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Types of genetic information relevant to patient care

Conditions
Pharmacogenetics, heritable conditions, somatic/cancer
MedGen has content for
53,993 conditions that have one or more definitions
677 conditions with genetics practice guidelines
Genetic tests

GTR has 35,000 genetic tests

323 tests for 162 drug responses and 29 genes
757 somatic / cancer tests

Variations and their relationship to human health

ClinVar has 157,026 unique variation records for
27,213 genes

143,913 variations with interpretations about pathogenicity
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NCBI medical genetics resources
MedGen - NCBI’s medical genetics portal

Information aggregator for conditions with a genetic
component from sources like OMIM, PubMed, GeneReviews,
Medical Genetics Summaries (pharmacogenetics)

GTR - NIH Genetic Testing Registry
International registry of orderable genetic tests for

heritable disorders, somatic / cancer variation,
and drug responses, voluntarily provided by testing labs

ClinVar

Database of assertions (interpretations) of clinical
significance for variants and their relationship to phenotypes
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Pharmacogenomics -
Optimizing Drug Therapy based on Genotype

Drug — gene combinations

Dose adjustment based on genotype

Avoidance of adverse drug effects based on genotype
The “condition” is in the format ‘[drug] response’

Medical Genetics Summaries: specialized

pharmacogenetics content developed by NCBI

Genetic variants and drug responses
http://www.ncbi.nlm.nih.gov/books/NBK109194/
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Get dosing recommendations by genotype

Example: Codeine metabolism is influenced by
CYP2D6 variations. A standard dose may provide
inadequate pain relief in some and severe toxicity
in others. MGS contains therapeutic
recommendations based on CYP2D6 genotype,
such as when to alter the dose or use an
alternative drug.

Avoid idiosyncratic drug reactions

Example: Allopurinol is used in the treatment of gout
but it may cause drug-induced severe cutaneous
adverse reactions (SCAR). There is a strong association
between HLA-B*58:01 and SCAR. MGS includes
therapeutic recommendations that warn not to
prescribe allopurinol to HLA-B*58:01 carriers.
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j ‘Atomoxetine response

Create alert Limits Advanced

Full Report ~ Sendto: -
Atomoxetine response
MedGen UID: 450428 - Concept ID: CNO77956 + Sign or Symptom

Synonyms: Strattera response
Drug: Atomoxetine

«| Additional descriptions Go to: (¥

From Medical Genetics Summaries

Atomoxetine was the first non-stimulant drug to be used in the treatment of attention-deficit hyperactivity disorder (ADHD). Atomoxetine is a selective
noradrenaline reuptake inhibitor, and is part of a treatment plan for ADHD that may include other measures such as psychological, educational, and
social support. The CYP2D6 enzyme metabolizes a quarter of all prescribed drugs, including atomoxetine. Individuals who carry two nonfunctional
copies of the CYP2D6 gene are known as poor metabolizers and have higher plasma concentrations of atomaoxetine compared with individuals who
have two copies of normal activity alleles. The FDA states that the dose of atomoxetine may need to be adjusted in patients known to be CYP2D6 poor
metabolizers. A guideline from The Dutch Pharmacogenetics Working Group includes the recommendation that poor metabolizers can be given the
standard dose of atomoxetine, but physicians should be aware of adverse drug events. They also state that for individuals who have more than two
functional gene copies of CYP2D6, i.e., individuals with so-called ultrarapid metabolizer status, physicians should either be alert to reduced efficacy
with the standard dose of atomoxetine, or they should prescribe an alternative drug, such as methylphenidate or clonidine. http/fwww.ncbi_nim.nih.gov
/books/NBK315951

From NCBI curation

Atomoxetine was the first non-stimulant drug to be used in the treatment of attention-deficit hyperactivity disorder (ADHD). Atomoxetine is a selective
noradrenaline reuptake inhibitor, and is part of a treatment plan for ADHD that may include other measures such as psychological, educational, and
social support. The CYP2D6 enzyme metabolizes a quarter of all prescribed drugs, including atomoxetine. Individuals who carry two nonfunctional
copies of the CYP2D6 gene are known as poor metabolizers and have higher plasma concentrations of atomaoxetine compared with individuals who
have twa copies of normal activity alleles. The FDA states that the dose of atomaxetine may need to be adjusted in patients known to be CYP2D6 poor
metabolizers. A guideline from The Dutch Pharmacogenetics Working Group includes the recommendation that poor metabolizers can be given the
standard dose of atomoxetine, but physicians should be aware of adverse drug events. They also state that for individuals who have more than two
functional gene copies of CYP2D6, i.e, individuals with so-called ultrarapid metabolizer status, physicians should either be alert to reduced efficacy
with the standard dose of atomaoxetine, or they should prescribe an alternative drug, such as methylphenidate or clonidine.

