

    
      
          
            
  
Welcome to CGAR’s documentation!
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1. Introduction

Clinical Genome & Ancestry Report (CGAR) is an interactive web application to dynamically filter and organize clinically implicated variants from variant call files in VCF.
Variants are annotated with latest information from diverse sources and can be searched by simple yet comprehensive filtering options, with various links to external resources.

CGAR organizes variants according to the following categories:


	Reported disease-associated variants from HGMD® (license required)  and ClinVar,


	Variants in putative disease-associated genes,


	Secondary findings recommended for reporting,


	Variants with pharmacogenomic consequences,


	Variants on user-defined genes,


	De novo variant candidates for trio (if parental samples are specified),


	Germline or somatic (if matched control sample is specified) variants implicated in cancer risk, diagnosis, treatment and prognosis.





Note

Some sections of CGAR report require specific license. Only registered users with proper license are allowed to access them.


  
    

    2. Upload Own Variant Files
    

    
 
  

    
      
          
            
  
2. Upload Own Variant Files

Clicking Upload sample at the top menu opens a page for users to upload their own variant call file.
The files need to follow the Variant Call Format [https://samtools.github.io/hts-specs/] (VCF), and only one file can be uploaded at a time.
However, VCF files containing more than one individual or sample are accepted.

[image: _images/upload_dialog.png]
First, users need to select correct version of human reference genome assembly (Genome build): hg19 or hg38.
If uncertain, it is recommended to check the header lines within the file (lines starting with #).
To do so, you can run the following command in a terminal:

# if the file is gzip-compressed
$ zcat /path/to/variant/file.vcf.gz | head -n <arbitrary number of lines to view>
# if the file is not compressed
$ head -n <arbitrary number of lines to view> /path/to/variant/file.vcf

##fileformat=VCFv(version number)
...





Then, look for a line starting with ##reference=.
This line usually contains file name for referece genome fasta file, which could provide a hint of reference genome assembly version.
For example, if the filename contained b37, hg19, or human_g1k_v37, it’s most likely that you can choose hg19.
Or, find lines starting with ##contig=, which list the set of chromosomes with their names and lengths.
From Human Assembly Data in Genome Reference Consortium [https://www.ncbi.hlm.nih.gov/grc/human/data], you can find chromosome lengths in different versions of assembly, and match with values found in your VCF file.

Next, the global ancestry (Ancestry) for the individual or sample to be analyzed, if known, is recommended to be set.
The same five continental groups as in the 1000 Genomes Project [http://www.internationalgenome.org] are used: African, East Asian, European, South Asian, and American.
If unknown or uncertain, it can be left as Unknown/Unspecified, and CGAR will estimate the global ancestry from variant file.

In the Variant file, local variant file can be selected for uploading to CGAR.
Only files ending with the extension of .vcf or .vcf.gz are accepted.


Note

Due to limitation on storage space, please contact us before uploading a file containing large number of individuals (more than 100 individuals).
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3. Start Analysis on CGAR

To start analyzing any of finished samples, simply click Report from the top menu to open the dialog as follows.


See also

Refer to Upload Own Variant Files for how to add new samples or check if the samples are ready.
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4. Inside CGAR Report

For each sample, the generated report shows the name (identifier) of the chosen sample with 9 sections of variants organized by their analytical implications.


	(Restricted) Disease-associated variants reported in HGMD [http://www.hgmd.cf.ac.uk/] - HGMD


	Disease-associated variants reported in ClinVar [https://www.ncbi.nlm.nih.gov/clinvar/] - ClinVar


	(Restricted) Variants on genes associated with rare-diseases in OrphaData [http://www.orphadata.org/] - Orphanet


	Variants on genes with putative association to user-defined phenotype - Phenotype associated


	Secondary findings - ACMG59


	Variants with potential pharmacogenomic implications - Pharmacogenomics


	Variants on user-defined set of genes - Focused report


	De novo variant candidates from trio - De novo candidates


	(Somatic) Variants potentially associated with cancer - Cancer




[image: _images/report_example.png]
The side manu on the left reflects settings for current section and provides means to change settings and to reanalyze.
The main table on the right presents the essential information on variants as well as links to further details or external resources.

