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Abstract

Identifying the causative variant from among the thousands identified by whole-exome sequencing
or whole-genome sequencing is a formidable challenge. To make this process as efficient and
flexible as possible, we have developed a Variant Analysis Module coupled to our previously
described Web-based phenotype intake tool, PhenoDB (http://researchphenodb.net and http://
phenodh.org). When a small number of candidate-causative variants have been identified in a
study of a particular patient or family, a second, more difficult challenge becomes proof of
causality for any given variant. One approach to this problem is to find other cases with a similar
phenotype and mutations in the same candidate gene. Alternatively, it may be possible to develop
biological evidence for causality, an approach that is assisted by making connections to basic
scientists studying the gene of interest, often in the setting of a model organism. Both of these
strategies benefit from an open access, online site where individual clinicians and investigators
could post genes of interest. To this end, we developed GeneMatcher (http://genematcher.org), a
freely accessible Website that enables connections between clinicians and researchers across the
world who share an interest in the same gene(s).
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Introduction

The number of Mendelian disorders whose molecular basis is known has increased steadily
over the last 5 years with the advent of whole-exome and whole-genome sequencing (WES
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and WGS, respectively) and with the development of appropriate analytic strategies [Ng et
al., 2010; Sobreira et al., 2010; Boycott et al., 2013; Beaulieu et al., 2014] (Fig. 1). Initially,
these approaches were utilized in research laboratories to identify the genes responsible for
Mendelian disorders and, more recently, in clinical laboratories as WES became a cost-
effective diagnostic tool to solve puzzling clinical cases [Jacob et al., 2013; Yang et al.,
2013; Lee et al., 2014; Yang et al., 2014].

Despite this progress, recognition of a causative variant from among thousands of sequence
variants identified either by WES and WGS remains a challenge. For example, ~75% of
cases evaluated by clinical WES are not solved [Yang et al., 2013; Lee et al., 2014; Yang et
al., 2014]. Previously, as part of the Baylor—-Hopkins Center for Mendelian Genomics
(BHCMG), we developed PhenoDB, a Web-based system for managing and analyzing
phenotypic/clinical and sequencing information [Hamosh et al., 2013]. Here, we describe the
WES/WGS Sample Tracking and Variant Analysis Modules that have been added to
PhenoDB to assist in the process of variant filtering and prioritization strategies. PhenoDB is
now available in two versions: http://researchphenodb.net and http://phenodb.org. At http://
researchphenodb.net, the entirety of PhenoDB, including the Sample Module and ELSI
module for consent deliberation [Hamosh et al., 2013] is available for download at no cost.
This version of PhenoDB is suggested for large projects with large numbers of samples to be
sequenced. A simpler tool, http://phenodb.org, is also freely available for download or use as
an online tool. Phenodb.org includes identifiers, associated clinicians, and different
outcomes: in progress, solved, or unsolved, but does not include the Sample or ELSI
Modules. We created phenodb.org for centers wishing to store and reanalyze VCFs from
clinical WES sent on their patients. We suggest that to try the Variant Analysis Module, the
user should create an account in phenodb.org.

Ultimately, to define a variant as being causative, we often require multiple unrelated
individuals with a similar phenotype who have mutations in the same gene. This goal can be
difficult to achieve because many Mendelian disorders are quite rare. Thus, sharing
phenotypic and genotypic information about specific candidate genes can facilitate rapid and
unambiguous identification of the causative variant and disease gene from a set of
candidates. Such data sharing also connects basic scientists working on a particular gene,
gene networks, and/or classes of phenotypes in model organisms with clinical investigators
interested in the orthologous human phenotypes and genes. With this in mind, we developed
GeneMatcher (http://genematcher.org), a freely accessible Web-based resource designed to
enable connections between clinicians and basic scientists around the world who share an
interest in the same or orthologous gene(s). GeneMatcher allows investigators to post genes
of interest and connect with others posting the same genes. When a match occurs, each
submitter receives an automatic email notification. Further communication is at the
discretion of the submitters. GeneMatcher also has an option to match on OMIM phenotype
numbers and genomic position. In the near future, we expect to add tools enabling matching
based on phenotypic features. As part of the Matchmaker Exchange project (http://
matchmakerexchange.org/), we have also developed an application programing interface
(API; available upon request) that is being implemented and allows submitters to query other
databases of genetic variants and phenotype information (e.g., PhenomeCentral [https://
phenomecentral.org/], DECIPHER [https://decipher.sanger.ac.uk/], etc.).
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PhenoDB Variant Analysis Tool

