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Abstract

The Human Phenotype Ontology (HPO) is standardized set of phenotypic terms that are organized
in a hierarchical fashion. It is a widely used resource for capturing human disease phenotypes for
computational analysis to support differential diagnostics. The HPO is frequently used to create a
set of terms that accurately describe the observed clinical abnormalities of an individual being
evaluated for suspected rare genetic disease. This profile is compared with computational disease
profiles in the HPO database with the aim of identifying genetic diseases with comparable
phenotypic profiles. The computational analysis can be coupled with the analysis of whole-exome
or whole-genome sequencing data through applications such as Exomiser. This protocol explains

“correspondence to Peter Robinson, The Jackson Laboratory for Genomic Medicine, Farmington, CT 06032, USA,

geter.robinson@jax.org.
these authors contributed equally

Conflict of Interest. Gene42 Inc. provides licensing, support, customization, and integration services for PhenoTips.


http://www.monarchinitiative.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kéhler et al. Page 2

how to choose an optimal set of HPO terms for these use cases and to enter them with software,
such as PhenoTips and PatientArchive, and demonstrates how to use Phenomizer and Exomiser to
generate a the computational differential diagnosis.

Introduction

Unambiguous, computable descriptions of disease phenotypes are critical for robust
differential diagnosis and clinical care, especially for rare and genetic diseases. The fact that
genetic diseases are rare, coupled with a lack of access to expert diagnosticians and/or
genomic testing, means that many individuals with a rare disease go years without a
diagnosis. That a substantial proportion of initial diagnoses are wrong further compounds
this significant problem. Although next-generation sequencing (NGS)-based diagnostic
procedures, such as whole exome and whole genome sequencing (WES, WGS), have greatly
accelerated the pace of discovery of Mendelian disease-associated genes and increased our
understanding of the spectrum associated with a large number of rare genetic syndromes, the
molecular diagnosis rates using NGS data are still low (25-50%) (de Ligt et al., 2012; Rauch
etal., 2012; Yang et al., 2013, 2014; Zhu et al., 2015; Tammimies et al., 2015; Clark et al.,
2018).

We have been developing the Human Phenotype Ontology (HPO, http://www.human-
phenotype-ontology.org) since 2008 to support differential diagnosis and translational
research within the field of rare genetic diseases (Robinson et al., 2008). The HPO offers a
computational bridge between genome biology and clinical medicine, making it a
comprehensive bioinformatic resource for the analysis of human diseases and phenotypes
(Robinson et al., 2008; Robinson and Webber, 2014; Kéhler et al., 2017; Robinson and
Mundlos, 2010; Groza et al., 2015; Kdhler et al., 2014; Vasilevsky et al., 2018). It does so by
offering a standardized set of phenotypic terms that are organized in a hierarchical fashion.
Using standardized hierarchies enables us to put our phenotypic knowledge into an
organized framework that can be analyzed by computational means. The adoption of the
HPO by the 100,000 Genomes Project, SOLVE-RD, the NIH Undiagnosed Diseases
Program, the NIH Undiagnosed Diseases Network, the Global Alliance for Genomics and
Health (GA4GH) and many other projects (Kdhler et al., 2018) underlines that it is the de
facto standard for rare disease phenotype analysis. The HPO is the clinical flagship of the
Monarch Initiative where it is embedded in a semantically unified framework of knowledge
on diseases, genes, phenotypes, and model organisms with over 50,000,000 items of
knowledge (Mungall et al., 2017; McMurry et al., 2016). This means that the HPO is
effectively incorporated into a much larger disease biology knowledge network.

The HPO describes individual phenotypic abnormalities in a hierarchical framework of
organs/body parts (terms such as Aortic aneurysm, HP:0004942) (Figure 1). The HPO
annotations (HPOAS) are disease descriptions that use these standard terms. The rare
genetic disease Marfan syndrome, for instance, is characterized by and therefore annotated
to over 50 phenotypic abnormalities, including Aortic aneurysm. Each abnormality reported
in a patient with that disease is represented by an HPO term. The annotations can have
modifiers that describe the age of onset and the frequencies of features. For instance, the
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phenotypic abnormality Brachydactyly (HP:0001156) is rare in hydrolethalus syndrome
(3/56 according to a published study referenced in our data), but affects nearly 100% of
patients in many of the other diseases characterized by this abnormality (currently 484
diseases). Algorithms can use this information to weight findings in the differential
diagnosis. There are currently over 14,900 terms and 168,600 annotations to 7,370 rare
Mendelian diseases. The annotations, together with additional data about age of onset,
clinical modifiers, term frequency, and genes, provide computational models of the diseases.

Computable descriptions of human disease using HPO phenotypic profiles, i.e. HPOAs,
have become a key element in a number of algorithms being used to support genomic
diagnostics, including Exomiser (Robinson et al., 2014; Smedley et al., 2015, 2016). The
HPO allows algorithms to ‘compute over’ clinical phenotype data in a wide variety of
contexts, e.g., for the detection of shared patterns of clinical findings. The ontological
structure of the HPO allows the specificity (information content) of individual terms to be
quantified. This information content, when used in tandem with the structure of the HPO,
enables sets of phenotypes to be fuzzy-matched (Kéhler et al., 2009; Bauer et al., 2012;
Schulz et al., 2009), i.e. the patterns of two phenotypic profiles can be compared and their
overlap quantified. Software such as Phenomizer and Exomiser use specificity-weighted
fuzzy matching of HPO terms entered by users to identify the best match to disease models,
while the Matchmaker Exchange (Philippakis et al., 2015; Buske et al., 2015b) relies on
fuzzy matching of HPO terms to find similar patients across databases for the purpose of
novel gene discovery.

This article describes how to select HPO terms that best represent the clinical findings
identified in a patient. We also describe how to use Phenomizer, PhenoTips (Girdea et al.,
2013), PatientArchive, and Exomiser; four applications that utilize the HPO to provide a list
of differential diagnoses.

Basic Protocol 1. Choosing HPO Terms to Represent the Clinical

Manifestations of a Proband

The purpose of this protocol is to explain how to create a list of HPO terms that describe the
clinical abnormalities and other features of the proband. This protocol uses the word
“proband” to denote the individual whose clinical manifestations will be analyzed with the
software. The proband is any individual for whom we are seeking a diagnosis, such as a
patient currently receiving medical care.

Necessary Resources

1. Computer with internet access and a current web browser.
2. Clinical data from medical charts or comparable sources.
3. HPO Browser available through http://www.human-phenotype-ontology.org.
a. This website lists a number of additional recommended browsers with

additional search or visualization features (Kohler et al., 2018).
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4, Word processor, other program, or pen and paper to record your selected HPO
terms.

