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Abstract
The time and costs associated with the sequencing of a human genome have decreased significantly in
recent years. Many people have chosen to have their genomes sequenced to receive genomics-based
personalized healthcare services. To reach the goal of genomics-based precision medicine, health
information management (HIM) professionals need to manage and analyze patients’ genomic data. Two
important pieces of information from the genome sequence are the risk of genetic diseases and the
specific medication or pharmacogenomic results for the individual patient, both of which are linked to a
patient’s genetic variations. In this review article, we introduce genetic variations, including their data
types, relevant databases, and some currently available analysis methods and systems. HIM professionals
can choose to use these databases, methods, and systems in the management and analysis of patients’
genomic data.
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Introduction
In 2015, the Precision Medicine Initiative (PMI) was launched in order to understand how a person’s
genetics, environment, and lifestyle can help determine the best approach to prevent or treat disease.1 In
the past, medical practices followed certain protocols and prescribed medications without considering
patients’ genetic makeup, environment, or lifestyle, even though healthcare providers have a general
understanding of the importance of these factors. One major reason was that accurate data about these
factors was not easily accessible. Ten years ago, sequencing a human genome was still very expensive,
and no reliable and inexpensive methods of collecting environmental and lifestyle data were available.
Even electronic health record (EHR) systems were not widely adopted then. Today, all these factors are
easily accessible and reliable because of the availability of high-throughput DNA sequencing
technologies, wide adoption of mobile health apps and various types of wearable trackers, and the
extensive use of EHR systems in almost all hospitals and clinics in the United States. Therefore, it has
become feasible to collect a large amount of health-related data from patients and apply the findings in
precision medicine.
Precision medicine will make it possible for physicians to choose the best treatment and prevention
strategy for each patient according to their personal health information, including their genetic makeup.2
Some human genetic variations are closely related to certain diseases or individual patient responses to
certain medications;3 therefore, physicians can choose specific treatment options to optimize the patient’s
outcome. For example, in precision medicine, physicians can choose different medications to help their
patients quit smoking by examining the patient’s speed of nicotine metabolization.4
In the PMI, now renamed All of Us, more than one million Americans will be recruited. Their
genomic, EHR, environment, diet, and lifestyle information will be collected and integrated together to
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investigate the risk for a range of diseases. Individual responses to commonly used drugs, biomarkers
associated with common diseases, and targeted therapies will also be investigated. The recruitment of
study participants is ongoing. As stated in the executive summary of the PMI Working Group report,
“Precision medicine seeks to redefine our understanding of disease onset and progression, treatment
response, and health outcomes through the more precise measurement of molecular, environmental, and
behavioral factors that contribute to health and disease. This understanding will lead to more accurate
diagnoses, more rational disease prevention strategies, better treatment selection, and the development of
novel therapies.”5
To successfully reach the goals described in the PMI report, extensive collaboration is needed among
researchers and professionals from medicine, public health, genetics/genomics, computer science, and
health information management (HIM). These professionals need to work together to recruit study
participants, develop methods and tools to collect desired data, analyze and interpret the data, and report
the results to the public.
In the desired data items from the PMI, personal genomic information is relatively new for HIM
researchers and professionals. In this article we introduce one important type of personal genomic data:
genetic variations, including their major types, databases, and some currently available variation analysis
methods and systems.

Types of Genetic Variations
A genome is an organism’s complete set of DNA sequences. Although people in this world may look
different, with different skin color, eye color, hair color, and height, all human genomes are highly
similar. More than 99 percent of human genomes from two unrelated individuals are identical.6–8 The
differences among these genomes are genetic variations. Most of these genetic variations either do not
show noticeable differences or simply make us look different. Some genetic variations can cause diseases.
Several types of genetic variations exist. This article focuses on the following three types of genetic
variations:
1. Single nucleotide polymorphisms (SNPs)
2. Short insertions and deletions (INDELs)
3. Copy number variations (CNVs)

