 

platform to search for variants and access data on their functional effects, 

disease associations, and links to external resources. This is particularly helpful 

because variant information is typically spread across different databases, 

making it hard to get a complete picture. In simpler terms, these databases act 

like one-stop shops for variant exploration and interpretation. 

 

wANNOVAR is a web-based tool that simplifies access to ANNOVAR's 

functionalities for annotating human genetic variants. Users can upload variant 

files and receive results through a user-friendly interface. wANNOVAR provides 

various annotations, including gene information, variant frequency, and disease 

associations. It also offers filtering options to focus on specific variant types (e.g., 

non-synonymous) or rare variants. Additionally, wANNOVAR prioritizes 

variants based on disease information when available, aiding researchers in 

identifying potential disease-causing variants. 

 

 

 

 

 

 



Population Database 

Population genetics databases like gnomAD, BRAVO, and CMDB are valuable 

resources for researchers studying human genetic variation. These databases offer 

information on the frequency and distribution of genetic variants in different 

populations. 

 gnomAD: The largest public database of genetic variations, compiled from 

various sequencing projects. It allows researchers to analyze variant 

frequency, expression levels, and disease associations. 

 BRAVO: A user-friendly database for exploring genetic variations and 

allele frequencies across diverse populations. It offers detailed information 

on variants and allows for comparisons between populations. 

 CMDB: A database focused on genetic variation within Chinese 

populations. It provides data on SNPs, indels, and structural variants, along 

with population representation and disease associations. 

These population genetics databases play a crucial role in population genetics 

research, disease association studies, and interpreting the clinical significance of 

genetic variants. They improve our understanding of genetic diversity, ancestry, 

and disease risk across populations. 

 

 

VARIANT DATABASE 

 Variant databases are valuable resources for storing and sharing genetic variant 

information. They collect data from various sources like sequencing projects and 

clinical labs, encompassing different variant types and annotations. Here's a 

breakdown of their key functions: 

1. Data Aggregation: These databases combine variant data from various 

sources, including whole-genome sequencing, exome sequencing, and 

targeted studies. They catalogue different variant types like SNPs, indels, 

and structural variants. 

2. Annotation and Classification: Variant databases provide detailed 

annotations for each variant, including its location on the genome, how 

often it appears in different populations, its functional effects, and potential 

links to diseases or traits. They also classify variants based on established 

guidelines to aid interpretation and assess their clinical relevance. 



3. Population Diversity: Many variant databases include data from diverse 

populations, allowing researchers to explore patterns of genetic variation 

and ancestry across these groups. Population-specific information on allele 

frequencies and genetic diversity is often provided to support population 

genetics research and disease association studies. 

4. Clinical Relevance: Variant databases play a crucial role in clinical 

genetics by providing curated interpretations of a variant's clinical 

significance. They leverage data from trusted sources like ClinVar and 

integrate predictions from computational tools to aid variant interpretation 

and inform clinical decision-making. 

5. Data Accessibility and Sharing: Variant databases prioritize data 

accessibility and sharing within the scientific community. They offer user-

friendly interfaces for searching and downloading variant data and adhere 

to data-sharing policies and ethical guidelines to protect participant privacy 

and ensure responsible data use. 

Overall, variant databases are instrumental for researchers, clinicians, and genetic 

counselors. They function as centralized repositories of genetic variant data, 

supporting various applications in genetics, genomics, and personalized medicine. 

Some commonly used variant databases are: ClinVar, HGMD, and LOVD: 

 ClinVar: A public archive that stores reports of human variations classified 

for diseases and drug responses, along with supporting evidence. 

 HGMD: A comprehensive collection of published disease-causing 

mutations in human genes. 

 LOVD: A freely available web-based software for managing and 

displaying DNA variants in specific gene databases. 

 

 

 

 

 

 

 

 



Literature search Tools : 

Literature search tools are crucial for researchers and anyone interested in 

scholarly articles. These tools help find relevant information from a massive 

collection of academic publications. 