Steps and Annotations

1. How to use HPO Browser.—Open the HPO Browser by going to http://
www.human-phenotype-ontology.org. Find the box at top center. Choose ‘Term’ from the
dropdown menu and start typing the phenotypic feature of interest into the box that says
“Search for phenotypes, diseases, genes...” at top center. As illustrated below (Figure 2), the
search box provides autocomplete functionality, meaning that a list of possible matches is
shown in a dropdown menu while you are typing in the query. Click on the term in the
dropdown menu that best describes your feature. This will take you to an HPO term
overview page that provides a wealth of detail, including term synonyms (Figure 3). This
term can be exported to your program of choice. If the suggested term was not what you had
in mind, use the panel on the left hand side to navigate up and down the ontology. You can
also start the search again in the same search box, now located at the top right.

2. Choose the most specific HPO terms—It is essential that you choose the most
specific HPO term for the phenotypic feature you have listed. For instance, if a proband was
diagnosed with an aortic aneurysm that affects the aortic arch and has saccular morphology,
then the HPO term Saccular aortic arch aneurysm (HP:0031647) should be chosen and not
the more general term Aortic arch aneurysm (HP:0005113), which is the parent of Saccular
aortic arch aneurysm, or Thoracic aortic aneurysm (HP:0012727), which is the parent of
Aortic arch aneurysm (Figure 1). If a specific term is not available, request it through the
HPO GitHub tracker (https://github.com/obophenotype/human-phenotype-ontology/
issues/new/choose). New HPO terms become available with new HPO releases, i.e. every
two months. This means that you should pick the most specific HPO term available on the
day you are selecting your HPO terms, even if that term is not as specific as you would have
liked. If possible, the term can be replaced with the more specific term once it is available in
a new HPO release.

3. Choose important and relevant HPO terms—Choose HPO terms that cover all
the important phenotypic abnormalities observed in the proband. The precise definition of
“important” will depend on clinical judgement, meaning that the definition can vary for
different probands. For instance, if a hospitalized proband has multiple blood tests for
electrolytes and one of these reveal a borderline high sodium level, it may be inappropriate
to include the HPO term Hypernatremia (HP:0003228). Because some rare genetic diseases,
such as nephrogenic diabetes insipidus caused by deleterious variants in the AQPZ gene, are
characterized by severe hypernatremia, it is appropriate to include the HPO term
Hypernatremia if the proband has repeated measurements of high serum sodium. Similarly,
many phenotypic abnormalities that occur rarely in the general population occur at a higher
frequency in certain diseases. Low-grade myopia or scoliosis are examples of such common
features. We are unable to provide a general rule for when such a term should be included.
Though it may be tempting to exclude the HPO term for a mild phenotypic feature, such as
Scoliosis (HP:0002650) in a proband with mild scoliosis, keep in mind that genetic diseases
almost always have a spectrum. This means that it is appropriate to include the term
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Scoliosis in a proband with multiple skeletal anomalies independent of its severity, however,
it may be inappropriate to include it in a proband with isolated, mild scoliosis. This
emphasizes the importance that the HPO needs to be considered in the context of the
proband’s clinical situation. An additional example is described in the note at the end of
Basic Protocol 2.

3. Add negated HPO terms to denote excluded (normal) clinical findings—
The HPO is limited to terms that describe abnormal phenotypes. This means that an organ
system or physiological function examined and found to be normal can be denoted by a
negated term. Many HPO term entry systems provide a “NOT” button for this purpose. In
contrast to when entering a positive phenotypic feature, negated terms should be described
by the most general term available. For instance, if a detailed ultrasound of the liver had
normal results, the best negated HPO term is NOT Abnormal liver morphology (HP:
0410042) because in principle all of the morphological abnormalities denoted by more
specific descendents of the term were ruled out.

4. Choose a sufficient number of terms—There is no general rule for the optimal
number of HPO terms that should be used to describe a proband. One recent study showed
five well-chosen terms to be a good threshold for phenotype-driven exome analysis
(Kernohan et al., 2018). Remember that some diseases are characterized by a larger number
of clinical abnormalities than others. This is illustrated by comparing a congenital
polymalformation syndrome with isolated hearing loss. It is clear that a polymalformation
syndrome will have to be described by a larger number of HPO terms than a disease
resulting from an isolated abnormality, such as hearing loss. Probands with more than one
disease may need to be described by a larger number of terms. Therefore, as a rule of thumb,
enter at least five HPO terms. If fewer than five abnormalities are observed, include
excluded (negated) annotations to reach a total number of at least five terms.

It is essential that you choose HPO terms that cover all relevant findings seen in the proband.
Try to provide a global overview of the phenotype without limiting yourself to a single organ
system. In probands with a single clinical abnormality, such as hearing loss, we recommend
that you add a negated term for each organ system in which clinical abnormalities were
excluded. Software can use the negated terms to narrow down the differential diagnosis. The
extraction of HPO terms from electronic medical records may ease entry of HPO terms in
the future (Son et al., 2018).

Basic Protocol 2. Phenomizer

Phenomizer was the first software tool to use semantic similarity metrics to measure
phenotypic similarity between queries and hereditary diseases annotated with the HPO
(Kohler et al., 2009). It uses a statistical model to assign p-values to the resulting similarity
scores. The resulting p-values are then used to rank the candidate diseases. This protocol
describes how to enter HPO terms in Phenomizer and how to interpret and refine the results.

Necessary Resources

1. Computer with internet access and a current web browser.

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.
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2. Clinical data from medical charts or comparable sources.

3. Optional - List of HPO terms describing the proband’s clinical abnormalities as
described in Basic Protocol 1.

4. Phenomizer is available through http://compbio.charite.de/phenomizer/.

1. Entering HPO Terms.

1. Click on Phenomizer’s Features tab. Find the best HPO term by typing part of
the term, the term’s synonym, or the HPO-identifier into the Search box. The
Search box provides autocomplete functionality, meaning that a list of possible
matches is shown in a dropdown menu while you are typing in the query (Figure
4).

2. Clicking on the Search button located to the right of the search box results in a
table listing the HPO terms that best match your query. You can also use the
Ontology tab to use the ontology hierarchy to identify the most suitable HPO
term (Figure 4). This is useful when descending the ontology hierarchy in order
to identify the most specific term currently available.

3. You can open a context menu for each feature displayed in the table on the left
hand side by right-clicking on the row. The context menu shows the hierarchical
position of the selected HPO term, as well as a list of annotated diseases (Figure
5).

4, Select your chosen HPO term by double clicking on it, using drag-and-drop, or
by clicking on “add to patient’s features” from the context menu. Either of these
actions will move the term to the Patient’s Features tab on the right hand side.

5. To delete an HPO term from the Patient’s Features list, right-click on that row
and select ‘remove’ from the context-menu. Use the “clear’- button in the lower
left hand corner of the table to delete all HPO terms from the list.

2. Patient features—The HPO terms that you selected in the previous step are now
listed on the right-hand side of the Phenomizer window. It is important to enter as many of
the patient’s clinical features as possible as this usually improves the specificity of the
proposed differential diagnoses. Item 4 explains how to add and remove features in order to
further explore the differential diagnosis options.