Single Nucleotide Polymorphisms
A DNA polymorphism is any difference in the nucleotide sequence between individuals. SNPs are the
most common type of genetic variation. They represent a difference in a single nucleotide.9 The
difference can be one extra nucleotide (insertion) at the specific location, one missing nucleotide
(deletion), or a different nucleotide (substitution), compared with the reference genome sequenced in the
Human Genome Project. SNPs represent roughly 90 percent of the human DNA polymorphisms.10 Figure
1 illustrates the concept of SNPs, in which six individuals have either T or C at one specific position in
their chromosome 2.
SNPs can occur anywhere in a genome. When SNPs occur within a gene or within the regulatory
region (which may regulate the expression of a gene or genetic component) near or inside a gene, they
may directly affect the gene function or expression and may increase the risk of developing certain
diseases,11, 12 especially if the gene is critically important for the normal function of cells. SNPs that occur
in intergenic regions (or regions between two genes) are less likely to lead to gene function or expression
changes or disease.
Research in pharmacogenomics (the study of how genes affect a person’s response to medications)
indicates that SNPs may be helpful for predicting an individual’s response to certain medications, which
is critically important for precision medicine.13 For example, genetic polymorphisms in the CYP450 genes
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(CYP450 enzymes are responsible for metabolizing drugs14, 15) affect the metabolism of about 25 percent
of all medication treatments.16, 17 These genetic polymorphisms can influence medication response,
causing it to be normal, enhanced, reduced, or neutralized.18 Additionally, genetic variations in three
genes (CYP2C9, VKORC1, and CYP4F2) can result in significant variability in the appropriate dose of
warfarin between patients.19

Short Insertions and Deletions
INDELs are insertions or deletions of nucleotides in a DNA sequence. One single nucleotide insertion
or deletion is a special case of INDELs. The insertions and deletions can be a long segment (a few
hundred or a few thousand nucleotides) of a chromosome.20 Both insertion and deletion of nucleotides
will change the number of nucleotides in a DNA sequence. If either of them occur in a gene, then the
protein made by the gene may not function properly. For example, the X-linked recessive disorder
previously seen in European royal families21 results from the insertion of a large segment of DNA leading
to inactivation of a protein required for blood clotting. Figure 2 illustrates the concept of INDELs.
In the human genome, approximately 36 percent of short INDELs are in the genetic region.22
Therefore, some of these INDELs can have an impact on human gene function/expression. Examples of
diseases related to short insertions include Huntington disease (CAG repeated more than 35 times in gene
HTT) and myotonic dystrophy (a segment of DNA repeated too many times in gene DMPK or CNBP).23
An example of a disease associated with a short deletion is cystic fibrosis (a deletion of three nucleotides
at the 508th position on the CFTR gene).24

Copy Number Variations
CNV refers to an intermediate-scale genetic change (in the range from 1,000 nucleotides to several
million nucleotides).25, 26 CNVs include additional copies of a DNA sequence segment (duplications) or
losses of a DNA segment (deletions).27 For example, A-B-C-D is a long DNA sequence in one
chromosome; here, A, B, C, and D are DNA segments longer than 1,000 nucleotides. This chromosome
in some people can instead have the following sequence: A-B-B-C-D (a duplication of B) or A-C-D (a
deletion of B). The scale of this type of genetic change may affect multiple genes in certain cases.28
There is an increasing concern about the effect of CNVs in the development of complex diseases29
because a number of CNVs overlap with protein coding regions.30 CNVs have been detected in genetic
regions associated with complex neurological diseases,31 such as autism,32 Alzheimer’s disease,33 and
schizophrenia.34

Genetic Variation Databases
Many databases have been created to manage the growing number of genomic data sets. These
databases help researchers and healthcare professionals obtain genetic information quickly and
conveniently.35 A number of databases contain genetic variations and related information. In this article,
we briefly introduce the following two categories of databases:
1. Variation databases that provide information about genetic variations alone.
2. Variations and disease/phenotype databases that provide information about phenotypes and
genetic variations. (Phenotype refers to the observable characteristics of an organism, such as its
morphology, development, physiological properties, and behavior.)

Variation Databases
The National Center for Biotechnology Information at the National Library of Medicine maintains
dbSNP (http://www.ncbi.nlm.nih.gov/SNP/), a database of short genetic variations. This database
stores all types of genetic variations of less than 50 base pairs in multiple species.36 Therefore, it includes
different types of short genetic variations, such as SNPs, INDELs, and microsatellite markers.
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In dbSNP, HIM professionals can find detailed information about each genetic variation, such as the
type of the variation, the location of the variation in a chromosome, the relevant genes, and populationspecific allele frequencies and genotypes, which are all critically important in precision medicine.37 For
instance, according to one recent journal article,38 a SNP with ID rs2981579 is associated with breast
cancer. A simple query in dbSNP with this SNP ID can tell us that this genetic variation is in the FGFR2
gene and the specific location of this genetic variation is in chromosome 10, position 121577821; and it
occurs in multiple populations, such as European, Asian, and African populations. Therefore, in
healthcare practice, HIM professionals can specifically check whether their patients have this genetic
variation in this gene (FGFR2) and provide the results to physicians.
The dbVar database (http://www.ncbi.nlm.nih.gov/dbvar) archives large-scale genetic variations
for multiple species and is based on various genomic studies. A number of large-scale variations are
associated with diseases. Data in dbVar are organized according to the study or publication. Genetic
variation types in dbVar include INDELs and CNVs.39 HIM professionals can perform searches in dbVar
to determine the type of genetic variation, the location of the variation, the relevant gene, and the clinical
relevance of the variation (e.g., pathogenic, likely pathogenic, uncertain significance).
The Database of Genomic Variations (DGV; http://dgv.tcag.ca/dgv/app/home) provides a catalog
of human structural variations including INDELs and CNVs. The database is periodically updated
according to results reported in peer-reviewed research articles. DGV aims to catalog the highest-quality
structural variations in the literature, and it presents the results in a format that is convenient for
healthcare professionals and researchers.40 HIM professionals can search the DGV database using
keywords, gene symbols, genetic regions, and the specific location on a chromosome. This database can
be helpful for HIM professionals to use when collecting data for specific disease registries, such as
cancer, stroke, and diabetes registries.