In the following sections, each component and section in CGAR report is described in detail.



	4.1. Genotype-based prediction of ancestral composition
	4.1.1. Methods to predict ancestral composition

	4.1.2. Use of ancestral composition in CGAR





	4.2. Side menu and main table
	4.2.1. Components in side menu

	4.2.2. Main report body

	4.2.3. Variant details





	4.3. HGMD variants

	4.4. ClinVar variants

	4.5. Genes associated with rare phenotype

	4.6. Putative phenotype-associated genes

	4.7. Secondary findings

	4.8. Pharmacogenomic variants

	4.9. User-defined set of genes

	4.10. De novo variant candidates

	4.11. Cancer-associated genes and variants
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4.1. Genotype-based prediction of ancestral composition

Since variant allele frequencies vary across populations, the allele frequences needs to be compared with those from population of matching ancestry.
CGAR implements an ancestry proportion analysis for WGS, [EIGMIX], to show the predicted ancestral composition.
The global ancestry (ancestry group corresponds to the majority in the ancestral composition) is derived from the predicted ancestral composition, and used to decide which population should be used to compare allele frequencies.


4.1.1. Methods to predict ancestral composition

EIGMIX derives principal components from surrogate populations with reported ancestry and projects an individual of interest to the principal components to determine its ancestry.
It first assumes center coordinates of principal components for each surrogate population as unit vectors in ancestral composition space.
For example, in 3 ancestral populations A, B, and C, centroids of principal components in A, B, and C are mapped to unit vectors in 3-dimensional space of ancestral composition, \((1,0,0)\), \((0,1,0)\), and \((0,0,1)\).
Then EIGMIX builds linear transformation from the principal component space to ancestral proportions, which is used to calculate the proportions of ancestral populations for an individual.
EIGMIX was selected for its accuracy and ability to handle millions of SNPs and large number of query individuals efficiently.

As surrogate ancestral populations, CGAR uses the five continental-level population groups in the 1000 Genomes Project Phase 3 dataset: African, American, East Asian, European, and South Asian.
Each continental-level population groups can be further divided into 4 to 7 populations.
For example, the continental-level population European in 1000 Genomes Project consists of CEU (Utah residents (CEPH) with Northern and Western European ancestry), TSI (Toscani in Italia), FIN (Finnish in Finland), GBR (British in England and Scotland), and IBS (Iberian population in Spain).
Within each continental-level population, CGAR uses the population showing relatively lower admixed ancestral structure than other population as surrogate population as follows:



	Continental-level population

	Population chosen as surrogate

	The size of chosen population





	American

	PEL (Peruvians from Lima, Peru)

	85



	African

	YRI (Yoruba in Ibadan, Nigeria)

	108



	East Asian

	CHB (Han Chinese in Beijing, China)

	103



	European

	CEU

	99



	South Asian

	ITU (Indian Telugu from the UK)

	102






To balance between groups, 85 individuals are randomly selected from each population, making a total of 425 individuals as reference panel.

Next, only common bi-allelic SNPs (minor allele frequency of 5% or higher in 1000 Genomes Project) are collected from the 425 individuals.
The selected SNPs were further pruned to make 1058271 SNPs that were at least 2000 bases apart from each other.

For each new individual, only the common variants between the given individual and the 1058271 SNPs in the reference panel are used for EIGMIX analysis.
With common variants, EIGMIX builds new principal component space and derives new linear transformation to map between principal component space and ancestral proportions space.
Then the coordinate of new individual in principal component space is calculated and converted to predictions on ancestral proportions of the new individual.