3. Interpret results—Clicking the ‘Get diagnosis’ button in the lower right hand corner
makes Phenomizer compute a list of differential diagnoses ranked by p-value (Figure 6),
which appears under the Diagnosis tab on the right hand side. Remember that a significant
p-value does not mean that the diagnosis is confirmed, simply that the diagnosis is a
plausible one and that the physician should consider statistically significant differential
diagnoses carefully. If Phenomizer fails to identify any conditions with a significant p-value,
this is interpreted to mean that the chosen combination of HPO terms is not per se sufficient
to make a diagnosis. It could also mean that the proband has a condition not yet listed in the

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.
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database used by Phenomizer. Phenomizer currently encompasses the mainly Mendelian
diseases listed by Online Mendelian Inheritance in Man (OMIM) (Amberger et al., 2015).

4. Refine query—Phenomizer offers several strategies for refining your query.

1.

Every feature can be designated as either ‘observed’ or ‘mandatory’. If a term is
denoted as ‘mandatory’, all conditions not having this particular feature, or a
descendent thereof, will be filtered out from the generated differential diagnosis
list. All features are initially listed as ‘observed’. To change this to ‘“mandatory’,
click on “observed’ in the Modifier column for the HPO term of interest. This
will cause a dropdown menu to appear. Click on the modifier term to select.

You can test different modes of inheritance. Clicking on the Mode of Inheritance
box located on the lower right-hand side will bring up a dropdown list of modes
of inheritance. Choose your mode of interest by clicking on it. All conditions that
do not exhibit the specified mode of inheritance will be filtered out from the
generated differential diagnosis list. It may be appropriate to use this filter if you
have observed that the disease cosegregates according to a specific Mendelian
mode of inheritance.

Phenomizer’s “Improve differential diagnosis” functionality can be used in the
event that the initial differential diagnoses ranking is inconclusive, e.g. it
contains numerous entries with significant p-value or only entries without
significant p-value. Compile a list of interesting diseases, e.g. the first ten in the
ranking, by checking the boxes on the left-hand side of the Diagnosis box. Then
click on the “Improve differential diagnosis” button on the lower right. This will
bring up a pop-up box that suggests additional HPO features that are either
specific to one of the selected diseases or characterize approximately half of the
selected diseases. (Figure 7). To use the first option, click on the Specific Search
button at the top of the box. The specific search function is designed to find
features which, if present, are most specific for only one of the current
differential diagnoses. To use the second option, click on the Binary Search
button at the top of the box. Binary search can be an efficient way to narrow
down the differential diagnosis. After entering the new feature with specific or
binary search, recalculate the differential diagnosis by clicking the ‘Get
diagnosis’ button.

5. Download results—The Phenomizer results can be downloaded by clicking on the
Download Results button in the lower right-hand corner. The results are available as either a
pdf or csv file. The downloaded file will contain the top ranked diseases and the parameters.
The parameters are the HPO terms, the selected mode of inheritance, and the similarity
measure. The PDF file can be used for the purposes of documentation in the patient’s
medical or research chart.

You can loop back to section 4 (Refine Query) to further improve the differential diagnostic

process.
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Note: Remember to include HPO terms that are thought to be pathological or
unusual, even if they are frequent in the general population (Basic Protocol 1, Step
3). Blue irides (HP:0000635), for example, is a common phenotype in the general
population. As a phenotype annotation, however, it refers to to the finding of
markedly blue iris seen in oculocutaneous albinism and other disorders of
pigmentation. lit is a subtype of Abnormal iris pigmentation (HP:0008034) and
should only be used when abnormal pigmentation is suspected, such as in the
disease oculocutaneous albinism (Lewis, 2000).

Basic Protocol 3. Using PhenoTips for deep phenotyping and diagnosis

suggestions

PhenoTips (https://phenotips.org/) is an open-source software tool for collecting and
analyzing phenotypic information from probands or families with a suspected genetic
condition. The configurable patient form, family pedigree tool, and built-in gene and
diagnosis suggestions are designed to help make deep phenotyping practical for clinicians
and researchers. It is used by over 4,000 specialists around the world, including the NIH
Undiagnosed Diseases Network (UDN) and Undiagnosed Diseases Program (UDP), the
Care4Rare Canada Consortium, the RD-Connect Genome-Phenome Analysis Platform, and
the PhenomeCentral matchmaking portal (Buske et al., 2015a). This protocol describes how
to enter a proband’s phenotypic data into PhenoTips and review the generated suggestions.

Necessary Resources

1. Computer with internet access and a current web browser.
2. Clinical data from medical charts or comparable sources.
3. Optional - List of HPO terms describing the proband’s clinical abnormalities as

described in Basic Protocol 1.

4. PhenoTips is available from https://phenotips.org. You can download and install
it on your computer, or obtain a user account on an institutional or cloud-hosted
instance.

1. Create a new patient record.—Create a new PhenoTips record from any page by
clicking on the “Create...” button in the navigation bar and selecting “New patient”. This
creates a new, empty patient record, which can then be filled in, shared, and exported. The
record has several sections which can be expanded or collapsed by clicking on the heading.
The sections you see, their order, and their contents can be configured by an administrator.
Save your progress by clicking on “Quick save” or save and review the patient record by
clicking on “Save and view summary”. Enter the patient’s name, an identifier such as
medical record number, sex, and date of birth in the “Patient information” section of the
patient form.

2. Record phenotypic features.—The “Clinical symptoms and physical findings”
section of the patient form provides several interfaces for following Basic Protocol 1 and
recording the patient’s phenotypic profile (Figure 8).

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.
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“Quick phenotype search” provides an error-tolerant predictive search of HPO
terms, their synonyms, and their definitions. Click “Y™ or the phenotype name to
indicate that the suggested term is present in the proband. Click “N” to denote it
as absent (excluded).

Browse phenotypic features by category below the search box. The categories
and listed phenotypic features are customizable, enabling specialty clinics and
research studies to provide users with a checklist of the most relevant phenotypic
features for their specific context. Selecting a term from the checklist expands
the more specific sub-terms, encouraging the most specific description possible.

Click on the info button to the right of every phenotypic feature to display more
information or browse the HPO structure from that term.

All selected phenotypic features are summarized on the right, grouped by
category. Click on “Add details” to add metadata to each term, e.g., age of onset,
severity, or laterality, or upload supporting evidence, such as a photo or PDF
report. The stars at the top of the section correspond to the specificity of a
patient’s phenotypic profile as computed by the Monarch specificity scorer.

3. Optional: Using HPO terms to collect the patient’s family history.—A “Draw
pedigree” placeholder is located in the “Family history and pedigree” section of the patient
form. This tool can be used to record and visualize the patient’s family medical history

(Figure 9).