Variations and Disease/Phenotype Databases
Online Mendelian Inheritance in Man (OMIM; http://www.ncbi.nlm.nih.gov/omim) is a
comprehensive database that catalogs known diseases and their associated genetic variations. Each
OMIM record has a summary of one disease and its relevant genes and variations in human genome as
reported in the literature.41 It is particularly useful when HIM professionals want to find all genetic
variations associated with one specific disease, or genetic diseases associated with one genetic variation
or gene.
The Human Gene Mutation Database (HGMD, http://www.hgmd.cf.ac.uk/ac/index.php) is the
gold-standard resource for comprehensive data on published human inherited disease mutations.42 Each
HGMD record includes a reference to the first literature report of a mutation, the associated disease
specified in that report, and the gene name, symbol, and chromosomal location. HGMD can be useful to
HIM professionals looking for databases to add to a healthcare system data repository. It can also provide
useful information on clinical trials, evidence-based best practices, and quality improvement studies.
ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) is a database that provides information about the
medical relevance of genetic variations.43 It archives the relationship between medically significant
variations and their phenotypes. ClinVar is strongly related to dbSNP and dbVar because it maintains
information about the location of variations in human genome assemblies. Unlike dbSNP and dbVar,
Clinvar accepts direct submissions of structured details of phenotypes, and it provides interpretation of
the functional and clinical significance of genetic variations. ClinVar can be used by HIM professionals
when overseeing the clinical registry function within their healthcare organization.
SNPedia (https://www.snpedia.com/) is a wiki-based database.44 Researchers convert information
presented in large-scale peer-reviewed genomic studies into a machine-readable format and then store the
information in SNPedia so that the information is easily accessible to researchers. SNPedia supports
personal genome annotation, interpretation, and analysis. This database links the genetic variations to
information about diseases or phenotypic traits published in genomic studies. HIM professionals can refer
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researchers to the important information provided in this database or use it themselves when compiling
annual reports and other business reports that examine linkages of disease.
The use of these databases can be outlined as follows: Short variations can be found in dbSNP.
Structural genetic variations can be found in dbVar. Structural variations from healthy people can be
searched in DGV. The associations between human SNPs and disease/phenotype can be obtained from
SNPedia. OMIM can be used to find the association between human genetic variations and diseases,
including an extensive description of relevant genes and phenotypes. HGMD can be used to learn more
about the association between human variations and genetic diseases. Table 1 summarizes these genetic
variation databases.

Genetic Variation Analysis
After a genome is sequenced, one critically important step is to analyze the sequence data. Specific to
genetic variations, there are four types of analysis:
1.
2.
3.
4.

Variation identification,
Variation annotation,
Variation visualization, and
Variation and disease association.

These tasks are typically done by genetics/genomics researchers instead of HIM professionals;
therefore, we will only briefly describe them. The more clinically relevant variation analysis task is
genetic variation filtering and identification of associated diseases via existing tools, which is described at
the end of this section.

Variation Identification
Variation identification is the process of identifying genetic variations from DNA sequence data.45
Usually variation identification can be done by comparing a newly sequenced human genome with the
reference human genome and identifying candidate sites at which one or more samples differ from the
reference sequence.46 Several tools for identifying variations, such as CRISP, GATK, and SAMtools, are
available.47, 48

Variation Annotation
Variation annotation refers to the classification and prediction of the functional impact of variations,
followed by filtering and prioritization of the ones that cause diseases.49 Several tools are available for
variation annotations; these tools include ANNOVAR,50 VEP,51 and SVA.52

Variation Visualization
Variation visualization refers to the validation and visual representation of genetic variations.53 IGV54
and UCSC Genome Browser55 (https://genome.ucsc.edu) are commonly used variation visualization
tools at various levels of detail, from base pair level to chromosome level.