4.1.2. Use of ancestral composition in CGAR

In the main screen of generated reports in CGAR, there is a link Show predicted ancestry which opens graphs as in the following image:

[image: _images/ancestry_graph.png]
The pie chart on the left shows the predicted ancestral composition of the selected sample (Miller).
In the current example, European takes the majority of ancestral composition.
When multiple samples are selected (as in the case of trio or cancer-control pairs), the ancestral compositions of all selected samples are drawn as nested doughnuts.

CGAR shows the ancestral compositions of 278 individuals from the Simons Genome Diversity Project (chart on the right).
These individuals were recruited from 127 populations from disparate locations around the world, and each pie graph was plotted on the matching geographic location.
Users can interpret the ancestral origin of the sample by comparing it with these individuals.

In this example, the majority of ancestral composition is European, which is also confirmed by pie charts from individuals on European nations.
Therefore, for this sample, when selecting rare variants, it would be accurate to select variants based on allele frequencies in European populations.



[EIGMIX]

	Zheng and B. S. Weir. Eigenanalysis of SNP data with an identity by descent interpretation. doi:10.1016/j.tpb.2015.09.004 [https://doi.org/10.1016/j.tpb.2015.09.004].












          

      

      

    

  

  
    

    4.2. Side menu and main table
    

    
 
  

    
      
          
            
  
4.2. Side menu and main table


4.2.1. Components in side menu

The side menu on the left of main report body provides an interface for users to control and adjust parameters in CGAR, thus facilitating interactive analysis.

The Tab navigator on the top reflects current tab in the main report, and provides an alternative to navigate betweet tabs.
Selecting the name of different tab from the dropdown list will change the current tab in the main report.

Following Tab navigator, the dropdown list under headings Report for: shows current sample by default.
It shows the same list of analysis-ready samples as in Upload sample.
Users can also select different sample in this dropdown list, and (optionally) adjust parameters below to generate a new report for different sample, moving between samples continuously.

Some of contents in the side menu changes depending on the current tab in the main screen.
For example, if ClinVar tab is focused in the main screen, the side menu will show controls specific to the tab such as the review status of variants in ClinVar.
However, if Pharmacogenomics tab becomes the current tab, the side menu will change to show controls for the new current tab.
The controls in side menu specific to each tab will be described in subsections for the tab.

Controls in the side menu that are common to all tabs are as follows:


	Zygosity: The genotype of variants. Can be either Any (default, includes variants of all genotype), Hom (homozygous variants), or Het (heterozygous variants).


	Ancestry: The population group to take allele frequency values.


	Allele frequency: The upper threshold of allele frequencies for variants to be included in the report. Can be either All (no restriction on variant allele frequencies), <0.5%, <1%, <3%, or <5% (the maximum allowed variant allele frequencies).




The combination of Ancestry and Allele frequency determines how variants are filtered by variant allele frequencies as follows (the default combination of values are varied in each tab):



	Any for Ancestry






	All for Allele frequency: No filtering on variant allele frequency.


	Other values for Allele frequency: Use only variants whose maximum value from allele frequency in any population is less than or equal to the specified threshold value.








	Other values for Ancestry






	All for Allele frequency: No filtering on variant allele frequency.


	Other values for Allele frequency: Use only variants whose allele frequency in the specified population is less than or equal to the specified threshold value.











	Calculated variant consequences: The consequence of variants on genes or transcripts calculated using the Variant Effect Predictor [https://www.ensembl.org/info/docs/tools/vep/index.html]. Can be either Any (no restriction for variant consequences), or specific consequence(s). The full list of possible consequences from VEP is available in this link [https://www.ensembl.org/info/genome/variation/prediction/predicted_data.html]. CGAR allows variant filtering on individual consequences with high, moderate, or low predicted impacts or any combination of them. The default values also varies by tabs.