Click on the corresponding icon to open the pedigree editor tool

Choose whether this is a new family with this patient as the proband or this
patient is an additional family member in an already existing PhenoTips family.

Choosing to create a new pedigree will offer you the option of starting from a
template family structure or importing a family tree from a file in a supported
format, such as PED and GEDCOM. Add additional family members by
hovering over any node and clicking on one of the relationship handles: parents,
partnerships, siblings, or children.

Click on the node to add reported medical history to an individual. A dialog
windows pops up with three tabs: “Personal”, “Clinical”, and “Cancer”. HPO
terms can be added and removed in the “Clinical” tab under “Clinical
symptoms”. The “Cancer” tab has special questions for recording cancer
diagnoses using HPO terms, along with cancer-specific metadata. HPO terms
added to an individual in the pedigree will appear in the pedigree key along with
the number of affected individuals in the family.

Hover over the name to highlight affected family members.

Drag and drop an HPO term onto any node to annotate the individual with the
term.

Once complete, click “Save” to save the pedigree and then “Close” to return to
the patient record.

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.
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. Previously added pedigrees appear as a thumbnail. Existing pedigrees can be
added and edited by clicking on the thumbnail and following the steps outlined
above.

4. Optional: Adding HPO terms through abnormal measurements.—In order to
ensure that the applicable standard growth curve is used, make sure that the patient’s sex and
date of birth is entered into the “Patient information” section.

1. Click on the “Measurements” section.

2. Click on “+ New entry”.

3. Enter the date the measurements were taken.

4, Enter all supported and available measurements.

5. The percentile and standard deviations will be shown for each measurement. A

growth curve with the patient’s measurements plotted over top will be displayed.

6. In the event of an abnormal measurement, the corresponding HPO term will be
automatically added to the patient’s phenotypic profile. For example, if the
patient’s head circumference measurement was less than 3 SD below normal for
the age and sex, Microcephaly (HP:0000252) is automatically added.

5. Gene and diagnosis suggestions.—PhenoTips uses the HPOAs developed and
maintained by the HPO team to automatically suggests genes and OMIM disorders based on
the patient’s phenotypic profile. These annotations can be updated in PhenoTips through the
Administrative interface. Relevant genes are shown in the “Suggested genes” section (Figure
10). The HPO terms used are shown at the top, along with the number of associated genes.
Clicking on an HPO term will toggle whether or not it is included in the gene suggestions.
Suggested genes are shown underneath, in decreasing order of the number of associated
HPO terms. The table can be exported in a tab-delimited format compatible with Microsoft
Excel by clicking on the “Download” button. A similar interface is provided for suggesting
OMIM diagnoses in the “Diagnosis” section. OMIM disorders are ranked according to the
similarity between the patient’s phenotypic features and the documented phenotype of each
OMIM disorder. The prioritization algorithm is configurable. BOQA is the default used at
the time of writing (Bauer et al., 2012).

Basic Protocol 4. Explore candidate disorders using the HPO-based
phenotype profile in PatientArchive

PatientArchive is a clinical phenotyping platform underpinning some of the existing
Undiagnosed Diseases Programs and rare disease sharing initiatives, such as the Initiative
for Rare and Undiagnosed Diseases (IRUD) Japan, the Undiagnosed Diseases Program
Western Australia, and the Australian Genomics Matchmaker Exchange node.

This protocol describes the use of a patient phenotype profile built from HPO terms to
explore candidate disorders in PatientArchive.

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.
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Necessary Resources

1. Computer with internet access and a current web browser.
2. Clinical data from medical charts or comparable sources.
3. Optional - List of HPO terms describing the proband’s clinical abnormalities as

described in Basic Protocol 1.

4. PatientArchive is available through this website. http://patientarchive.org/ New
users will have to register for an account by clicking on the ‘Account’ button on
the top left-hand side.

1. Create a patient from the Dashboard

. Click on the “New Patient’ button located on the Dashboard. This opens the
Demographics section.

. Enter standard details, e.g., name, gender, ethnicity, etc.
. Save the entered data by clicking on the ‘Save’ button.
. Proceed to augment the patient record with clinical data, imagery, tests, or share

the patient with other platform users.

2. Create a phenotype profile—Use the ‘Add Clinical Record’ function under
‘Clinical Records’ in the ‘Clinical Data’ section to create the phenotype profile by adding a
clinical note. The platform will automatically extract HPO terms from the text and assign
them to the patient phenotype profile (Figure 11). The terms are structured and displayed
according to the top-level abnormality in HPO - e.qg., Hearing impairment (HP:0000365) is
shown under Abnormality of the ear (HP:0000598). This enables a quick assessment of the
complexity of an underlying disorder based on the number of anatomical structures
impacted.

3. Explore the candidate disorders space—Exploring phenotypically related
disorders as a part of the differential diagnostic process is often useful. To do so, select
‘Explore disorders’ from the ‘Analytics’ section. You can either manually enter the disorders
to be ranked or explore the Top-N diseases using Orphanet as the background knowledge
base. Selecting the “Top 3 similar’ function will produce the top 3 ranked disorders and the
associated disease phenotype profiles (Figure 12). The ranking is computed via a series of
semantic similarity measures between HPO terms. The disease phenotype profiles are
extracted from the HPO annotations in the Orphanet knowledge base.

Basic Protocol 5. Exomiser

Exomiser is a Java program designed to analyse WES and WGS VCF samples using the
patient’s phenotype to distinguish between causative and benign variants. It has found
widespread usage throughout the rare disease interpretation and genomic diagnostic space
(Bone et al., 2016; Robinson et al., 2014; Smedley et al., 2015, 2016). Once a VCF file and
appropriate HPO terms (Basic Protocols 1 and 3) are available, Exomiser can highlight
likely pathogenic variants within a matter of minutes. It is used in many major national and

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.


http://patientarchive.org/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Kohler et al.

Page 12

international rare disease initiatives such as the UDN, UDP, 100,000 Genomes Project, RD-
Connect and SOLVE-RD. Exomiser also underlies the phenotype matching capabilities of
the Matchbox software, created as a collaboration between the Broad Institute and the
Monarch Initiative as an off-the-shelf solution for groups wishing to join the Matchmaker
Exchange. It is used for pheno-genomic analysis within the PhenomeCentral matchmaking
portal.

Exomiser uses a set of HPO terms that describe the clinical abnormalities of the individual
being investigated and a VCF file containing the individual’s exome or genome data.
Exomiser will also accept a multi-sample VCF file containing the proband and their genetic
relatives when accompanied by a PED file containing the pedigree information of these
individuals.

A demonstration version of Exomiser is available through the online version hosted at
https://exomiser.monarchinitiative.org/exomiser/. This provides a demonstration VVCF file
and input phenotype terms. Note, that in the interests of performance, the web version does
not accept VCF files in excess of 75MB or 100,000 variants and is not deployed in a
suitable, secure computing environment for analyzing real patient data. The more technically
capable, full-featured command-line version is available from https://
data.monarchinitiative.org/exomiser/latest/. This will run locally, and requires no network
connection once downloaded. This protocol will focus on the command-line version,
however the suggestions for interpretation of the results apply equally well to the web
version of Exomiser.