«| Professional guidelines Go to: (v [~

DailyMed Drug Label, ATOMOXETINE HYDROCHLORIDE, 2011
National Academy of Clinical Biochemistry, Clinical practice considerations. In: Laboratory medicine practice guidelines: guidelines and
recommendations for laboratory analysis and application of pharmacogenetics to clinical practice, 2010

~| Recent clinical studies Go to: (¥(~

Etiology

Atomoxetine response in the inattentive and combined subtypes of attention deficit hyperactivity disorder: a retrospective chart
review.

Ercan ES, Akyol Ardic U, Kabukcu Basay B, Ercan E, Basay O

ard 20

Aften Defic Hyperact [ Dec b4} _8 pub 20 402-013-0 _(] pub abead of printl PMID-

Table of contents

Additional descriptions
Professional guidelines
Recent clinical studies

Therapeutic recommendations

Genetic Testing Registry

Deletion/duplication analysis (4)

Targeted variant analysis (4)

Seeall (4)

Clinical resources

PharmGKB

ClinicalTrials.gov

Consumer resources

MedlinePlus

Reviews

Medical Genetics Summaries
PubMed Clinical Queries
Reviews in PubMed

Related information
GTR

GTR(Clinical)

PMC Articles

PubMed

PubMed (Bookshelf cited)




+ Therapeutic recommendations Go to: [v](~)

This section contains excerpted1 information on gene-based dosing recommendations. Neither this section nor other parts of this review
contain the complete recommendations from the sources.

Statement from the US Food and Drug Administration (FDA):

Dosing adjustment for use with a strong CYP2D6 inhibitor or in patients who are known to be CYP2D6 PMs? — In children and adolescents upto 70
kg body weight administered strong CYP2D6 inhibitors, e g., paroxetine, fluoxetine, and quinidine, ar in patients who are known to be CYP2D6 PMs,
atomoxetine should be initiated at 0.5 mg/kg/day and only increased to the usual target dose of 1.2 mg/kg/day if symptoms fail to improve after 4
weeks and the initial dose is well tolerated.

In children and adolescents over 70 kg body weight and adults administered strong CYP2DE inhibitars, e.q., paroxetine, fluoxetine, and quinidine,
atomoxetine should be initiated at 40 mg/day and only increased to the usual target dose of 80 mg/day if symptoms fail to improve after 4 weeks and
the initial dose is well tolerated Please review the complete therapeutic recommendations that are located here: (1)

Summary of recommendations from the Pharmacogenetics Working Group of the Royal Dutch Association for the Advancement of
Pharmacy (KNMP): For individuals who are poor metabolizers, a standard dose of atomaoxetine is recommended. An increase in dose is probably
not necessary, but the physician should be alert to adverse drug events. For individuals who are ultrarapid metabolizers, there are insufficient data to
allow for an adjusted dose to be calculated. The physician should be alert to reduced efficacy of a standard dose of atomoxetine, or prescribe an
alternative drug, such as methylphenidate or clonidine.

Please review the complete therapeutic recommendations that are located here: (2)

The FDA labels specific drug formulations. We have substituted the generic names for any drug labels in this excerpt. The FDA may not have
labelled all formulations containing the generic drug.

2 PMs: Poor metabolizers

1. STRATTERA (atomoxetine hydrochloride) capsule, STRATTERA (atomoxetine hydrochloride) kit [package insert]. Indianapolis, IN: Eli Lilly and
Company; 2014. Available from: hitp://dailymed.nim_nih.gow/dailymed/druginfo.cfm?setid=309de576-c318-404a-bc15-660c2b1876fb.