	Allele frequency based on: Specifies how to use ancestry to determine allele frequency of variants. Can be either Max (default, the same as All in Ancestry), Predicted by genotype (sets values for Ancestry with majority group in the predicted ancestry composition), or Self-identified (only available if Ancestry is specified upon uploading, sets values for Ancestry with the specified value from uploading time).





Note

This option will be merged into Ancestry in future release.
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4.3. HGMD variants


Warning

The contents for this section is available only for users licensed from the Human Gene Mutation Database (HGMD).
Please note that the registration to CGAR does not automatically grant access to HGMD.
Users need to obtain license from HGMD, separately.
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4.4. ClinVar variants


ClinVar is a freely accessible, public archive of reports of the relationships among human variations and phenotypes, with supporting evidence.
ClinVar thus facilitates access to and communication about the relationships asserted between human variation and observed health status, and the history of that interpretation.  (From ClinVar introduction [https://www.ncbi.nlm.nih.gov/clinvar/intro/])




ClinVar [https://www.ncbi.nlm.nih.gov/clinvar/] is a public database which archives reports on relationship between human genomic variants and phenotypes.
Like in HGMD tab, ClinVar tab in CGAR shows variants in the current sample that were previously submitted to ClinVar and their interpretations.

[image: _images/T2.ClinVar.png]
Users can filter variants by their reported clinical significance in ClinVar (Pathogenicity) and the level of review supporting the clinical significance (Review status).
In other words, CGAR can either be set to show variants which had been submitted to ClinVar with multiple evidence of its pathogenicity, or be set to show any variants which had ever been submitted to ClinVar - by controling Pathogenicity and Review status in combination of other controls in side menu.


	Pathogenicity can take any number of values from the 5 levels: Pathogenic (most deleterious) / Likely pathogenic / Uncertain significance / Likely benign / Benign (least deleterious).


	Review status shows the number of gold starts which corresponds to each of the review statuses in ClinVar (link [https://www.ncbi.nlm.nih.gov/clinvar/docs/details/#review_status]) (multiple values are allowed).




In the main table, CGAR shows the phenotype reported with the variant (ClinVar phenotype), links to phenotype databases (Extra phenotype links), and brief summary of variant’s status in ClinVar (Review status).


	Extra phenotype links provide links to MedGen [https://www.ncbi.nlm.nih.gov/medgen/], Online Mendelian Inheritance in Men [https://omim.org] (OMIM), Systematized Nomenclature of Medicine - Clinical Terms [https://www.snomed.org/snomed-ct/] (SNOMED CT), Human Pathology Ontology [https://hpo.jax.org] (HPO), and OrphaNet [https://www.orpha.net/]. If the variant is linked to multiple phenotypes, a set of links is provided for each phenotype.


	Review status column represents slightly different contents from side menu. In the main table, it contains:



	Graphical representation of review status (stars)


	Aggregated interpretation of the variant in ClinVar


	Link to the variant’s record in Clinvar, where all submissions to ClinVar regarding the variant can be viewed.












Note

CGAR tries to maintain the most up-to-date data from all resources. However, there can be some discrepancy between what is available in ClinVAR and CGAR.
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4.5. Genes associated with rare phenotype


Warning

The contents for this section is available only for users licensed from OrphaData.org [http://www.orphadata.org/].
Please note that the registration to CGAR does not automatically grant access to data from OrphaData.org.
Users need to obtain license from OrphaData.org, separately.
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4.6. Putative phenotype-associated genes

For uses who want to focus on variants on genes associated to specific phenotypes or symptoms, but not yet certain about which genes to look for, CGAR provides a method to find candidate variants with phenotypes.

First, CGAR sends the free-form text input from user describing phenotypes to a machine-learning based text search engine in FindZebra [http://www.findzebra.com].

Then, it retrieves information from a corpus of documents consisting of more than 36,000 entries from curated sources such as OMIM, Genetic and Rare Diseases Information Center [https://rarediseases.info.nih.gov/], and OrphaNet, and ranks genes according to gene-specific scores for input phenotype.