Necessary Resources

1. Computer running a 64-bit operating system with at least 4GB of free RAM,
Java version 1.8 or higher installed, internet access, and a current web browser.

2. List of HPO terms describing the proband’s clinical abnormalities as described in
Basic Protocol 1.

3. A WES or WGS VCF file containing data from the proband or a multi-sample
file containing the proband and genetic relatives accompanies by a PED file.

1. Program Setup—Download the latest Exomiser release and data distribution from
https://data.monarchinitiative.org/exomiser/latest/ At the time of writing these are https://
data.monarchinitiative.org/exomiser/latest/exomiser-cli-11.0.0-distribution.zip

https://data.monarchinitiative.org/exomiser/latest/1811 hg19.zip
https://data.monarchinitiative.org/exomiser/latest/1811 phenotype.zip
This example does not require the 1811 hg38.zip file.

In the interest of brevity, we refer the reader to the README.md file found at https://
data.monarchinitiative.org/exomiser/README.md for instructions on installation of the
command-line client. We similarly draw your attention to the contents of the file https://
data.monarchinitiative.org/exomiser/latest/
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README_IMPORTANT 1811 PHENOTYPE_DATA.txt. The application will only run if
you follow the instructions in this file.

2. Analysis Setup—You are ready to run the analysis once the program has been
downloaded and set-up. The distribution includes a sub-directory called ‘examples’ which
contains both VCF data and Exomiser analysis scripts. For the purposes of this protocol we
will assume that the user is running a version of UNIX or a UNIX-like operating system and
has installed the distribution in their home directory. We will now look at the analysis script
for a quartet (family of four) containing a single affected individual.

~/exomiser-cli-11.0.0/examples/test-analysis-multisample.yml

The input analysis script contains the most salient parts of the analysis relating to the sample
at the start:

analysis:

genomeAssembly: hgl9

vcf: examples/Pfeiffer-quartet.vcf.gz

ped: examples/Pfeiffer-quartet.ped

proband: 1SDBM322017

hpolds: [“HP:0001156”, <HP:0001363”, “HP:0011304”, “HP:0010055"]

These fields tell the program the major genome assembly (genomeAssembly) which the
sample VCF was called against, the full path to the sample VCF (vcf), full path to the
pedigree (ped) in PED format, the sample ID of the proband in the VCF file (proband) and
the proband phenotype profile encoded using the HPO (hpolds). The user can input their
own VCF and PED file (in the case of a multi-sample VCF) and tell the program the
identifier of the proband in the VCF file and input the HPO IDs. In this case, the HPO
identifiers are for a fictitious patient with Pfeiffer syndrome. These instructions apply
equally when using HPO terms of your choice. Note: The remainder of the analysis script
uses the recommended settings for performing a whole exome analysis and can be modified
to analyze your input of choice.

3. Running an Analysis—From your home directory (~), issue the following
commands:

~$ cd exomiser-cli-11.0.0
~/exomiser-cli-11.0.0% java -Xmx4g -jar exomiser-cli-11.0.0.jar --analysis ./

examples/test-analysis-multisample.yml

The result of running these commands will be output to the console, which contains the
following information if the setup was successful:
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4. Interpreting results—The output of this analysis is in the directory ~/exomiser-
cli-11.0.0/results. For a simple, human-centric view open the file Pfeiffer-quartet-hiphive-
exome-PASS_ONLY.html in a web browser. Navigate past all the input and summary
sections to the section entitled ‘Prioritised Genes’. These are the main results of the analysis
and the top-ranked candidates (Figure 13).

The section is organized by gene ranked by the Exomiser score. The Exomiser score is a
score calculated using a logistic regression combining the phenotype and variant scores.
These two components are calculated independently from the phenotype match and the
genetic information found in the VCF and pedigree and then combined.

In the ‘phenotype matches’ subsection the software highlights the input HPO terms (on the
left) with the matched term for that model (those on the right). For example, the top
phenotype match to ‘Craniofacial-skeletal-dermatologic dysplasia’ has a phenotype score of
0.879 using the HiPhive algorithm. These scores range from a minimum of 0 to a maximum
of 1, where 1 would be a perfect self-hit. Any missing phenotypes are not displayed.

COMMENTARY

Background information

It can be extremely challenging to make the correct diagnosis in an individual with rare
genetic disease, and yet the correct diagnosis is essential for providing the most precise
clinical management. The HPO and computational tools that use the HPO are now
commonly used to help manage clinical information and suggest differential diagnoses on
the basis of clinical data or combined genomic and clinical data. In order to get the best
results, it is essential to choose HPO terms wisely and to understand how to run
computational tools and interpret their results.

Critical parameters and troubleshooting—A large number of academic and
commercial tools use the HPO differently for the purposes of performing phenotype-driven
analysis. A partial list of these tools is available in two recent review articles (Kéhler et al.,
2017, 2018). Computational phenotype matching is not an exact science, meaning that the
applications often return different lists of matches. Indeed, even the same application can
return different results depending on how the algorithm is parameterized. It is important for
users to become familiar with the tools and to explore the effects of different settings.

A Troubleshooting Basic Protocol 1

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kohler et al.

Page 15

You are very likely to come across probands with a number of clinical findings
unrelated to the primary genetic diagnosis. Take the example of a recent Kabuki
syndrome 2 case study that reported a patient born in the breech position (Breech
presentation, HP:0001623). As there is no known association between Kabuki
syndrome 2 and breech presentation, this was presumably a chance finding (Guo
et al., 2018). Be aware that the addition of HPO terms for unrelated findings will
typically cause Phenomizer and similar software to reduce the match score.

An incomplete HPOA dataset is another problem you may encounter. If a finding
truly associated with the disease is absent from the HPOA database the software
will rank it as false-positive. Please report the missing annotation to the HPO
GitHub tracker.! You should consider removing the annotation from your query
until the association has been added to the HPOA database.

B. Troubleshooting Basic Protocol 4

The automatic extraction of HPO terms from free text depends on the underlying
processing techniques and the specific terminology used by HPO. This can result
in terms not being found. Rephrasing the text often leads to the desired outcome.
For example, including happy disposition in the clinical note of a patient will
lead to a false negative, while replacing the phrase with Aappy demeanorwill
result in the appropriate HPO term being found.

C. Applying negative HPO terms

For those of you designing your own application that relies on HPO terms or
using an already existing application that allows you to enter excluded HPO
terms, consider making an ontology hierarchy high level “N” (NOT) annotation
for phenotypic categories where the proband had normal findings. For example,
if a full visual exam found no visual impairment, then go ahead and choose
N-"Visual impairment”.