Overview

Analyze

The PhenoDB variant analysis tool enables efficient and adjustable sequence analysis
coupled to the clinical information housed in PhenoDB [Hamosh et al., 2013]. To enter
PhenoDB in any capacity, it is necessary to register as a user. User authorizations are granted
by a system administrator and are required for access to any of the different modules of the
database (Fig. 2). The Variant Analysis Module, accessible from any other Module or
Function in the submission, stores the clinical summary, variant call file (VCF) and
ANNOVAR files [Wang and Hakonarson, 2010] from each member of a family under
investigation, any information derived from a SNP array analysis, including any of the
following file types: PLINK, CNV report, LOH report, B_Allele_Freq and LogR ratio
chromosome plots, PCA plot, relatedness check, .ped, QC report. The analysis module also
stores the deliberations and final conclusions regarding the analyses; the final results file
including genes and variants that are likely causative for the disorder under consideration;
and, the variant genotyping file which includes variants that were validated by an
orthologous sequencing method and their segregation among other family members
genotyped but not submitted for WES and/or WGS. We structured the data into fields that
can be used to generate a report to the submitter and be displayed in summary tables.

The Analyze function, also accessible from any other Module or Function in the submission,
allows the design of the data filtering strategy and variant prioritization and a PDF showing
detailed steps of how to access and use it is found in the Supporting Information. The
Analyze function page will display a table with the family members and their IDs, their
affection status (adjustable if desired), and the ANNOVAR files for each individual
sequenced. ANNOVAR is a software tool that functionally annotates genetic variants
detected from genome sequence. Given a list of variants from WES or WGS, the TABLE
ANNOVAR function will generate an Excel-compatible file with gene annotation, amino
acid change annotation, SIFT scores, PolyPhen scores, LRT scores, MutationTaster scores,
PhyloP conservation scores, GERP++ conservation scores, dbSNP identifiers, 1000
Genomes Project allele frequencies, NHLBI-ESP 6500 exome project allele frequencies, and
other information [Wang et al., 2010]. The submitter selects the ANNOVAR files to be used
in an analysis of a particular family and is also able to change the affected status of the
chosen individuals. This is useful in cases where incomplete penetrance is suspected. Next,
the submitter selects the inheritance pattern for each analysis trial (autosomal-recessive
compound heterozygous; autosomal-recessive homozygous; X-linked recessive; autosomal-
dominant new mutation; autosomal-dominant inherited mutation; autosomal-dominant
variants). Each inheritance pattern follows a different set of rules:

»  Autosomal-recessive compound heterozygous includes only the heterozygous
variants identified in the proband (assumed to be affected); if there is more than one
affected family members, the analysis include only the variants that are identified in
all affected members; next, the analysis includes only the genes that have more than
one variant in the proband but if the same set of variants in a gene is found in one
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of the parents or in other unaffected family member then this gene (and its variants)
is excluded of the analysis (Fig. 3A) [Hoover-Fong et al., 2014; Sobreira et al.,
2015];

» Autosomal-recessive homozygous identifies homozygous variants that are shared
by all affected individuals and excludes variants that are homozygous in an
unaffected individual [Hoover-Fong et al., 2014;Migliavacca et al.,
2014;Moldenhauer Minillo et al., 2014];

»  X-linked recessive excludes X-linked variants found in a related unaffected male
but retains X-linked heterozygous variants present in unaffected females;

»  Autosomal-dominant new mutation excludes heterozygous variants that are also
identified in a parent [Gripp et al., 2015];

e Autosomal-dominant inherited mutation retains heterozygous variants that are
shared by affected individuals and excludes those found in unaffected individuals.
Here, the submitter also has the option of looking for variants shared not only by all
the affected individuals but by a subset of them, accounting for errors including
misclassification as affected or failure to identify a variant by the WES/WGS in one
of the affected individuals;

e Autosomal-dominant variants retains heterozygous variants with a minor allele
frequency (MAF) less than the threshold selected for the 1000 Genome and Exome
Variant Server and excludes variants found in a particular version(s) of doSNP
database, if any is selected [Gripp et al., 2015]. It should be used when only one
individual is being analyzed.