2. 5wen J.J_, Nijenhuis M., de Boer A, Grandia L_, et al. Pharmacogenetics: from bench to byte—an update of guidelines. Clinical pharmacology and
therapeutics. 2011;89(5).662-73.
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From Medical Genetics Summaries

Atomoxetine was the first non-stimulant drug to be used in the treatment of attention-deficit hyperactivity disorder (ADHD). Atomoxetine is a selective
noradrenaline reuptake inhibitor, and is part of a treatment plan for ADHD that may include other measures such as psychological, educational, and
social support. The CYP2D6 enzyme metabolizes a quarter of all prescribed drugs, including atomoxetine. Individuals who carry two nonfunctional
copies of the CYP2D6 gene are known as poor metabolizers and have higher plasma concentrations of atomaoxetine compared with individuals who
have two copies of normal activity alleles. The FDA states that the dose of atomoxetine may need to be adjusted in patients known to be CYP2D6 poor
metabolizers. A guideline from The Dutch Pharmacogenetics Working Group includes the recommendation that poor metabolizers can be given the
standard dose of atomoxetine, but physicians should be aware of adverse drug events. They also state that for individuals who have more than two
functional gene copies of CYP2D6, i.e., individuals with so-called ultrarapid metabolizer status, physicians should either be alert to reduced efficacy
with the standard dose of atomoxetine, or they should prescribe an alternative drug, such as methylphenidate or clonidine. http/fwww.ncbi_nim.nih.gov
/books/NBK315951

From NCBI curation

Atomoxetine was the first non-stimulant drug to be used in the treatment of attention-deficit hyperactivity disorder (ADHD). Atomoxetine is a selective
noradrenaline reuptake inhibitor, and is part of a treatment plan for ADHD that may include other measures such as psychological, educational, and
social support. The CYP2D6 enzyme metabolizes a quarter of all prescribed drugs, including atomoxetine. Individuals who carry two nonfunctional
copies of the CYP2D6 gene are known as poor metabolizers and have higher plasma concentrations of atomaoxetine compared with individuals who
have twa copies of normal activity alleles. The FDA states that the dose of atomaxetine may need to be adjusted in patients known to be CYP2D6 poor
metabolizers. A guideline from The Dutch Pharmacogenetics Working Group includes the recommendation that poor metabolizers can be given the
standard dose of atomoxetine, but physicians should be aware of adverse drug events. They also state that for individuals who have more than two
functional gene copies of CYP2D6, i.e, individuals with so-called ultrarapid metabolizer status, physicians should either be alert to reduced efficacy
with the standard dose of atomaoxetine, or they should prescribe an alternative drug, such as methylphenidate or clonidine.

«| Professional guidelines Go to: (¥

DailyMed Drug Label, ATOMOXETINE HYDROCHLORIDE, 2011
National Academy of Clinical Biochemistry, Clinical practice considerations. In: Laboratory medicine practice guidelines: guidelines and
recommendations for laboratory analysis and application of pharmacogenetics to clinical practice, 2010
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Etiology

Atomoxetine response in the inattentive and combined subtypes of attention deficit hyperactivity disorder: a retrospective chart
review.

Ercan ES, Akyol Ardic U, Kabukcu Basay B, Ercan E, Basay O
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Medical Genetics Summaries

Concise reviews about genetic influence
on drug responses

Includes genetic testing strategy and
dosing recommendations IS

Medical Genetics

Expert-reviewed . e _
Regularly updated
Free to access

Integrated with GTR and MedGen

m) U.S. National Library of Medicine
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MGS fills a gap
About 150 FDA-approved drugs include pharmacogenomic
information in their labeling

but few FDA labels include therapeutic recommendations
Synthesizes information from authoritative sources

e.g., FDA, CPIC (Clinical Pharmacogenetics Implementation
Consortium), ACMG, ACR, ASCO, CAP, CPNDS, KNMP, NCCN

Some guidelines only apply to test results that are already
available

CPIC does not address when a pharmacogenetic test should
be ordered
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Atomoxetine Therapy and CYP2D6 Genotype

Laura Dean, MD.

MNCBI
dean@nchi.nlm.nih_gov

Created: September 10, 2015.