These tools do not replace clinical judgement

All the described tools are intended to be systems for experts rather than expert systems.
That is, the tools support clinicians and researchers by providing information on the basis of
data input. If the tools work well, then the correct result will be at rank one or at least among
the top ranks (“on the first page”). Human judgment to assess and, in some cases, confirm
the results of the computational analysis is always required.

The Human Phenotype Ontology and related tools are intended to be used by qualified and
licensed physicians in order to aid in reaching the correct diagnosis in patients with
hereditary diseases, in research contexts, and for use as a teaching tool. The HPO and related
tools do not make diagnoses. Rather, tools that use the HPO produce a ranked list of
possibilities that can be used by physicians as a part of the diagnostic workup. These tools
should not be used to make medical decisions without the advice of a physician.

1https://github.com/obophenotype/human—phenotype—ontology
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Conclusion

The HPO and tools that use it are in wide use for rare-disease diagnostics and translational
research. This article has explained how to choose an optimal set of HPO terms to represent
the phenotypic abnormalities observed in a proband, and has explained how to use four
popular HPO-based tools.
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Figure 1.
Excerpt of the HPO showing its hierarchical structure. Saccular aortic arch aneurysm (HP:

0031647) is a specific form (subclass) of Aortic arch aneurysm (HP:0005113), which in turn
is a specific form of Thoracic aortic aneurysm (HP:0012727), and so on.
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An arachnoid cyst located at the margin ...
An arachnoid cyst located within the ven...
An arachnoid cyst that progressively enl...

5 syndactyly

An extra-parenchymal and intra-arachno...

An increase in size of the anatomic spac...

An increase in size of the anatomic spac... =

. ST S LS 2
HP:0005709 2-3 toe cutaneous syndactyly
HP:0004691 2-3 toe syndactyly

HP:0010709 2-4 finger syndactyly
HP:0005768 2-4 toe cutaneous syndactyly
HP:0010714 2-4 toe syndactyly

HP:0010692 2-5 finger syndactyly
HP:0010715 2.5 toe syndactyly

HP:0008083 2nd-5th toe middle phalangeal hypoplasia
HP:0011939 3-4 finger cutaneous syndactyly
HP:0006097 3-4 finger syndactyly
HP:0009779 3-4 toe syndactyly

HP:0010710 3-5 finger syndactyly
HP:0010716 3-5 toe syndactyly

1

Figure 4. Phenomizer input window.

‘w | | Page(l (of424 | b B | Features 1 - 27 of 11442

[=] Abnormal mitochendria in muscle tissue
> I:l Abnommality of facial musculature
[=] Abnormality of hyoglossus muscle
Abnormality of lateral crico-arytenoid
> [Z7] Abnormality of muscle morphology
4 (-5 Abnormality of muscle physiology

4 ) Abnormal muscle tone
[=] Central hypotonia
4 5] Hypertonia
I [ Limb hypertonia
4 5] Spasticity
I [Z7] Lower limb spasticity

Opisthotonus
» [_) Progressive spasticity

[=] Spastic diplegia

[=] Spastic dysarthria

Spastic gait

[£] Spastic hemiparesis

[=] Spastic tetraparesis

[=] Spastic tetraplegia

[=] Spasticity of facial muscies

[Z] Spasticity of pharyngeal muscles

[=] Upper limb spasticity

I [ Muscular hypotonia

i [[J]EMG abnormality
I» [_JJ Functional motor problems
i [ Increased muscle fatiguability
I [Z]Muscle cramps

Muscle hyperirritability
I+ [ Muscle stiffness
I [:l Muscle weakness
I+ [ Myalgia
I> [Z]Myotonia

=] Tetany

ST Ahnormaliheof musculaturs of nhanmay,

Users can use the autocomplete field (left) or the HPO ontology hierarchy (right) to select
the best HPO term. Double clicked terms are selected and appear in the Patient’s Features

window.
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Menu. ¥ Support the Phenomizer. Help.

Features. Diseases. Ontology.

4 ] ORGAN ABNORMALITY
__| Abnormality of blood and blood-forming tissues
__| Abnormality of connective tissue
__| Abnormality of head or neck
__| Abnormality of limbs
Abnormality of metabolism/homeostasis
=] 5-oxoprolinase deficiency
__| Abnormal enzyme/coenzyme activity
|__] Abnormal homeostasis
Abnormal sweat homeostasis
=] Abnormal sweat electrolytes

| =] Elevated sweat chloride
] Abnormality of Krebs cycle show OMIM entries.
__1 Abnormality of acid-base hol display in ontology.
1 Abnormality of calcium-phos

__) Abnormality of carbohydrate I add to patient's features.

__J Abnormality of carboxylic acid metabolism

__] Abnormality of cell physiology

__J Abnormality of circulating protein level

__J Abnormality of fluid regulation

__1 Abnormality of glycoprotein metabolism

__| Abnormality of ion homeostasis

__] Abnormality of lipid metabolism

__| Abnormality of nitrogen compound homeostasis
__| Abnormality of nucleobase metabolism

__| Abnormality of superoxide metabolism

|__J Abnormality of temperature regulation

__| Abnormality of the heme biosynthetic pathway
__] Abnormality of urine homeostasis

| Abnormality of vitamin metabolism

Figure 5. Phenomizer context menu.

Page 23

Patient's Features.

HPO. Feature. «

= category.: Abnormality of the abdomen (1 Item)
HP:0011620 Abnormality of abdominal situs

Right clicking on an HPO term causes a context menu to appear. The subcommand “show
OMIM entries” causes a list of diseases annotated to the HPO term to appear. The OMIM
disease identifiers are also shown. The subcommand “display in ontology” displays the
subset of the HPO from term up to the root of the ontology. Finally, the subcommand “add
to patient’s features” causes the HPO term to be appended to the list of HPO terms the user

is building.

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Kéhler et al.

Page 24

Patient's Features. H Diagnosis. ":“]

Algorithm: resnik (Unsymmetric). | 5 Features.

p-value. « | Disease Id. ‘Disease name. Genes.

1000 EE O3

Results sorted by
p-Value

Seiection fr“improve | MARFANSTABROME!
Diferenal DAGIOSS" .. 19080 EHLERS DANLOS SYNDRONE, AUTOSONAL DOMINANT TYPE UNSPEGIFEDIEDS, WNSPECL.