The submitter then selects: (1) the types of variants to include in the analysis (protein coding
exonic [missense, nonsense, indels, synonymous], splice site [20 bases into the introns],
nonprotein coding exonic [3’'UTR, 5’UTRY]), with the option to exclude variants found in
dbSNP 126, 129, and/or 131; (2) the MAF cutoff value for variant exclusion in the 1000
Genomes Project [The 1000 Genomes Project Consortium, 2012] and Exome Variant Server
(release ESP6500SI-V2) databases; and (3) exclude/include X chromosome variants (Fig. 4).
The analysis runs in less than a minute and generates tab-delimited and Excel files that can
be stored indefinitely in the Analyze function page along with the date of creation and a log
detailing each step and the options selected in the analysis process (Fig. 5). The analysis log
succinctly and unambiguously describes the analysis as well as serving to control for and
identify analytic errors (Fig. 3A). Analysis result lists can be deleted or retained and selected
to populate the final results table provided in the submission view (Fig. 5). In each analysis
result list, biological information from external databases such as OMIM (http://
www.omim.org/); Mouse Genome Informatics (http://www.informatics.jax.org/); Gepis
Tissue (http://research-public.gene.com/Research/genentech/genehubgepis/index.html);
Gene Cards (http://www.genecards.org/) information including interaction network data
(http://string905.embl.de/newstring_cgi/show_input_page.pl?
Userld=MpGrSTzkKX50&sessionld=yfkeAXmEWLKZ, http://ophid.utoronto.ca/
ophidv2.204/index.jsp, http://mint.bio.uniromaz2.it/mint/\Welcome.do, http://
www.uniprot.org/) and Gene Ontology data (http://amigo.geneontology.org/amigo); Pubmed
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(http://Awww.ncbi.nlm.nih.gov/); ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/); UniProt
(http://www.uniprot.org/); Intolerance Score and Percentile [Petrovski et al., 2013]; and
CADD Score [Kircher et al., 2014] are added and can be used to guide the interpretation and
prioritization of the candidate variants together with the information provided by
ANNOVAR.

In the Family, Sample & VCF/ANNOVAR Files section of the Submission View, the
submitter can upload the VVCF and the program automatically converts it to an ANNOVAR
file in the format utilized by the analytic program in both versions of PhenoDB (http://
researchphenodb.net and http://phenodb.org). If the submitter is using the online tool of
phenodb.org, the VCF file is erased as soon as it is converted to the ANNOVAR file and the
ANNOVAR file is available for analysis for 24 hr after the last analysis, after that it will also
be erased but all the analysis result lists are stored in the Analyze function page. If the
submitter uploads a combined VVCF, the program offers a tool (tools section) that generates
an individual VVCF file for each individual in the combined file.

The analysis log also includes a list of up to 20 possible diagnoses generated by a search in
OMIM based on the phenotypic features of the proband added by the submitter (Fig. 3B).
PhenoDB terms have been mapped to human phenotype ontology (HPO) (http://
www.human-phenotype-ontology.org) terms to provide feature definition and synonyms.
HPO terms where originally extracted from OMIM Clinical Synopses and match them
closely. This allows PhenoDB to perform an OMIM search by taking the PhenoDB features
selected for an individual of interest, constructing a search using the matching HPO terms,
running that search against OMIM and returning the top 20 diagnoses for that search. The
OMIM search is restricted to the OMIM phenotype entries and/or a specific inheritance
pattern if it is specified in the submission and if the HPO terms are searched for as phrases.
The matching OMIM documents are ranked using standard TF.IDF (term frequency/inverse
document frequency); a document will be more relevant if a term occurs more frequently
[Amberger et al., 2011; Kohler et al., 2014]. If a gene in the analysis result list is known to
cause any of the top 20 suggested diagnoses, the gene is flagged for the submitter, thereby
facilitating the recognition of a known disease gene(s) possibly responsible for the
phenotype being investigated [Meloni et al., 2014; Migliavacca et al., 2014].

An alternative search tool based on phenotypic features is found in the Tools section where
the submitter can also find a Diagnosis Search function created to allow for a diagnoses
search independent of the entry being saved in PhenoDB. This search will not be saved.