Atomoxetine was the first non-stimulant drug to be used in the treatment of attention-deficit hyperactivity disorder
(ADHD). Atomoxetine is a selective noradrenaline reuptake inhibitor, and is part of a treatment plan for ADHD that may
include other measures such as psychological, educational. and social support.

The CYP2D6 enzyme metabolizes a quarter of all prescribed drugs, including atomoxetine. Individuals who carry two
nonfunctional copies of the CYP2D6 gene are known as poor metabolizers and have higher plasma concentrations of
atomoxetine compared with individuals who have two copies of normal activity alleles.

The FDA states that the dose of atomoxetine may need to be adjusted in patients known to be CYP2D6 poor
metabolizers (1). A guideline from The Dutch Pharmacogenetics Working Group includes the recommendation that poor
metabolizers can be given the standard dose of atomoxetine, but physicians should be aware of adverse drug events. They
also state that for individuals who have more than two functional gene copies of CYP2D6, i.e., individuals with so-called
ultrarapid metabolizer status, physicians should either be alert to reduced efficacy with the standard dose of atomoxetine,
or they should prescribe an alternative drug, such as methylphenidate or clomidine (Table 1) (2).




Table 1.

CYP2D6 phenotypes and the therapeutic recommendations for atomoxetine therapy

Phenotype Genotype Recommendations for atomoxetine therapy

Ultrarapid Three or more functional gene copies Insufficient data to allow calculation of dose adjustment.
metabolizer Be alert to reduced efficacy or select alternative drug
(e.g.. methylphenidate, clonidine).

Extensive Two functional gene copies No recommendations.
metabolizer

Intermediate One active allele and one inactive allele, or ~ No recommendations.
metabolizer two decreased activity alleles, or one

decreased activity allele and one mactive

allele

Poor Two inactive alleles Standard dose. Dose increase probably not necessary;
metabolizer be alert to adverse dmg events.

The level of evidence for the therapeutic (dose) recommendations is 3/4 (*moderate quality™) for poor metabolizers, and
4/4 (*good quality™) for intermediate metabolizers. There are no data for ultrarapid metabolizers. The Table is adapted
from Swen I.J., Nijenhuis M., de Boer A., Grandia L. et al. Pharmacogenetics: from bench to byte - an update of
guidelines. Clinical pharmacology and therapeutics. 2011;89(5):662—73 (2).

Table 2.

Activity status of selected CYP2D6 alleles

Allele type Alleles

Normal function ] kD k33 %35
Decreased function *@, *10, *I17 *29 *4]
No function R T S T W

For a more detailed list of CYP2D6 alleles, please see (3).




Nomenclature

Common Alternative
allele name names

CYPZ2D6*4 1846G=A

CYP2D6*5 CYP2D6,.DEL

CYP2D6*6 1707 del T
Trpl52Gly

CYP2D6*10 100C=T
Pro34Ser

CYP2D6*17 Includes at
least two
functional
variants*:
1023C=T
(Thr107Ile)
2850C=T
(Cys296Arg)

CYP2D6*41 2988G-=A

HGVS reference sequence

Coding

NM_000106.4:¢.506-1G=A

NC_000022.10:g.
(42534124_42531353) (42521970_42519196)del

NM_000106.4:c.454delT

NM_000106.4:¢.100C>T

NM 000106.4:¢.320C>T
NM 000106.4:¢.886T=C

NM_000106.4:¢.985+39G>

Go to: (%)

dbSNP
reference
identifier

Protein for allele

location

Not applicable—variant  rs3892097
occurs in a non-coding

region

Not applicable—variant results in a
whole gene deletion

NP_000097 rs5030655
2:p. Trp152Glyfs

NP _000097.2:p.Pro34Ser rs1065852

NP 000097.2:p.Thr107Ile 128371706
NP_000097 1516947

2:p.Cys296Arg

Not applicable—variant  rs28371725
occurs in a non-coding
region

* In the literature, 1023C=T is also referred to as 1111C>T, and 2850C=T is also referred to 2938C=T.