From the ranked list of genes, CGAR selects the highest scored genes within user-specified proportion, and shows variants on the genes satisfying conditions on allele frequencies or consequences.

The advantage of using FindZebra is that users are not required to provide standardized ontology terms such as Systematized Nomenclature of Medicine - Clinical Terms [https://www.snomed.org/snomed-ct/] (SNOMED CT) or Human Pathology Ontology [https://hpo.jax.org] (HPO).

[image: _images/T4.Pheno.png]
Here, users are only required to provide list of phenotypes (or descriptions) in the text box (Phenotype), and specify the percentage of high-scored genes you want to use from values 1 (use genes in top 1%), 5, 10, 25, 50, 100 (use all genes).
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4.7. Secondary findings


Caution

The American College of Medical Genetics and Genomics (ACMG) discourages the use of genes in ACMG SF v2.0 for purposes other than reporting incidental findings after clinical sequencing.
Therefore the use of variants in this section outside of clinical sequencing is not recommended.
(based on ACMG statement on the use of ACMG secondary findings recommendations for general population screening [https://www.nature.com/articles/s41436-019-0502-5])
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4.8. Pharmacogenomic variants

The Pharmacogenomics tab in CGAR reports variants or genes that could modulate drug metabolism or interfere with responses to drugs, summarized as in the following three categories:


	Variants specified in the dosage guidelines by the Clinical Pharmacogenetics Implementation Consortium [https://cpicpgx.org/] (CPIC).




CPIC publishes guidelines to help clinicians to optimize drug therapy using genetic test results.
The guidelines are published for pairs of drugs and genes, detailing drug therapy recommendations based on genotypes.
CGAR lists all variants that were used in any of the guidelines, as a reminder to users (especially, clinicians) that some adjustment on drug prescription may be required.


Caution

The guidelines are based on allele types of genes, which may be defined by combination of genotypes in multiple loci.
CGAR currently does not take multiple variants into consideration, and depending on quality of variant data, genotype of some loci might not be available, preventing the accurate application of guidelines.
Thus, CGAR results in this section is best regarded as a reminder that some adjustments may be required. The actual adjustment should be dune after careful evaluation of alleles of the gene.
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4.9. User-defined set of genes

[image: _images/T7.Focus.png]
In cases where specific gene(s) need to be investigated, users can simply type in gene symbo(s) into text box (User genes).
CGAR will show any variants on the gene(s), provided that the variant matches other conditions as well.
Additionally, CGAR shows phenotype and variant category from HGMD® (requires license) (columns HGMD phenotype and HGMD class variant).
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4.10. De novo variant candidates

In cases where variants from both parents are available with an index case, CGAR supports simple de novo variant analysis by identifying heterozygous variants from index case that are not found in both parents.

[image: _images/T8.Denovo.png]
On the side menu, index case (if different from current one) can be selected from Report for: dropdown list. Parental samples are specified by Paternal sample and Maternal sample, respectively.

On the resulting table, if the de novo variant candidate is also found in denovo-db [http://denovo-db.gs.washington.edu/], a collection of germline de novo variants identified in human, the phenotype from denovo-db (Phenotype, the phenotype for the original family study) is also shown.
Additionally, CGAR shows phenotype and variant category from HGMD® (requires license) (columns HGMD phenotype and HGMD class variant).
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4.11. Cancer-associated genes and variants

The Cancer tab in CGAR reports variants that could have implications in cancer, based on the following categories:


	Variants previously found in the Catalog of Somatic Mutations in Cancer [https://cancer.sanger.ac.uk/cosmic] (COSMIC), an expert-curated database of somatic mutations.




COSMIC maintains large collection of expert-curated somatic mutation information relating to human cancers.
From user sample, CGAR lists all variants that had matches in COSMIC.
If the sample is from cancer case, the variants previously found in COSMIC may worth further investigation, especially when the cancer types in COSMIC matches with the sample.