From any other Module or Function in the submission (Fig. 2), the submitter can invoke the
Filter function designed to facilitate the search for new and known disease genes and
incidental findings. For example, the ANNOVAR file or analysis result list can be filtered to
retain only the variants in the 56 genes in the ACMG incidental findings list [Green et al.,
2013] or the variants in a selected gene list defined by the submitter. Any ANNOVAR file or
analysis result list can also be filtered to select variants in an existing list of genes associated
with a phenotypic series from OMIM. The submitter can also select for variants in genes that
interact (first-, second-, or third-order interactions) with other genes of interest. For example,
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if the submitter is interested on the RAS-MAP kinase pathway, they can filter any file to
retain only variants in gene(s) that have a known second-order interaction with one or more
selected genes in this pathway.

From the homepage, the submitter can access the Analyses section where he/she can create
an analysis sandbox to upload and analyze ANNOVAR files from individuals not previously
submitted as part of the original project. The sandbox is only available at http://
researchphenodb.net. The submitter can also display all the analysis result lists available in
the database and select a number of different lists from unrelated families and compare them
asking which genes are mutated in any number of lists out of the total number of lists
selected,; this tool is very useful in the analysis of cohorts with or without locus
heterogeneity, and it has proved to be very efficient [Hoover-Fong et al., 2014; Gripp et al.,
2015].

A polygenic analysis is also available in the Analyses section. For this, the submitter can
create multiple gene lists derived from unrelated probands/families and compare them
asking for what set of probands/families have mutations in the same set of genes (two or
more). For example, comparing the autosomal-dominant file of 10 unrelated probands, a
possible result would be that of these 10 probands, four have mutations (different or not) in
the same two genes.

Analyses Search

From the homepage, the submitter can also access the Analyses Search section where he/she
can search for a gene or variant (using bp position number) among all the analysis result lists
generated for all the entries or narrow the search specifying the inheritance pattern of the
analysis result lists or searching only among the final result lists.

Samples Module

From the Submission or Analysis Modules, the submitter can also go to the PhenoDB
Samples Module (Fig. 2). This provides a site where sample ID numbers are assigned and
samples are tracked from the point of their receipt through their transfer to the sequencing
laboratory. A sample_ID number is created for any subject who has been defined in the
“Family and Samples” section of the PhenoDB entry. The system suggests a sample 1D
based on the individual’s PhenoDB member_ID plus a sequentially numbered suffix. The
user indicates the type of sample (e.g., blood, saliva, and tumor) associated with the
sample_ID. Multiple sample_IDs can be assigned for each individual. The user can also
enter his/her own independent sample ID. The system provides for the creation and storage
of three types of manifests: intake, repository, and sequencing. It also provides for recording
date of sample receipt, date sample sent to repository, date sent to sequencing laboratory,
type of sequencing requested, laboratory doing the sequencing, and data returned from the
sequencing laboratory. This information can be entered manually or by parsing data in a
manifest file. Bulk data upload is available using an Excel spreadsheet. This can be used
both to create new samples for the same or additional subjects and to add data to previously
entered samples. All sample data can be downloaded as a tab-delimited file or Excel
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spreadsheet. Standard queries allow sample data to be accessed based on several attributes,
including submitter name, sample type, sample_ID, family or cohort_ID, and manifest.

GeneMatcher

GeneMatcher (http://genematcher.org) is a freely accessible Website designed to enable
connections between clinicians and researchers from around the world who share an interest
in the same gene(s) or orthologous genes. The principle goal for making GeneMatcher
available is to help solve “unsolved” exomes. This may be done with cases from research or
clinical sources. No identifiable data are collected. GeneMatcher is also useful for basic
scientists who have an interest in a gene or set of genes characterized in model organisms
and who now wish to connect with clinical geneticists with human patients with mutations in
the orthologous gene or genes. GeneMatcher was developed with support from the BHCMG
as part of the Centers for Mendelian Genomics network. The site allows investigators to post
a gene (or genes) of interest and connects investigators who post the same gene. The match
is done automatically and, to protect privacy, the database is not searchable. When a match
occurs, the submitters will automatically receive email notification. Follow-up is at the
discretion of the submitters. Aside from the site administrator, no one has access to all the
information in the database. Submitters have access to their own data and may edit it or
delete it at will. Users create an account and submit gene(s) of interest (by gene symbol or
base pair position). Alternatively, if the submitter has an account in any instance of
PhenoDB, the genes of interest can be submitted directly from PhenoDB to GeneMatcher.
There is also an option to provide and match diagnosis based upon OMIM® number, but this
is not required. If a match is not identified at the time of submission, the genes of interest
will continue to be queried by new entries. Genes or gene lists may also be left on the site
even after a match has been identified. We have also developed an API (available upon
request) that allows submitters to query other databases of genetic variants and phenotype
information (e.g., PhenomeCentral [https://phenomecentral.org/]). In the future, we expect to
enable matching based upon phenotypic features, to enable search for individuals with very
rare or new Mendelian conditions with or without candidate genes.