Guidelines for the description and nomenclature of gene variations are available from the Human Genome Variation
Society (HGVS): http://www.hgvs.org/content/guidelines

Nomenclature for Cytochrome P450 enzymes is available from the Human Cytochrome P450 (CYP) Allele Nomenclature

Database: http://'www.cvpalleles ki.se/
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Case study:
presenting signs & symptoms
The clinic secretary schedules this visit for you:

- Boy age 9 years, chief complaint:
needs medical clearance to play soccer

- Referredto genetics because of family history:

- paternal uncle died of a dissecting thoracic aortic
aneurysm at age 52

- paternal grandmother died in childbirth

You do some background reading to prepare for the case.

\x\
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MedGen | |aortic dissection |

Create alert Limits Advanced

See MedGen results with aortic dissection as a clinical feature (12) e

Summary = 20 per page « Sendto:

Search results

ltems: 1 to 20 of 36 Page [1  of2 Next> Last=>

-
1.

Aortic dissection
Aortic dissection refers to a tear in the intimal layer of the aorta causing a separation between the intima and the medial layers of the aorta. [from

HPO

MedGen UID: 427921 - Concept ID: CNO02407 - Finding

Aortic dissection
Aortic dissection refers to a tear in the intimal layer of the aorta causing a separation between the intima and the medial layers of the aorta. [from

HPO
MedGen UID: 83315 - Concept ID: C0340643 - Disease or Syndrome

Thoracic aortic aneurysm and aortic dissection

The major cardiovascular manifestations of thoracic aortic aneurysms and aortic dissections (TAAD) include: (1) dilatation of the ascending
thoracic aorta at the level of the sinuses of Valsalva or ascending aorta or both; and (2) dissections of the thoracic aorta involving either the
ascending (Stanford type A dissections) or descending aorta (Stanford type B). Rarely an aneurysm involving the descending thoracic aorta is
observed. Vascular manifestations can be the only findings. In the absence of surgical repair of the ascending aorta, affected individuals typically
have progressive enlargement of the ascending aorta leading to an acute aortic dissection. The age of onset and presentation of the aortic
disease are highly variable, as are the other vascular diseases and features associated with the aortic disease. [from GeneReviews

MedGen UID: 468423 - Concept ID: CN118826 - Disease or Syndrome
GTR ClinvVar Genes GeneReviews

Aortic aneurysm, familial thoracic 7

The major cardiovascular manifestations of thoracic aortic aneurysms and aortic dissections (TAAD) include: (1) dilatation of the ascending
thoracic aorta at the level of the sinuses of Valsalva or ascending aorta or both; and (2) dissections of the thoracic aorta involving either the
ascending (Stanford type A dissections) or descending aorta (Stanford type B). Rarely an aneurysm involving the descending thoracic aorta is
observed. Vascular manifestations can be the only findings. In the absence of surgical repair of the ascending aorta, affected individuals typically
have progressive enlargement of the ascending aorta leading to an acute aortic dissection. The age of onset and presentation of the aortic
disease are highly variable, as are the other vascular diseases and features associated with the aortic disease. [from GeneReviews

MedGen UID: 462427 - Concept ID: C3151077 - Disease or Syndrome
GTR Clinvar Genes OMIM GeneReviews




MedGen clinical feature record

Full Report ~ Sendto; ~

Aortic dissection
MedGen LID: §3315 « Concept ID: C0340643 - Disease or Syndrome

Synonyms:  Aortic Di SECTION,

AORTIC =y = . -
snomep cT: psecine — @ONditions with this feature

HPO: HP:0002¢€  Aortic aneurysm, familial thoracic 7
*| Definition Arterial tortuosity syndrome Go to: @ ()
ﬁggilc dissection refers  Fhlers-Danlos syndrome, classic type aorta. [from
Ehlers-Danlos syndrome, hydroxylysine-deficient
* TermHierarchy — Fhlers-Danlos syndrome, type 2 Goto: M
GTR | MeSH Ehlers-Danlos syndrome, type 4

Q@cinicaltest, @ lOromuscular dysplasia
Juvenile myopathy, encephalopathy, lactic acidosis AND stroke
Loeys-Dietz syndrome 3
Loeys-Dietz syndrome 4

~| Conditions with 1 Go to: (V) (»)
Aortic aneurysm, familial | Marfan syndrcme E
Arterial tortuosity syndror Tempgra| arteritis
Ehlers-Danlos syndrome, .
Ehlers-Danlos syndrome, hydroxylysine-deficient
Ehlers-Danlos syndrome, type 2
See full list (12)
«| Recent clinical studies Go to: (¥ ()