	Variants on genes listed in Cancer Gene Census [https://cancer.sanger.ac.uk/census] (CGC), genes with mutations causally implicated in cancer.




CGC catalogs genes with mutations that have been causally implicated in cancer.
Genes in CGC are divided into two groups based on the level of documented evidence for oncogenic functionality of genes.
CGAR list variants on genes which are grouped as tier 1 in CGC: genes with documented activity relevant to cancer, evidence of mutations in cancer which can change the activity of gene product towards promoting oncogenic transformation.

Along with the above categories, if a matched control sample is avaialble, any variants that were found in both control and the case will be excluded.

[image: _images/T9.Cancer.png]
Checkboxes under Cancer on the side menu allows users to select how to identify variants with potential association with cancer (multiple choices are allowed).

The Cancer control dropdown list under the main sample Report for: allows users to specify the matched control sample.
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5. Running CGAR locally


5.1. Requirements


	Docker [https://www.docker.com/]: any versions of Docker that support docker compose file version 2 and docker-compose.


	CGAR distribution: contains Docker image construction files and source code. Plase contact us for getting the file.


	Free disk space of 700MB






5.2. Installation

First, unpack CGAR distribution file (cgar-dist.tar.gz):

$ cd /path/to/distribution/file
$ tar -xzvf [filename]
$ cd cgar-dist





Next, build Docker images for CGAR (two images for CGAR database and web application, respectively):

# build all images with docker-compose
$ cd /path/to/docker-compose.yaml
$ docker-compose build
# see if images appear in the list of available Docker images
$ docker images





When successful, Docker images cgar-dist_cgar_web and cgar-dist_cgar_db will be created.

Then, adjust application settings for local environment in docker-compose.yml:

version: '2'
services:
  cgar_db:
    build: ./cgar_db
    volumes:
      - ./cgar_web/db:/docker-entrypoint-initdb.d
      - /path/to/save/mysqldata:/var/lib/mysql ## [ UPDATE LOCAL PATH ]
      - /path/to/save/dbkey:/var/lib/mysql-keyring:rw ## [ UPDATE LOCAL PATH ]
    environment:
      - MYSQL_ROOT_PASSWORD=*your_password* ## [ UPDATE THIS ]
      ...
      - MYSQL_PASSWORD=*temp* ## [ UPDATE THIS ]
    command: --early-plugin-load=keyring_file.so
  cgar_web:
    build: ./cgar_web
    volumes:
      - /path/to/vep/cache:/cache:rw ## [ UPDATE LOCAL PATH ]
    ports:
      - "CGAR_PORT:80" ## [ CHANGE PORT NUMBER ]
    expose:
      - "CGAR_PORT" ## [ CHANGE PORT NUMBER ]
    depends_on:
      - cgar_db
    environment:
      ...
      - CGAR_DB_PASSWORD=*temp*   ## [ UPDATE THIS ]
      - VEP_CACHE_DIR=/cache
      - LOW_MEM=1        ## [ UPDATE THIS ]
      - VEP_CACHE_VER=92  ## [ UPDATE THIS ]
      - COSMIC_USER=some.email@institute.edu ## [ UPDATE THIS ]
      - COSMIC_PW=password ## [ UPDATE THIS ]
...





Settings to be customized in cgar_db section:


	/path/to/save/mysqldata: persistent storage for mySQL database tables that will be used in CGAR. Should point to local folder where Docker container can read and write, and have enough disk space for database files (grows over time). If the folder does not exist already, dockder-compose will create it for you.


	/path/to/save/dbkey: persistent location for mySQL encryption key. Should point to an existing local folder where Docker container can read and write.


	MYSQL_ROOT_PASSWORD: this is administrator password for the entire mySQL database in CGAR. Not directly used by CGAR.


	MYSQL_PASSWORD: mySQL password for CGAR application only. Should also be the same as CGAR_DB_PASSWORD under cgar_web section.