Discussion

Currently, there are several other WES analysis tools freely available that perform variant
filtering and prioritization including eXtasy (http://homes.esat.kuleuven.be/_bioiuser/
eXtasy/); Exomiser (http://www.sanger.ac.uk/resources/databases/exomiser/); PhenGen
(http://phen-gen.org/index.html); PHEVOR (http://weatherby.genetics.utah.edu/cgi-bin/
Phevor/PhevorWeb.html); VAAST (http://www.yandell-lab.org/software/vaast.html);
KGGSEQ (http://statgenpro.psychiatry.hku.hk/limx/kggseq/); GeneTalk (https://www.gene-
talk.de/dashboard); WANNOVAR (http://wannovar.usc.edu/); and VariantMaster (http://
sourceforge.net/projects/variantmaster/).

Some of these tools use the phenotypic information as one of the ways to prioritize variants.
For most, phenotypic features are only accepted if provided as an HPO term. PhenoDB uses
its own PhenoDB terms that are mapped to HPO, Elements of Morphology (http://

elementsofmorphology.nih.gov/), and ICHPT (data not published); the mapping of the terms
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is available at https://www.phenodb.org/help/features. If the submitter wants to add features
not found in the database, they can be written in free text boxes what allows for a more
complete description of the patient. In PhenoDB, the features are stored and can be accessed
or downloaded anytime during the variant analysis. The program uses the terms entered to
suggest the 20 most likely diagnoses and the terms entered in the free text boxes are also
used in the search. The genes associated with these suggested diagnoses are then flagged if
present in an analysis result list. The diagnosis search and flagging of a final candidate gene
associated with a suggested diagnosis allows for identification of known genes associated
with known phenotypes. In the research setting, the causative gene may not be associated
with any phenotype or features because not enough is known about the gene.

Additionally, for most of these other tools, the submitter can analyze the ANNOVAR file of
only one individual per family. For the few that allow the analysis and comparison of
multiple individuals per family, unrelated families cannot be analyzed and compared in a
single analysis, for example, as a cohort. In a few of the other analysis tools, programing
knowledge is necessary for the tool installation.

The PhenoDB variant analysis tool has several features that enable flexibility and
connectivity to existing resources in variant analysis. Variant filtering is achieved, by
analysis of one or more (as many as desired) VCF files in the same family or from different
families according to the chosen Mendelian model. Moreover, PhenoDB, as in other
software, allows flexible filtering according to any model of inheritance, type of variants
(protein coding exonic [missense, nonsense, indels, and synonymous], splice site [20 bases
into the introns], nonprotein coding exonic [3’UTR, 5’UTRY]), with the option to exclude
variants found in dbSNP 126, 129, and/or 131 and flexible MAF cutoff values for variant
exclusion in the 1000 Genomes Project [The 1000 Genomes Project Consortium, 2012] and
Exome Variant Server (release ESP6500SI1-V2) databases. PhenoDB provides links to many
publically accessible databases (described above) that provide known biological information
about the genes and variants in the final variant list and can be used by the submitter in
variant prioritization. Functions like filter, cohort analysis, and polygenic analysis (described
above) are not found in the other variant analysis tools.

The PhenoDB variant analysis tool has proved to be easy, efficient, flexible, and fast. We
developed it for the Centers for Mendelian Genomics project, an NHGRI/NHLBI funded
initiative to ascertain the causal gene for unsolved Mendelian disorders using WES and
WGS and as of November 2014, it has been used by BHCMG to analyze 462 sequenced
samples (332 families). Using this tool, we have identified 32 novel disease genes and 41
known disease genes.