Etiology
Early and late outcomes of repaired acute DeBakey type | aortic dissection after graft replacement.
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MedGen Condition Record

Full Report « Send to” =
Table of contents

Marfan syndrome (IFs)

MedGen UID: 44287 « Concept ID: C0024796 « Disease or Syndrome Disease characteristics

synonyme: FBN1-Related Thoracic Aortic Aneurysms and Aortic Dissections: Marfan syndrome type 1; Marfan syndrome, classic; Adaitional descriptions
MARFAN SYNDROME, TYPE I; Marfan's syndrome; Marfanoid hypermobility syndrome; MFS Clinical features
Modes of inheritance: Autosomal dominant inheritance (HPO)

Term HIE,‘I'BI'[:I’“-r
SNOMED CT. Marfan syndrome (19346006); Marfan's syndrome (19346006); Marfan's disease (19346006)

Professional guidelines
Gene (location): FBN1 (15g21.1)
OMIM®: 154700
Orphanet: ORPHAS558

Suggested Reading
Recent clinical studies

__ Recent systematic reviews
~| Disease characteristics Go to: (V][4

Excerpted from the GeneReview: Marfan Syndrome

Marfan syndrome is a systemic disorder of connective tissue with a high degree of clinical variability. Cardinal manifestations involve the ocular,
skeletal, and cardiovascular systems. FBN1 pathogenic variants associate with a broad phenotypic continuum, ranging from isolated features of Deletion/duplication analysis (56)
Marfan syndrome to neonatal presentation of severe and rapidly progressive disease in multiple organ systems. Myopia is the most common ocular
feature; displacement of the lens from the center of the pupil, seen in approximately 60% of affected individuals, is a hallmark feature. People with
Marfan syndrome are at increased risk for retinal detachment, glaucoma, and early cataract formation. The skeletal system involvement is Detection of homozygosity (1)
characterized by bone overgrowth and joint laxity. The extremities are disproportionately long for the size of the trunk (dolichostenomelia). Overgrowth
of the ribs can push the sternum in (pectus excavatum) or out (pectus carinatum). Scoliosis is common and can be mild or severe and progressive.
The major sources of morbidity and early mortality in the Marfan syndrome relate to the cardiovascular system. Cardiovascular manifestations include  Sequence analysis of select exons (11)
dilatation of the aorta at the level of the sinuses of Valsalva, a predisposition for aortic tear and rupture, mitral valve prolapse with or without
regurgitation, tricuspid valve prolapse. and enlargement of the proximal pulmonary artery. With proper management, the life expectancy of someone
with Marfan syndrome approximates that of the general population. [from GeneReviews]

Genetic Testing Registry

Detection of homozygosity (1)
Mutation scanning of the entire coding region (6)

Sequence analysis of the entire coding
region (97)

Targeted variant analysis (7)

Full text of GeneReview (by section):

Summary | Diagnosis | Clinical Characteristics | Genetically Related (Allelic) Disorders | Differential Diagnosis | Management | Genetic See all (127)

Counseling | Resources | Molecular Genetics | References | Chapter Notes

Authors: Clinical resources
Harry C Dietz view full author information

OMIM
| Additional descriptions Goto: M orpnanet

From OMIM ClinicalTrials.gov

A heritable disorder of fibrous connective tissue, Marfan syndrome shows striking pleiotropism and clinical variability. The cardinal features occur in 3

systems—-skeletal, ocular, and cardiovascular (McKusick, 1972; Pyeritz and McKusick, 1979; Pyeritz, 1993). It shares overlapping features with

congenital contractural arachnodactyly (121050), which is caused by mutation in the FBN2 gene (612570).Gray and Davies (1996) gave a general Molecular resources

review. They published Kaplan-Meier survival curves for a cohort of British Marfan syndrome patients demonstrating greater survivorship in females

than in males; a similar result had been reported by Murdoch et al. (1972) and by Silverman et al. {(1995). Gray and Davies (1996) also proposed a OMIM

grading scale for clinical comparison of the Marfan syndrome patients. The authors provided criteria for each grade and suggested uniform use of ) o _ _
these scales may facilitate clinicomolecular correlations. htip-/Amw.omim.org/entry/154700 View FBNT variations in Clinvar