 Search Engines: Sophisticated algorithms are used by these tools to 

organize, index, and retrieve scholarly content including articles, books, 

conference proceedings, and patents. 

 Tools used: 

o PubMed (from the National Institutes of Health) focuses on 

biomedical and life sciences literature. It offers access to millions of 

citations and abstracts, with links to full text articles whenever 

available. 

o LitVar is a specialized tool that searches biomedical literature for 

information relevant to specific genetic variants. It employs 

advanced techniques to handle different representations of the same 

variant, ensuring comprehensive search results. LitVar offers 

features like autocomplete suggestions, search result ranking by 

relevance or date, and filtering options to refine your search. 

 

Computational Prediction Tools: 

Computational prediction tools are valuable assets for researchers analyzing 

genetic variants, especially in genomics and personalized medicine. These tools 

use computer algorithms to predict the potential effects, disease-causing nature 

(pathogenicity), and clinical significance of genetic variations. 

Here are some commonly used examples: 

 MutationTaster: This tool analyzes various features around a variant, 

including amino acid changes, splice site modifications, and evolutionary 

conservation. It then classifies the variant as likely disease-causing, benign, 

or uncertain. MutationTaster is freely available and integrates with other 

tools for a more comprehensive assessment. 

 PolyPhen-2: This tool focuses on predicting how amino acid substitutions 

might affect protein structure and function. It analyzes sequence and 

structural features like conservation across species and protein domains to 



assign a score reflecting the likelihood of the variant being harmful. 

PolyPhen-2 is a web-based tool and is integrated into several 

bioinformatics platforms. 

 MaxEntScan: This tool predicts the strength of splice sites in DNA 

sequences. It uses a machine learning method to analyze short sequence 

motifs around potential splice sites and assigns a score based on their 

similarity to known splice sites. Higher scores indicate stronger splice sites. 

MaxEntScan is available as a web tool and is also integrated into 

bioinformatics software packages. 

 CADD: This tool assigns a score to genetic variations indicating their 

potential harmfulness. It considers various data sources like conservation 

and integrates them into a single score. CADD scores correlate with 

disease-causing variants and can help prioritize functional variants for 

further investigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Aim : 

To explain the various guidelines and criteria provided by ACMG by using  

CFTR F508 del variant as an example 

Learning Objectives: 

1. Understand the significance of the CFTR F508 del variant in the context 

of cystic fibrosis and its prevalence in affected populations. 

2. Explore the guidelines and criteria established by the American College of 

Medical Genetics and Genomics (ACMG) for variant interpretation. 

3. Examine the specific ACMG criteria relevant to the classification of the 

CFTR F508 del variant, including pathogenicity assertions and supporting 

evidence. 

4. Learn how to apply ACMG criteria such as PS1 (same amino acid change), 

PM2 (absent from controls), and PP3 (functional studies support) to 

evaluate the pathogenicity of the CFTR F508 del variant. 

5. Gain insights into the clinical implications of the CFTR F508 del variant, 

including its role in cystic fibrosis diagnosis, prognosis, and treatment 

decisions. 

6. Understand the importance of standardized variant interpretation 

guidelines in clinical practice and research, using the CFTR F508 del 

variant as a case study. 

7. Enhance proficiency in interpreting genetic variants by critically analyzing 

the ACMG guidelines in the context of the CFTR F508 del variant and 

similar genetic mutations. 

8. Recognize the challenges associated with variant interpretation and 

classification, particularly in complex genetic diseases like cystic fibrosis, 

and strategies for addressing these challenges. Rephrase and summarize 

the content in points 

 

 

 

 

 

 

 

 

 



Methods : 

The American College of Medical Genetics and Genomics (ACMG) developed 

guidelines for classifying genetic variants identified through new sequencing 

technologies. Here's a summary of the process: 

1. Initial Survey and Feedback: A survey was conducted to assess preferred 

terminology and gather feedback on variant assessment protocols from 

clinical labs. This feedback informed the development of a five-tier 

classification system ("pathogenic," "likely pathogenic," etc.) and initial 

criteria for assigning variants to these tiers. 