The utility of the PhenoDB variant analysis tool extends beyond this initial intent and is
likely to benefit any laboratory performing or clinic analyzing WES/WGS to identify novel
and known disease-causing genes and variants. This tool is freely available for institutions
(toggle with or without personal health information and/or research centers [http://
phenodb.org and http://researchphenodb.net], respectively). As of November 2014, 199
researchers and clinicians have downloaded PhenoDB (185 downloads
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fromresearchphenodb.net and 14 downloads from phenodb.org) and 100 accounts have been
created in the online version (http://phenodb.org).

In GeneMatcher as of November 2014, there are 713 genes from 200 submitters from 28
countries and 25 matches have been made enabling collaboration between clinicians and
researchers from different countries and different backgrounds but with interest in the same
genes. We performed a follow up of these 25 matches by personal communication and while
most are still in progress, at least one successful match is described in a paper under review
and refers to a match connecting a human phenotype to a mouse phenotype (Laura
Reinholdt, personal communication). In our laboratory, we are also performing functional
studies to confirm the pathogenicity of two de novo variants identified in the same gene in
unrelated individuals with overlapping phenotype matched by GeneMatcher.

In summary, we have developed two important tools (http://phenodb.org, http://
researchphenodb.net and http://genematcher.org) to facilitate analysis of WES/WGS data
and identification of the variants and genes responsible for rare Mendelian disease. These
tools are freely available and will continue to be upgraded in the future.
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Figure 1.
Increase in the number of genes identified as responsible for Mendelian phenotypes per year

(source: Online Mendelian Inheritance in Man, OMIM).
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Figure 2.
Scheme of PhenoDB Modules (gray-rounded rectangles) and Functions (stippled rectangle).

The arrows show that the submitter can go to any Module or Function from any Module or
Function.
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Analysis Results Log:

Run name: text

Analyss type Autosomal recessive - Compound heterozygous
Owerride, excluding ¥ SNP present in: ¥np 126" ‘w90l 317, wap 129
Override, precentage cusot. 0.01
Overrice, incel exciusion INTS0aA" +/- 50 Base pairy i 1
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Parsed 86,149 variants From the ANNOVAR file 2004948159107225 7497 Onbait recade ANNOVAR RIPORT tut

Parsing ANNOVAR fle for BNQ04 13 - Father - Male - Aected No

Parsed 80,263 variats fom the ANNOVAR fle 2004481691072257502 DnBuit recode ANNOVAR REPORT txt -
Patient ANNOVAR, inchuding het in Uenctype', B8.512 viriants > 57,387 variants

Patient ANNOYAR, inchading ‘exonic spiicing’, ‘exonic’, solding’ in RefgeneCenelocation’, $7.147 variants > 14,736 varianty

Patient ANNOVAR, excheding ‘yynonymous SNV in Refgentlronfuncion’, 14,736 variants > 6,913 wriants

Patient ANNOVAR, excloding i SNP present in w0l 26", wap 1 317, wnp 129, 6.913 varianes > 953 variants Variants to indude

Patient ANNOVAR, missing column g 19,9500
Patient ANNOVAR, missing column %19 e1p8500_ 01"

Patient ANNOVAR, missing column %1 9_espf 500 02" P,
Putient ANNOVAR, exchoding ¥ vilot 5 greater Shaa 0,01 1n g19, 6506 S00SLAY, D919, 4506500 AT, 1319, e596500, 00", D1 9, ep65006 4, 9919, e5265000 Ja', 1 19,41p6500,41", 953 varianes -» 594 variaats
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Read 431,166 entries from ‘s’ exchsion fle
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Patient ANNOVAR, adding aporoved symbol dath. 12 varints wpdated (12 variunts tota) -
Patient ANNOVAR, ad8ing OMIM gene a1, 2 viriants vpdated (12 variaats total)

Patient ANNOYAL, addng mowse model data (MGA, 4 variants updated (1 2 varants totah
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Final cownt 12

family members

OMIM search result

Patient Features MIM Search Result:

612863 -
102500 -
214800 -
- BRACHYDACTYLY, TYPE E, WITH ATRIAL SEPTAL DEFECT, TYPE Il
614756 -
164210 -
112430 -
123560 -
186500 -
613792 -
609307 -
108650 -

113301

612794
614475
611363

Figure 3.