RefSeqGene
From GHR

Marfan syndrome is a disorder that affects the connective tissue in many parts of the body. Connective tissue provides strength and flexibility to Coriell Institute for Medical Research
structures such as bones. ligaments, muscles, blood vessels, and heart valves. The signs and symptoms of Marfan syndrome vary widely in severity,

timing of onset. and rate of progression.The two primary features of Marfan syndrome are vision problems caused by a dislocated lens (ectopia

lentis) in one or both eyes and defects in the large blood vessel that distributes blood from the heart to the rest of the body (the aorta). The aorta can CONSUmEr resources

weaken and stretch, which may lead to a bulge in the blood vessel wall (an aneurysm). Stretching of the aorta may cause the aortic valve to leak,
which can lead to a sudden tearing of the layers in the aorta wall (aortic dissection). Aortic aneurysm and dissection can be life threatening.Many
people with Marfan syndrome have additional heart problems including a leak in the valve that connects two of the four chambers of the heart (mitral ~ Genetics Home Reference
valve prolapse) or the valve that regulates blood flow from the heart into the aorta (aortic valve regurgitation). Leaks in these valves can cause
shortness of breath, fatigue, and an irregular heartbeat felt as skipped or extra beats (palpitations).Individuals with Marfan syndrome are usually tall
and slender, have elongated fingers and toes (arachnodactyly), and have an arm span that exceeds their body height. Other common features NCATS Office of Rare Diseases Research
include a long and narrow face, crowded teeth, an abnormal curvature of the spine (scoliosis or kyphosis), and either a sunken chest (pectus (GARD)

Genetic Alliance

MedlinePlus




MedGen Condition Record
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Contracture

MedGen UID: Concept ID: CO009917 - Acquired rmality

A flexion contracture is a bent (flexed) joint that cannot be straightened actively or passively. It is thus a chronic loss of joint motion due to structural
changes in muscle, tendons, ligaments, or skin that prevents normal movement of joints.

See: Search on this feature
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. . Marfan syndrome can be mild to severe, and the symptoms can i E! L 3
L) Medical Encyclopedia 21) vary. People with Marfan syndrome are often very tall, thin, and FATLAM
|.* | Videos and Tutorials (1) loose jointed. Most people with Marfan syndrome have heart and

blood vessel problems, such as a weakness in the aorta or heart
valves that leak. They may also have problems with their bones,
eyes, skin, nervous system, and lungs.
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Mitral Valve Prolapse

Last Update: June 11, 2014.

Mitral valve prolapse (MVP) is a condition in whis ' rork properly.

What Is Mitral Valve Prolapse? Py . Go to: [

Mitral (Ml-tral) valve prolapse (MVP) is a conditi w -~ The flaps of the valve are
"floppy" and don't close tightly. These flaps norrr \ - Left atrium

Much of the time, MVP doesn't cause any proble R\ Y o - Mitral valve : floppy valve. This can lead
- . E . - : prolapse . -
to palpitations, shortness of breath, chest pain, ¢ lve (valve flap T heart is skipping a beat,
fluttering, or beating too hard or too fast.) A -' | closes
; abnormally)
Normal Mitral Valve AR\ Left ventricle

The mitral valve controls blood flow between the . '. T Normal t. The upper chamber is
. ! : blood flow

called the left atrium (AY-tree-um). The lower ch S - leaving heart

The mitral valve allows blood to flow from the lef ~ - ay. The heart also has a

right atrium and ventricle, separated by the tricus

With each heartbeat, the atria contract and push : A icuspid valves open to let
blood through. Then, the ventricles contract to pt

When the ventricles contract, the flaps of the mit 1at prevents blood from
flowing back into the atria.

For more information, go to the Health Topics Hc tions that show how your
heart pumps blood and how your heart's electrical system works.

Mitral Valve Prolapse

In MVP, when the left ventricle contracts, one or both flaps of the mitral valve flop or bulge back (prolapse) into the left atrium.