L 00062 OMIM1... #613425 CARDIOMYOPATHY, DILATED, 15; CMD1SLEFT VENTRICULAR NONCOMPACTION 5, INCLUD... | TPM1 (7168)....
|| 00083 OMIMS... #154700 MARFAN SYNDROME; MFS;MARFAN SYNDROME, TYPE L MFST  FBN1(2200)
[oowes | oRPHAN..|MOVEDTO |[TemRi@os.
(00063 OMIMSY..| #611768 AORTIC ANEURYSM, FAMILIAL THORACIC 6; AATS FAMILIAL THORACIC AORTIC ANEURYS... | TGFB2 (T042...|
(00083 OMM:f2.. COARCTATIONOFAORTA

(00063 OMMAO.. ANEURYSMOFINTERVENTRICULARSEPTUM
|| 00084 OMIMED... #608967 LOEYS-DIETZ SYNDROME, TYPE 24; LDS2AAORTIC ANEURYSM, FAMILIAL THORACIC SiA...
00064 | [OMIM:22... | ENDOCARDIAL FIEROELASTOSIS AND COARCTATION OF ABDOMINALAORTA |||
[ 00088 OMIM:1... #614816 LOEYS-DIETZ SYNDROME, TYPE 4; LDS4ANEURYSM, AORTIC AND CEREBRAL, WITH ART... | TGFB2 (7042...
L 00071 OMMG1. #6MIGATRIALSEPTALDEFECT4ASDL TBX0(T0)

{4 4 [Pagelt of2e8| b M| 4% Improve Differential Diagnosis. Download Results.

Figure 6.
Results of Phenomizer analysis are sorted by p-value.

Curr Protoc Hum Genet. Author manuscript; available in PMC 2020 September 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kéhler et al.

5 o o o o o o o

Show annotations.

MAR YPERMOBIL Show Images (Google).

j dragable image. .

L2

Subcutancous hemorrhage

ANEURYSM, THQ

y

Show Disease entry.

Show known genes.

Display overlap.

Dilatation of
Bruising susceptibility the abdominal
aorta ‘
A " Dilatation of
Thoracic aortic i

aorta

W\ ¥

Ascending aortic
aneurysm

Figure 7.
Each syndrome in the result list has a context menu that allows you to display the overlap

between the proband’s HPO terms and the syndrome’s features. The query terms are
displayed in blue, the terms belonging to the disease in yellow, and terms shared by query
and disease in red. In this example, Aortic aneurysm and the other red terms are shared by
the disease and the query. Bruising susceptibility (HP:0000978) and the other yellow terms
are used to annotate the disease but were not among the query terms. The blue term
Ascending aortic aneurysmwas used in the query but is not used to annotate the disease.
Note that the overlap image is draggable.
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vSave v Q@Cancel XDelete iEJumpto... v % More actions v O HIDE

Clinical symptoms and physical findings

~) This patient is clinically normal:
Or select observed phenotypes: @

) CURRENT SELECTION
. Quick phenotype search:
absence of tears ’ o . e oA ‘s this?
How informative is your phenotypic description: s ¥ B« UL

BROWS (3 7 Alwerima © |

v as: Absence of tears in the eyes)

GROWTH PARAMETERS

als

» GRO! .
Y N Absence of alpha granules @ ¥ Microcephaly ~ DELETE  ADD DETALS
> CRA!
Y N Absence of intrinsic factor €@ EYE DEFECTS
> EYE| v N Congenital absence of foreskin @ Coloboma  (FEiErE] (ADBEEIE
» EAR /77 Absence of subcutaneous fat (i)
= CUTANEOUS
» CUTA (v '~ Absence of the sacrum @
» CARI (v ) Partial absence of foot & Capillary hemangiomas  DELETE ADD DETALLS
» RESF Y N Partial absence of finger @ BEHAVIOR, COGNITION AND DEVELOPMENT
v must "M Absence of pubertal development @ Global developmental delay  DELETE  ADD DETAILS
> m | 'y N Absence of acoustic reflex @ NEUROLOGICAL
= m | Y N absence of tears
> m (Vaur Text; ot a standasti tem) Ataxia DELETE EDITDETALS CLEAR DETAILS
> hide suggestions Childhood onset
Camptodactyly Ssvers

> [ v '~ Finger ®
»@ v N Te®
Syndactyly

QUICK SAVE [ SAVE AND VIEW SUMMARY CANCEL CHANGES SINCE LAST SAVE

Figure 8.
Using PhenoTips for deep phenotyping using the HPO.
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&4 Automatic layout & Print ~ More...

Abe Simpson

Homer Simpson

Mona Simpson (Olsen)

v Save & Export

Clancy Bouvier
Lung ca. dx ?

Page 27

® Close
«

Phenotypes
) Mild expressive language delay

(1 case)
® @ Blue hair (7 case)
@ Overweight (7 case)

@ Alcoholism (7 case)
Mental deterioration (1 case)
Jacqueline Bouvier (Gurney)
Cancers

@ Lung cancer (1 case)

Marge Simpson (Bouvier)

7

P0000204
Maggie Simpson

Figure 9.

O

Lisa Simpson

Bart Simpson

Other family members

Patty Bouvier Selma Bouvier

Ling Bouvier

Using PhenoTips to draw a pedigree and record family history.
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Suggested Genes @ HioE

Click on terms below (extracted from the phenotypic description) to disable or re-enable their contribution in the gene search results.

Seizures (1340 Global developmental delay (259 Microcephaly "®?)  Generalized hypotonia"2®)  Strabismus "% Intrauterine growth
retardation %) EEG abnormality @) Constipation@®)  Elevated hepatic transaminase (74 Alacrima (")

(2] Exclude Tested Negative And Rejected Candidate Genes
Results 1 - 10 out of 2150 per page of 10 ~| Page12345678910...215
Matching genes Associated phenotypes
NGLY1 & Alacrima; Elevated hepatic transaminase; Generalized hypotonia; Global develc delay; Mi ; Sei; Strabismus
TRAPPC11 @ Alacrima; Elevated hepatic transaminase; Generalized hypotonia; Global develc | delay; Mi ; Sei ismus
TCF4 © Constipation; Elevated hepatic transaminase; Generalized hypotonia; Global developmental delay; Microcephaly; Seizures; Strabismus
GMPPA © Alacrima; Generalized hypotonia; Global developmental delay; Microcephaly; Seizures; Strabismus
POLG © Constipation; Elevated hepatic transaminase; Generalized hypotonia; Global developmental delay; Microcephaly; Seizures
DDOST © Constipation; Elevated hepatic transaminase; Generalized hypotonia; Global developmental delay; Seizures; Strabismus
ATRX © Constipation; Elevated hepatic transaminase; Global developmental delay; Microcephaly; Seizures; Strabismus
ARID2 & Constipation; Generalized hypotonia; Global developmental delay; Microcephaly; Seizures; Strabismus
CD9%6 & Constipation; G ized hypotonia; Global developmental delay; Microcephaly; Seizures; Strabismus
DEAF1 © Constipation; Generalized hypotonia; Global developmental delay; Microcephaly; Seizures; Strabismus
Results 1 - 10 out of 2150 Page12345678910...215
Figure 10.
Using PhenoTips to generate real-time gene suggestions based on the patient’s phenotypic
profile.
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test:00000002
& Test User
Clinical Data
Summary
Timeline
Demographics
| Growth charts
& Practitioners
B Clinical records
Y Diagnoses
@ Imaging
A Tests

Genomic features

i}

Q¥ Attachments

Figure 11.