CHROMOSOME 6q24-q25 DELETION SYNDROME
HAJDU-CHENEY SYNDROME; HICYS
CHARGE SYNDROME

CEREBELLAR ATAXIA, NONPROGRESSIVE, WITH MENTAL RETARDATION; CANPMR
HEMIFACIAL MICROSOMIA; HFM

LONG-THUMB BRACHYDACTYLY SYNDROME
CRYPTOMICROTIA-BRACHYDACTYLY SYNDROME

MULTIPLE SYNOSTOSES SYNDROME 1; SYNSI

CHROMOSOME 3pter-p25 DELETION SYNDROME

SPINOCEREBELLAR ATAXIA 27; SCA27

SPASTIC ATAXIA 7, AUTOSOMAL DOMINANT, SPAX7

- ATRIAL SEPTAL DEFECT 5; ASDS
- ATRIAL SEPTAL DEFECT 9; ASD9
- ATRIAL SEPTAL DEFECT 4; ASD4
206900 -
605259 -
142900 -
607136 -
607346 -

MICROPHTHALMIA, SYNDROMIC 3; MCOPS3
SPINOCEREBELLAR ATAXIA 13; SCA13
HOLT-ORAM SYNDROME; HOS
SPINOCEREBELLAR ATAXIA 17; SCA17
SPINOCEREBELLAR ATAXIA 19; SCA19

The analysis log of an example autosomal recessive-compound heterozygous analysis (A)
and the OMIM diagnosis search results based on the phenotypic features of the proband (B).
If any of the candidate genes listed in the “Final count” is responsible for one of the
diagnoses suggested by the OMIM search, it will be flagged.
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New Analysis :

Member 1O Family Member
PO Pasent - Male

Sample 10 - Canomic Version - Lab UMS 10 - ANNOVAR File Name Inchude » Anaiyus
& DO 1200799986 - 20079998681 081 998973 _MS_OnBaltANNOVAR_RIPORT txt o

6412 Mother
BG4 Father
BG4 4 Sister
R4S Brother W) & RO S0 ) 200799987 - 20079998781 081 $HEPI2_MS_OnBai_ANNOVAR_REPORT txt
BG4 6 Maternal aumt
B4 T Maternal semt

§F (8% jE%% ft

P64 8 Maternal male counin WS RO A0 1200799088 - 20079998881 081 A7 _MS_OnBalt ANNOVAR_REFORT txt
BO641.9 Maternal female counn
D641 10 Father of BMI641 8 and 9 - Male Unknown
P64 1) Maternal grand mother Unknown
BG40 12 Materna) grand father LUnaknown
Run name Relgene gene location Mot rptnw ehpee gens b pten se v vet b
ARV IYP0 ¢ Swwct i s tome Cxchude if SNP prevest GOSNPI26 M GUINPIZY M AN
Asrrens terie Camguasd S sy
Assrena e eresvpee Percentage cutof! Swteet aptinat purcersage core®t 8]
K Lrhad oo (1 000 genome and

Assrins Bav aet New msat

e [xome varant server)

ARNORE Goninass - W Excdude romosome X
Indel span B e 1
ter Aoanin Oropped vanant row numbers
Figure 4.

View of the Analyze function page showing the analysis design.
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Analysis Results :

L Run Name Analysis Type

L AD Autosomal
dominant -
Inherited
mutation
L) AR-HOMO Autosomal
recessive
Homozygous
Autosomal
recessive
Compound
heterozygous
() xlinked X LUinked
recessive

L ARCH

Run name

Refgene Gene Exclude SNP Percentage Exclude

Location
. dbsSNPI 3N,
dbSNPI129,
dbSNP126

dbSNPI3N,
dbSNPI29,
dbSNP126
dbSNPI3N,
dbSNPI29,
dbSNM 26

dbsNP Y,
dbSNPI29,
dbSNPM 26

Overlap . (Sebect oponal overan . §)

| Merge Selected Anayyis Resiity

Download analysis results table as tab-delimited text, Microsoft Excel file.

Figure 5.
View of the Analyze function page showing the storage of completed analyses.
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