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1. Introduction 

The rapid development of Genomic technology, especially DNA sequencing, 
provide a powerful tool to understand the human genome more and more 
conveniently over the last decade. Human Genome Project1, the International 

HapMap Project2,3, Human Genome Diversity Project4，HGDP）and 1000 Genomes 

Project5）have been completed. The rapid progress of the Cancer Genome Atlas6, 

International Cancer Genome Consortium(ICGC7）and some reports on genetic 

basis of the common diseases, rare diseases based on the Next-generate 
sequencing technology, make us understand that there is genetic basis for more and 
more diseases, which is helpful to predict the risk and early diagnosis of a disease, 
especially a genetic disease, even response and adverse to a drug8,9,10. 
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The development of human genomics, disease genomics and 
pharmacogenomics is bringing a medical revolution, which will provide a new pattern 
of health management, prevention, diagnosis and treatment of the diseases, and 
enter an era of personalized or precision medicine eventually. Many diseases such 
as cancers, Mendel diseases, are caused by the mutations on the according genes.  
Genetic testing may be necessary in the study or medical practice of a disease. 
Targeted sequencing on the candidate genes is one of the feasible methods 
balancing the need and cost. Genes-variants-phenotype database for a special 
genetic disease or phenotype needs to be compiled. Firstly, in the design stage, 
target regions and pathogenic variants need to be determined. Too large regions will 
increase the sequencing cost and increase the false positive rate, while too small 
regions will reduce the sensitivity. On the other hand, the result interpretation also 
needs the clinical evidence of a variant. The information of phenotype and variants 
relationship is erupting every day by the high throughout technology. So the timely 
update of the gene-variant-phenotype database is essential. However, it is inefficient 
and troublesome to capture the information from the literature directly. How to 
capture the information rapidly and accurately is an issue to be solved. 

Fortunately, many integration databases focusing on the relationships among 
human genes/variants and phenotypes have been public and can be freely 
accessible, which include HPO, MedGen, GeneReview, OMIM, ClinVar, Orphanet, 
Uniprot, and COSMIC etc. It may be a solution to capture the genes and variants 
related to a disease based on the public databases. However, Manual parsing and 
searching the information from these databases one by one is time-consuming and 
error-prone. The R package, VarfromPDB, was developed to further ease the use of 
this vast amount of genomic data. It can be very valuable for R programmers or 
anyone who is interested in disease-related genes/variants in precision medicine 
based on the target sequencing strategy using automated scripting. 

2. Getting started 

The VarfromPDB package provides the following functionalities to capture the 

genes and variants related to a genetic disease especially Mendel disease from 
public databases. 

1) Localize the public databases: localPDB() performs the localization of the 

necessary files in several databases, including HPO, Orphanet, OMIM, ClinVar and 
Uniprot.  

2) Getting the alias of a genetic disease: VarfromDB gets the alias of a genetic 
disease from HPO database for a given keyword, which can be a disease name 
or a clinical feature.  

3) Capturing the genes related to a genetic disease/phenotype: The information 
of relationships among genes and phenotypes are extracted from several public 
databases including HPO, OMIM, ClinVar, Orphanet, Uniprot respectively. The 
gene names are transformed into the approved symbols based on HGNC 
database, and then gotten the union of the relationship pairs by gene 
symbols/locus and phenotypes.  

4) Capture the variants on the genes related to a known genetic disorder: The 
variants on the candidate genes, which may be the interested genes or all the 
integrated genes from different databases, are extracted from OMIM, ClinVar, 
and Uniprot database respectively. The according phenotypes are checked 
whether they are related to the interested disease or clinical feature.  

5) Capture the genes and variants from PubMed 
What’s more, the information can be captured from disease-related abstracts 
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based on a equery in PubMed by the function extract_pubmed. In the text mining 

process, the abstracts are separated into multiple words or phrases by the 

separators such as blank space, prepositions, conjunctions, or articles in the first. 