2. Testing and Refinement: Workgroup members tested the classification 

scheme on known variants and typical examples. A second survey was 

distributed to a wider range of labs for feedback on the proposed system. 

This feedback helped refine the classification criteria and weighting of 

different types of evidence. 

3. Workshop and Audience Participation: A workshop was held to present 

the revised criteria and explore two potential scoring systems (point-based 

vs. qualitative weighting). Audience participation helped determine how 

each criterion should be weighted during variant evaluation. The 

workgroup opted for a qualitative approach due to limitations in assigning 

point values to complex genetic evidence. 

4. Literature Review: Recommendations from other professional societies 

and existing variant classification guidelines were reviewed. While these 

resources provided valuable insights, the ACMG approach aimed to be 

applicable across all Mendelian genes and various lab settings. 

5. Continuous Improvement: The ACMG acknowledges the evolving 

nature of genetic technologies and anticipates future refinements to the 

classification system. They also encourage ongoing development of more 

focused guidelines for specific disease groups. 

 

 

 

 

 



Procedure 

 

Variant Interpretation with ACMG and the University of Maryland Tool: 

 Data Input: Upload your genetic sequence data and identify the variant(s) 

using the tool. 

 Classification: Utilize the tool's features to classify the variant into one of 

the five ACMG categories (pathogenic, likely pathogenic, etc.). 

 Criteria Evaluation: Assess the variant against ACMG criteria (PVS1, 

PS1, PM2, etc.) using the tool's functionalities. 

 Variant Annotation: Gather information like population frequency, 

conservation scores, and functional impact using the tool's annotation 

features. 

 Clinical Context: Consider the patient's clinical picture, and family 

history, and potentially perform segregation analysis for further 

interpretation. 

 Expert Review & Reporting: Review the tool's results with a team of 

experts and generate a comprehensive report with ACMG classification, 

evidence, and recommendations. 

 Database Submission: Submit the interpretation results to public 

databases (like ClinVar) using the tool's functionalities. 

 Continuous Learning: Stay updated on genetic research, variant 

interpretation guidelines, and the tool's updates for the most accurate 

patient care. 

 

 

 

 

 

 

 

 

 

 

 

 



Criteria for variants based on ACMG guidelines 

 

 

 
 

 

 



 

 

 

 

Observation: 

Before using the variant interpretation tool, the criteria given by ACMG  must be 

studied. So that we could know that what are the categories in which the variants 

are classified. Once the criteria are  known  we could be able to interpret the  

variant  as 

 Pathogen 

 Benign 

 Variance of  insignificance 

Using  the genetic variant interpretation tool provided by the University  of 

Maryland, on using the variant interpretation tool provided by the University of 

Maryland  we can come to the conclusion that the given variant CFTR F508del 

is a pathogenic variant that causes cystic fibrosis 

 

 

 

 



Interpretation: 

The variant CFTR F508del  comes under various criteria like 

 PS3 

 PP3 

 PP1 

 PS4 

 PM3 

 BS1 

This  gives the result of  Pathogen  

 Functional Assays (PS3): Functional studies have demonstrated the detrimental 

impact of the CFTR F508del variant on protein function. This variant results in 

defective CFTR protein processing and trafficking, leading to impaired chloride 

ion transport across cell membranes, a hallmark of cystic fibrosis 

pathophysiology. Functional assays provide direct evidence of the variant's 

deleterious effects, meeting the PS3 criterion for pathogenicity. 

 

Clinical Data (PS4): Clinical data from extensive genotype-phenotype correlation 

studies corroborate the association between the CFTR F508del variant and severe 

cystic fibrosis phenotypes, including pancreatic insufficiency, respiratory 

complications, and reduced life expectancy. This clinical evidence supports the 

pathogenicity of the variant according to the PS4 criterion 

 

 Segregation Data (PP1): Segregation analysis in families with cystic fibrosis has 

consistently shown the CFTR F508del variant segregating with the disease 

phenotype in an autosomal recessive manner. This segregation pattern supports 

the pathogenic role of the variant, fulfilling the PP1 criterion. 