Settings to be customized in cgar_web section:


	/path/to/vep/cache: persistent location to store annotation files for VEP. Should have enough space for VEP cache files (~15GB).


	CGAR_PORT: the port number for CGAR web application.


	CGAR_DB_PASSWORD: mySQL password for CGAR application only. Should also be the same as MYSQL_PASSWORD under cgar_db section.


	LOW_MEM: keep the line if the installed memory (or memory available by Docker) < 40GB. Otherwise delete or comment out this line.


	VEP_CACHE_VER: the version of VEP annotation to be used in CGAR. Change this to use the latest VEP version.


	COSMIC_USER and COSMIC_PW: for cancer-associated genes and variants, CGAR uses data files from COSMIC [https://cancer.sanger.ac.uk] (requires COSMIC account). CGAR will use this COSMIC account information to get data fiiles (downloaded only once during the first time of running).




Lastly, start and initalize CGAR application.

# start CGAR container for the first time
$ cd /path/to/docker-compose.yml
$ docker-compose up -d
# check if containers are up and running
$ docker container ls
...
# initialize VEP cache and other internal resources
# (these will take a lot of time...)
# 1. download and build VEP annotations
$ docker -it exec (cgar_web image name) /bin/bash /cgar/build_cache.sh
# 2. prepare ClinVar annotations
$ docker -it exec (cgar_web image name) /bin/bash /cgar/prep_ref_table_clinvar.py
# 3. prepare COSMIC annotations
$ docker -it exec (cgar_web image name) /bin/bash /cgar/prep_ref_table_census.py
$ docker -it exec (cgar_web image name) /bin/bash /cgar/prep_ref_table_cosmic.py
# 4. prepare denovoDB annotations
$ docker -it exec (cgar_web image name) /bin/bash /cgar/prep_ref_table_denovodb.py






Note

The first time of running CGAR images could take a long time due to the amount of time to build internal database.
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6. Contact

General inquiries may be addressed to Sek-Won Kong.

Specific questions regarding the use of CGAR and local installation, please send an email to gNOME staff.
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An Example Use Case


Method - filter variants by allele frequency

Let’s use an artificial sample for Miller syndrome to illustrate steps to identify variants potentially associated with phenotype.

First, select the sample Miller from the list of samples, then click Generate report to start analysis.

[image: _images/select_sample.png]
By default, the ClinVar tab will show 6 variants as shown below.

[image: _images/report_example.png]
However, given the fact that the incidence of Miller syndrome is one in a million newborns (ref [https://ghr.nlm.nih.gov/condition/miller-syndrome]), it could be useful to restrict our search to vary rare variants (allele frequency less than 0.5%), then click Generate report.
(based on ACMG AMP guideline for the interpretation of sequence variants [https://doi.org/10.1038/gim.2015.30], Table 4: Criteria for benign variants, BS1 - allele frequency is greater than expected for disorder.)

[image: _images/miller_2.png]
This will leave us with only 3 variants: 2 missense variants on DHODH gene and one missense variant on PRODH gene.
Of these, the 2 variants on DHODH gene were the disease-assoiciated variants that were added to create artificial samples.



Alternative method - search variants by genes associated with phenotype

Alternatively, we could search for genes associated with the phenotype and identify variants on those genes, within Phenotype associated tab.
Since we know that the variants are from sample with Miller syndrome, type in Miller into the Phenotype text box.
Also, to limit our search for the most relevant genes, we select the top 1% of the genes (select 1 from the dropdown value beneath the Phenotype text box).
We also choose to see any variants that are of high or moderate impact: select both High impact variants and Moderate impact variants under the Calculated variant consequences, then click Generate report.

[image: _images/miller_3.png]
Again, we could see the 2 missense variants on DHODH gene (the same variants we found in the previous method), and another missense variant on CYP21A2 gene.

This example illustrates how CGAR can identify known disease-associated variants or rare variants in the genes associated with phenotype.
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