Then gene symbols and gene alias in HGNC can be captured, and mutation 

nomenclature recommendations at the DNA level and protein-level by HGVS are 

searched by regular expression and the names set of amino acid. The phenotype 

information can be identified in titles and conclusions by anchoring the high 

frequently words such as ‘syndrome’, ‘with’, ‘Y-linked’, ‘autosomal dominant’, ‘cause*’, 

‘associated’, etc. The mining order of priority is TITLE, CONCLUSION(S), RESULTS, 

METHODS, and BACKGROUD. The gene names are checked and transformed into 

approved symbols. The protein change are transformed  into 3-character 

abbreviations of amino acid.  

6) Compile the genes and variants 
Function genes.compile compiles the union of the different gene sets by the 

approved gene symbols, and then the according phenotypes in different databases 

and gene positions are annotated. Function variants.compile compiles the variants 

from different databases. The variants are compared between ClinVar and other 

databases. Firstly, the captured variants from OMIM is compared with ClinVar by the 

OMIM variants ID, and that from UniProt is compared with ClinVar by the protein 

changes. For PubMed information, both cDNA and protein changes are compared 

with that in ClinVar. Finally a union of gene-variant-phenotype relationships with the 

ClinVar-like format can be gotten consisting of the additional variants and the set 

from ClinVar. Function genes_add_pubmed compares the genes from PubMed 

abstracts with that from the public databases, then the additional gene-phenotype 

pairs are added. 

2.1 Start up 

Assuming that you have installed VarfromPDB package, you first need to load it: 

> library(VarfromPDB) 

2.2 Creating a local database  

We strongly recommend that you download the files from HPO, MedGen, HGNC, 
GeneReview, ClinVar, OMIM, Ophanet and Uniprot before you start a job for the first 
time, which maybe more efficient. All the databases can be free accessed except the 
OMIM, so you should apply for the FTP URL and API key from OMIM before your 
first job. Suppose you already have the OMIM FTP URL and API key, omim.url and 
omim.api. You can just type 
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> localPDB(omim.url= omim.url) 

Database File url 

HPO phenotype_annotatio

n.tab 

http://compbio.charite.de/hudson/job/hpo.annotations/lastStableBuild/artifac

t/misc/phenotype_annotation.tab 

 diseases_to_genes.tx

t 

http://compbio.charite.de/hudson/job/hpo.annotations.monthly/lastStableBui

ld/artifact/annotation/diseases_to_genes.txt  

MedGen NAMES.csv.gz ftp://ftp.ncbi.nlm.nih.gov/pub/medgen/csv/NAMES.csv.gz 

HGNC hgnc_complete_set.tx

t.gz 

ftp://ftp.ebi.ac.uk/pub/databases/genenames/hgnc_complete_set.txt.gz 

GeneReview GRtitle_shortname_N

BKid.txt 

ftp://ftp.ncbi.nlm.nih.gov/pub/GeneReviews/GRtitle_shortname_NBKid.txt 

Cli nVar variant_summary.txt.g

z 

ftp://ftp.ncbi.nlm.nih.gov/pub/clinvar/tab_delimited/variant_summary.txt.gz 

 gene_condition_sourc

e_id 

ftp://ftp.ncbi.nlm.nih.gov/pub/clinvar/gene_condition_source_id 

OMIM morbidmap ftp://ftp.omim.org/OMIM/morbidmap 

 API api.omim.org 

Uniprot humsavar.txt ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/v

ariants/humsavar.txt 

Orphanet en_product6.xml http://www.orphadata.org/data/xml/en_product6.xml 

UCSC refFlat.txt http://hgdownload.soe.ucsc.edu/goldenPath/hg19/database/refFlat.txt.gz 

 

3. Capture the genes and variants related to a genetic disease 

Suppose we are interested in the retinoblastoma 

>keywords  = "retinoblastoma" 

3.1 Extract the phenotypes and genes from HPO   

> HPO.phenotype = pheno_extract_HPO(keywords) 

> print(dim(HPO.phenotype)) 