Clinical Records + Add a Clinical Record
type Pro Annotation Sufficiency
Test User - Feb 27, 2019 # Edit @ Delete

Patient had premature fusion of certain skull bones (craniosynostosis). This early fusion prevents the skull
from growing normally and affects the shape of the head and face. This has led to wide-set eyes, a high
forehead, an underdeveloped upper jaw, and a beaked nose. Patient also had hearing loss and dental
anomalies.

‘A more detailed consultation has revealed wide thumbs and toes, bend away from the other digits.
Unusually short fingers and toes (brachydactyly) have been noted, and there was some webbing
between the digits (syndactyly).

Page 29

- Phenotype Profile
|

Annotation Sufficiency v ¥¢ ¥ ¥¥ ¥¥

Abnormality of head or neck
Abnormality of the dentition
Graniosynostosis | Aplasia/Hypoplasia of the maxilla

Abnormality of the ear

Hearing impairment

Abnormality of the skeletal system
Syndactyly
Broad thumb | Short toe | Brachydactyly:
| Short finger | Aplasia/Hypoplasia of the maxilla
Abnormality of limbs
Syndactyly | Broad thumb [ Short toe |
Brechyaactyy | Shor ingor ]

Abnormality of the eye

Hypertelorism

Using PatientArchive to create a HPO phenotype profile from a free text clinical note.
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Search and add to list (Maximum three entries)

Saethre-Chotzen syndrome (Orphanet) BRACHYPHALANGY, POLYDACTYLY, AND TIBIAL APLASIA/HYPOPLASIA (OMIM) Dubowitz syndrome (Orphanet)

|@ Top 3 similar| @ Next 3 similar

Similarity
84.33%
Saethre-Chotzen syndrome (Orphanet)
84.33%
BRACHYPHALANGY, POLYDACTYLY, AND TIBIAL APLASIA/HYPOPLASIA (OMIM)
83.33%
Dubowitz syndrome (Orphanet)
oe
e
55 &
$E .50 &
D82 T SS &
5 &8 N &
B R & &
8¢ SN S5
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B[
5
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Ity of,
Cardo, SO
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£ R g 'i,&“c,}‘w s ure
Bracy i 3 / : CanEal o na suture 0%
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Abnomaiiy of 1 ] S il = % nmm\
antivelx : -7 \ — B o
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Yoertesl;
n%”sm
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Figure 12.

Using PatientArchive to explore the top 3 candidate disorders associated with the patient

phenotype profile.
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FGFR2 Exomiser Score: 0.994 Phenotype Score: 0.879

Phenotype matches:
0.879 to Ci ial-skeletal i i with FGFR2.
Best Phenotype Matches:
HP:0001156, Brachydactyly - HP:0006101, Finger syndactyly
HP:0001363, Craniosynostosis - HP:0004440, Coronal craniosynostosis
HP:0011304, Broad thumb - HP:0011304, Broad thumb
HP:0010055, Broad hallux - HP:0010055, Broad hallux

Phenotypic similarity 0.827 to mouse mutant involving FGFR2.

Best Phenotype Matches:
HP:0001156, Brachydactyly - MP:0000157, abnormal sternum morphology
HP:0001363, Crani - MP:0000081, p cranial suture closure

HP:0011304, Broad thumb - MP:0000157, abnormal sternum morphology
HP:0010055, Broad hallux - MP:0000157, abnormal sternum morphology

imity score 0.505 in i to SALL4 and p! il 0.683 to A I I y
Best Phenotype Matches:
HP:0001156, Brachydactyly - HP:0010109, Short hallux
HP:0001363, Craniosynostosis -
HP:0011304, Broad thumb - HP:0001199, Triphalangeal thumb
HP:0010055, Broad hallux - HP:0010109, Short hallux

imity score 0.505 in i to SALL4 and phenotypic similarity 0.608 to mouse mutant of SALL4.
Best Phenotype Matches:
HP:0001156, Brachydactyly - MP:0002110, abnormal digit morphology
HP:0001363, Craniosynostosis - MP:0000554, abnormal carpal bone morphology
HP:0011304, Broad thumb - MP:0005306, abnormal phalanx morphology
HP:0010055, Broad hallux - MP:0002110, abnormal digit morphology

Known diseases:

OMIM:101200 Apert syndrome - autosomal dominant

OMIM:101400 Saethre-Chotzen syndrome - autosomal dominant
OMIM:101600 Craniofacial-skeletal ic dysplasia - dominant
OMIM:123150 Jack! -Wei < dominant

OMIM:123500 Crouzon syndrome - autosomal dominant

‘OMIM:123790 B cutis gyrata - dominant
‘OMIM:149730 LADD syndrome - autosomal dominant

‘OMIM:207410 Antley-Bixler syndrome without genital or di: -
‘OMIM:609579 Scaphocephaly, maxillary retrusion, and mental retardation - unknown
‘OMIM:613659 Gastric cancer, somatic - somatic

OMIM:614592 Bent bone dysplasia syndrome - autosomal dominant
ORPHA:1540 Jackson-Weiss syndrome

ORPHA:1555 Cutis gyrat: is nigri i is sy
ORPHA:168624 Familial 3 2 il type

ORPHA:207 Crouzon disease

ORPHA:313855 FGFR2-related bent bone dysplasia

ORPHA:794 Saethre-Chotzen syndrome

'ORPHA:83 Antley-Bixler syndrome

ORPHA:87 Apert syndrome

ORPHA:93258 Pfeiffer syndrome type 1

ORPHA:93259 Pfeiffer syndrome type 2

ORPHA:93260 Pfeiffer syndrome type 3

Gene scores under compatible inheritance modes:

AUTOSOMAL_DOMINANT Exomiser Score: 0.994 Phenotype Score: 0.879

Variants contributing to score:
chr10:9.123256215T>G [0/0:0/0:0/1:0/0] rs121918506 (variation viewer)
ClinVar: [EI=ERAD==1T (criteria_provided,_single_submitter)

Variant score: 1.000 Pathogenicity Data:
Transcripts: Best Score: 1.0
FGFR2:ENST00000336553.6:c.1421A>C:p.(Glu474Ala) Polyphen2: 0.998 (D)
FGFR2:ENST00000346997.2:c.1688A>C:p.(Glu563Ala) Mutation Taster: 1.000 (P)
FGFR2:ENST00000351936.6:¢.1688A>C:p.(Glu563Ala) SIFT: 0.010 (D)

FGFR2:ENST00000356226.4:c.1343A>C:p.(Glu448Ala)
FGFR2:ENST00000357555.5:¢.1427A>C:p.(Glu476Ala)
FGFR2:ENST00000358487.5:¢.1694A>C:p.(GluS65Ala)
FGFR2:ENST00000360144.3:c.1430A>C:p.(Glu477Ala)

Figure 13.
Exomiser output page.
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