Variation and Disease Association
The study of genetic diseases has a long history.56 However, only after the recent improvements in
DNA sequencing,57 researchers can now study genetic variations in the whole genome and their
association with diseases. For instance, in recent years, genome-wide association studies (GWAS) have
been widely used for the discovery of genetic risk factors associated with human diseases.

Genetic Variation Analysis Tools for Clinical Purposes
In this section, we present several tools that help HIM professionals manage and analyze genetic
variations conveniently. After all, once a patient’s genomic data is integrated into the patient’s EHR, HIM
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professionals will be the key personnel to use existing software tools to analyze and manage the data and
make the analysis results available to physicians for precision medicine practice.
An integrated system of patient genomic information management and analysis for healthcare
professionals was created to enable genetic variation analysis and management in the healthcare
environment.58 In this Java-based system, HIM professionals can upload the patient’s genetic variation
data in VCF format (VCF–Variant Call Format, a widely used text file format for describing genetic
variations) and obtain reports about the risks of genetic disease and the patient’s response to certain
medications.
VCF-Explorer is a software tool that can be used to perform analysis for large genetic variation files
in the VCF format.59 The software program can run on various computational platforms, from laptops to
high-performance computers. HIM professionals can use the graphical user interface (GUI) to filter
variations based on specific samples or variant-level annotations.
VCF.Filter is a user-friendly and standalone tool that allows users to search for genetic variations that
cause rare diseases.60 The software provides a GUI that helps users design filtering rules and apply them
to any VCF file.
The myVCF desktop application allows users to explore, query, visualize, and export genetic
variation data.61 The application provides a browser interface that is compatible with Windows, MacOS,
and UNIX systems. It can manage multiple VCF files, and it allows users to browse the information
contained in the VCF file. The application provides a flexible search engine that allows users to perform
queries about region/variant coordinates, gene symbols, or dbSNP IDs.
VariantDB is a web-based annotation and filtering platform that automatically annotates variations
with allele frequencies, functional impact, pathogenicity predictions, and pathway information.62
After patients have their genome sequenced, HIM professionals can use variation identification
programs to determine genetic variations in patients. They can use the software tools mentioned in this
article to filter genetic variations associated with certain diseases, and they can visualize these genetic
variations, perform searches in variation-disease databases to learn details about these genetic variations,
and explain the results to physicians. Physicians can then design a personalized treatment plan for each
patient. In this entire process, HIM professionals do not need to know the detailed implementations of
these software programs and databases, but they do need to have basic knowledge of them and know how
to search in these databases and use these tools. The obtained results (variations and reports from
variation analyses) can be stored in the EHR so that they can be used to support the physician’s treatment
decisions, clinical coding, and patient outcomes. In other words, working on genomic data is a natural
extension of the HIM professional’s typical job functions, such as managing data, performing data
analysis using software programs, and protecting patients’ data security and privacy.63

Conclusion
This article provides a brief introduction to genetic variations and some existing databases and data
analysis software programs. Because HIM professionals have the skills for managing and processing
large-scale clinical data, they may need only a minimum amount of training in genomics (such as basic
concepts, frequently used databases, and data analysis programs) to be able to understand genomic data
and extract desired information for clinical practice. In this way, HIM professionals can play a key role in
the implementation of precision medicine nationwide.
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Table 1
Summary of Genetic Variation Databases
Name
dbSNP
dbVar
DGV
OMIM
HGMD

ClinVar
SNPedia

Purpose
Stores all types of genetic variations less than 50 base pairs
Archives large-scale genetic variations
Provides a catalog of structural variations, including insertion,
deletion, and copy number variations
Catalogs known diseases with their genetic component
Includes a reference to the first literature report of a mutation,
the associated disease state, and the gene name, symbol, and
chromosomal location
Archives the medically significant variations and phenotypes
Converts the information in large-scale peer-reviewed genomic
studies into machine-readable format

Species
All species
All species
Human
Human
Human

Human
Human
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Figure 1
Illustration of Single Nucleotide Polymorphisms (SNPs)

Source: National Human Genome Research Institute. Available at
http://www.genome.gov/glossary/index.cfm?p=viewimage&id=185.
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Figure 2
Illustration of Single-Base Insertions and Deletions (INDELs)

Insertion of G

Deletion of T