Based on these criteria the variant interpretation tools gives the  result of the 

variant interpretation as  Pathogenic 

 



 

 

 

 

 

 

 

 

 

 

 



Significance and Application 

Importance of Variant Interpretation using ACMG Guidelines 

ACMG guidelines offer a standardized method for classifying genetic variations based 

on their impact on health. This classification system is crucial for various aspects of 

clinical genetics and genomics: 

 Accurate Diagnoses & Treatment: Doctors can use ACMG classifications to 

confidently diagnose genetic diseases and tailor treatment plans based on the 

severity of the variant (pathogenic vs. likely benign). 

 Informed Genetic Counselling: Genetic counsellors rely on ACMG 

classifications to accurately assess risks and provide informed advice to 

individuals and families with genetic conditions. This empowers them to make 

informed decisions about family planning, preventative measures, and medical 

monitoring. 

 Research & Discovery: ACMG classifications help researchers prioritize 

variants for further investigation. By systematically classifying variants based 

on their clinical significance, researchers can gain a deeper understanding of 

the genetic basis of diseases and identify novel disease-causing variants. 

 Clinical Trials & Precision Medicine: ACMG classifications are used to select 

patients for clinical trials and targeted therapies. By identifying individuals with 

pathogenic variants for specific diseases, clinicians can enroll them in relevant 

trials for personalized treatment options. 

 Quality & Standardization: ACMG guidelines ensure consistency in 

interpreting variants across labs and clinical settings. This improves the 

reliability of genetic test results and enhances the quality of patient care and 

research. 

 Population Screening & Public Health: ACMG classifications can be used for 

population screening programs to identify individuals at high risk for genetic 

diseases. This allows public health initiatives to implement targeted 

interventions, like genetic counselling and preventative measures, to reduce 

disease burden and improve overall population health. 

In conclusion, ACMG guidelines play a critical role in translating complex genetic data 

into actionable information for clinical practice and research.  



 

SYSTEMS BIOLOGY 

Advances in systems biology 

modelling 
                                                                                                                                Done by 
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Overview  
To gain a system-level understanding of biological processes, computational and mathematical 

models are required; but, before they can be properly used and evaluated, their limitations must 

be made clear. An objective evaluation of techniques is made possible by crowdsourced 

standards in the form of challenges. Over the past ten years, the Dialogue for Reverse 

Engineering Assessment and Techniques (DREAM) has arranged more than fifteen systems 

biology challenges. The breadth of application includes transcription factor binding, 

medication combinations, whole-cell models, cell-lineage reconstruction, signalling networks, 

transcription regulation, transcription factor binding, single-cell placement in a tissue, and cell 

survival.  

 

 

 



 

Precision medicine for cancer is fuelled by multi-

omics analysis powered by artificial intelligence. 

   

 

 

As biotechnology advances, new omics technologies emerge that provide researchers with 

multi-layer data from many sources, including the genome, epigenome, transcriptome, 

metabolome, and proteome. Many omics technologies, including bulk and single-cell omics 

techniques, have allowed for unprecedented size and resolution characterization of many 

molecular layers, resulting in a comprehensive understanding of cancer activity. Multi-omics 

analysis provides a systematic way to probe various molecular information at every biological 

layer, even if it also presents difficult challenges to solve to extract relevant insights from the 

quickly growing amount of multi-omics data. The improvements made feasible by artificial 

intelligence-based multi-omics approaches are highlighted, including response evaluation and 

prognosis prediction. Finally, we talk about the difficulties multi-omics analysis faces and 

potential future paths for the field's advancement.  

 

 

Thus, efficient algorithms are required to reduce the complexity of the data while still analyzing 

the mysteries underlying the intricate biological processes causing cancer. Artificial 

intelligence has proven to be capable of complementing multi-modal data streams in the field 

of cancer. The simultaneous development of multi-omics technologies and artificial 

intelligence algorithms has allowed for speedier advancements in cancer precision medicine. 