> phenoID.hpo.omim = as.character(unique(HPO.phenotype[grep("OMIM",HPO.phenotype[,1]),1])) 

> phenoID.hpo.orphanet = as.character(unique(HPO.phenotype[grep("ORPHANET",HPO.phenotype[,1]),1])) 

> genes.hpo = as.character(unique(HPO.phenotype[,3])) 

> genes.hpo = genes.hpo[genes.hpo!=""] 

3.2 Extract genes from Orphanet 

> orphanet.phenotype = extract_genes_orphanet(keyword = keywords, 

                                      HPO.disease = phenoID.hpo.orphanet) 

> print(dim(orphanet.phenotype)) 

> genes.orphanet = orphanet.phenotype[,"GeneSymbol"] 

> genes.merge = union(genes.orphanet, genes.hpo) 

3.3 Extract genes and variants from OMIM 

Suppose you have a OMIM API key, omim.api 
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> omim.phenotype = extract_omim(keyword= keywords, 

                                omim.apiKey = omim.api, 

                                HPO.disease = phenoID.hpo.omim, genelist = genes.merge) 

> genes.omim = omim.phenotype [[1]] 

> dim(genes.omim) 

> variants.omim = omim.phenotype [[2]] 

> dim(variants.omim) 

 

3.4 Extract the genes and variants from ClinVar 

>clinvar.phenotype = extract_clinvar(keyword= keywords, 

                             HPO.disease = phenoID.hpo.omim, genelist = genes.merge) 

> genes.clinvar = clinvar.phenotype [[1]] 

> dim(genes.clinvar) 

> variants.clinvar = clinvar.phenotype [[2]] 

> dim(variants.clinvar) 

3.5 Extract the genes and variants from Uniprot 

> uniprot.phenotype = extract_uniprot(keyword= keywords, 

                      HPO.disease = phenoID.hpo.omim, genelist = genes.merge) 

> genes.uniprot = uniprot.phenotype [[1]] 

> dim(genes.uniprot) 

> variants.uniprot = uniprot.phenotype [[2]] 

> dim(variants.uniprot) 

3.6 Compile the gene and variant database for a disease 

Eventually, we can compile the gene-disease and variants-disease relationships as 
the following steps  

> genesPDB <- genes_compile(HPO = HPO.phenotype, orphanet = orphanet.phenotype, 

                              omim = genes.omim, 

                              clinvar = genes.clinvar, 

                              uniprot = genes.uniprot) 

> variantsPDB <- variants_compile(omim = variants.omim, 

                              clinvar = variants.clinvar, uniprot = variants.uniprot) 
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3.7 Capture the genes and variants from PubMed abstracts 

The information of phenotypes, genes, variants, article title, PubMed ID, public years will be 

captured.  

> pubmed.phenotype <- extract_pubmed(query = "retinoblastoma [Title\\/Abstract] AND (gene[Title\\/Abstract] OR 
genes[Title\\/Abstract] OR mutation[Title\\/Abstract] OR mutations[Title\\/Abstract] OR polymorphisms[Title\\/Abstract] 
OR genotype[Title\\/Abstract] OR SNP[Title\\/Abstract] OR SNPs[Title\\/Abstract] OR associated[Title\\/Abstract] OR 
translocation[Title\\/Abstract])", keyword=keywords) 

> genes.pubmed <- pubmed.phenotype[[1]] 

3.8 Add the additional gene-phenotype pairs 

The gene-variant-phenotype relationships are filtered by the gene status: 1) have a approved 

symbol; 2)  physical position; 3) with definite mutations on the gene. Then the phenotypes are 

checked manually one by one.  

>geneAll <- genes_add_pubmed(genepdb= genesPDB, pubmed=genes.pubmed) 

 

However, because the recoding of some variants are not always to follow the 
nomenclature by Human Genome Variation Society(HGVS), it is a very challenge to 
compile and integrate the variants automatically. We strongly recommend that all the 
genes and variants especially additional variants should be checked manually one by 
one. 
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