The advances enabled by artificial intelligence-based multi-omics approaches are highlighted, 

with a focus on early cancer screening, diagnosis, response evaluation, and prognostic 

prediction. Finally, we talk about the difficulties multi-omics analysis faces and potential future 

paths for the field's advancement. Given the growing use of artificial intelligence (AI) in multi-

omics analysis, we predict a paradigm change in precision medicine driven by AI-based multi-



omics technology.  

Systems biology's use and advancement in computer-

aided drug design 

   

 

 

Thanks to scientific developments, the complex pathophysiology of diseases is now much well 

understood. Pharmacological design's main objective is now to reveal a drug's whole method 

of action and therapeutic effect. However, the traditional methods of creating medications are 

not up to the expectations of today. Systems biology has advanced significantly in recent years, 

which has paved the way for the use of several cutting-edge technologies in drug research and 

discovery, including proteomics, genomics, and metabolomics. Computer-aided drug design, 

or CADD, functions as a bridge between traditional pharmaceutical theory and modern science, 

thereby shortening the duration of the drug development cycle and increasing the success rate 

of drug design.  

 

To clarify the general mechanism and action of pharmaceuticals, a direction and 

methodological foundation are provided by the application of CADD and systems biology. This 

paper offers resources to support the application, recommends a roadmap for future expansion, 

and shows the systems biology research and application in CADD from multiple perspectives. 

 

 

 
 

 

 



 

 

 

Systems biology's challenges and future 

directions 
 

 

Hurdles: Building precise models, integrating data from several sources, and organizing and 

analysing massive volumes of data are just a few of the difficulties associated with 

computational biology. To store, process, and analyse data, managing massive datasets calls 

for specialized infrastructure like cloud computing and high-performance computing. A 

thorough comprehension of biological processes is necessary for realistic models, in addition 

to the use of sophisticated mathematical and statistical techniques. The creation of standardized 

data formats and data integration processes is necessary for the integration of data from various 

sources.  

Administration and synchronization: An enormous volume of biological data is being 

produced as a result of the development of high-throughput technologies. Maintaining and 

combining these many forms of data from various sources is a difficult task 

 

 

Data integrity and consistency: The quality of the data that is supplied determines the 

accuracy and repeatability of the computational analysis. Therefore, it is crucial to establish 

quality control processes as well as standards for data sharing and replication. 

Developing effective strategies: Analysing huge data sets is a major problem in computational 

biology. These algorithms need to be accurate, scalable, and flexible enough to work with a 

variety of data kinds.  

 

Improvement and thorough validation of the simulation are necessary for accurate computer 

simulations of biological systems. Although it might be time-consuming and repetitive, this 

technique is necessary to guarantee the models' correctness and dependability. 

 

Ethical considerations: Computational biology must assess the ethical consequences of its 

study, just like any other area that uses sensitive information. Concerns about data security, 

privacy, and informed consent fall under this category. 

 

Future scope of systems biology: It is obvious that principles will be tested in both natural 

populations and laboratory settings employing molecular biology techniques. The structure of 

the biological sciences will become more like that of physics, with researchers and theorists 

working together to solve problems. 

 



Conclusion 

 

 

 

 

 

 

The study of systems of organisms nowadays requires computational biology. It offers an 

effective approach for building detailed models of biological systems as well as for analyzing 

and interpreting big, complicated datasets. Computational biology still has to overcome other 

obstacles, such as assembling and analyzing massive data sets, creating precise models, and 

merging data from many sources. It will take cooperation between mathematicians, computer 

scientists, and biologists to address these issues and continue creating state-of-the-art 

computational instruments. 
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LitVar (https://www.ncbi.nlm.nih.gov/CBBresearch/Lu/Demo/LitVar/) 

 

Computational prediction tools: 

MutationTaster (http://mutationtaster.org/)  

Schwarz JM, Cooper DN, Schuelke M, & Seelow D (2014). MutationTaster2: mutation 
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