Professional Guidelines

ACMG policy staterment. updated recommendations regarding analysis and reporting of secondary findings in clinical genome-scale

SEQUENCInG.
ACMG Board of Directors
Genet Med 2015 Jan;17(11:68-3. Epub 2014 Mov 13 doi: 10.1038/gim.2014.151. [Epub ahead of print] PMID: 255356565

2014 ESC Guidelines on the diagnosis and treatment of aortic diseases: Document covering acute and chronic aortic diseases of the
thoracic and abdominal sorta of the adult. The Task Force for the Diagnosis and Treatment of Aortic Diseases of the European
Society of Cardiology (ESC).
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Canadian Cardiovascular Society position staterment on the management of thoracic sordic disease.

Boodhwani M, Andelfinger G, Leipsic J, Lindsay T, McMurtry M3, Therrien J, Siu SC; Canadian Cardiovascular Society
Can J Carchol! 2014 Jun;30(6):577-89. Epub 2014 Feb 28 doi: 101016/, cjca.2014.02.018. [Epub ahead of print] PMID: 24852525

ACMG recommendations for reporting of incidental findings in clinical exome and genome Sequencing.

Green RC, Berg J5, Grody WA, Kalia 55, Korf BR, Martin CL, McGuire AL, Mussbaum RL, O'Daniel JM, Ormond KE, Rehm HL, Watsan M3,
Williams M3, Biesecker LG; American College of Medical Genetics and Genomics
Genet Wed 2013 Jul;15(7):565-74. Epub 2013 Jun 20 dai: 10.1038/gim.2013.73. [Epub ahead of print] PMID: 23755249 Free PMC Article

Evaluation of the adolescent or adult with some features of Marfan syndrome.

Pyeritz RE; American College of Medical Genetics and Genomics
Genet Mad 2012 Jan 140101717, Epub 2012 Jan & doi: 10.1038/gim.2011.48. [Epub ahead of print] PMID: 22237449

Clinical utility gene card for Marfan syndrome tvpe 1 and related phenotvpes [FERN1].

Arslan-Kirchner M, Arbustini E, Boileau C, Child A, Collod-Beroud G, De Paepe A, Epplen J, Jondeau &, Loeys B, Faiwre L
Eur J Hum Genet 2010 Sep; 18(3) Epub 2010 Apr 7 doi: 10.1038/ejhg.2010.42. [Epub ahead of print] PMID: 20372155 Free PMC Article

Guidelines for the diagnosis and management of Marfan syndrome.

Ades L, CEANZ Cardiovascular Genetics Working Group
Heart Lung Cire 2007 Feb;16(1):28-30. Epub 2006 Dec 26 doi: 101016/ hle. 2006.10.022. [Epub ahead of print] PMID: 17188535

Eecommendations for physical activity and recreational sports participation for voung patients with genetic cardiovascular diseases,

Maran BJ, Chaitman BR, Ackerman MJ, Bayés de Luna A, Carrado D, Crosson JE, Deal BJ, Driscoll DJ, Estes MNA 3rd, Aradjo CG, Liang DH, Mitten
M, Wyerburg RJ, Pelliccia A, Thompson PO, Towbin JA, Yan Camp SP; Working Groups of the American Heart Association Committee on Exercise,
Cardiac Rehabilitation, and Prevention; Councils on Clinical Cardiology and Cardiovascular Disease in the Young

Circwlation 2004 Jun 8;109022:2807-16. doi: 10.1161,01. CIR.0000128363.85581.E1. PMID: 15184297

Health supervision for children with Marfan syndrome. American Academy of Pediatrics Committee on Genetics.
Pediatncs 19596 Now,98(5):978-82. PMID: 5902500
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Additional articles of interest

Box 2 Scoring of systemic features

= Wizt AMD thumb sign — 3 (werist OF thumb sign—1)

Suggested Reading
PubMed » Pectuz carinatum deformity — 2 (pectus excavatum or chest asymmetry — 1)

The revised Ghent nosology for the Marfan syndr
Loeys BL, Dietz HZ, Eraverman AC, Callewaert EL, De Bac
Sponseller FD, Wordsworth P, De Faepe Al

J Mad Genet 2010 Jul47(7):476-85. doi: 10.1136fmg.2009 = Pneumathorax — 2

= Hindfoot deformity — 2 (plain pes planus —1)

-/ Recent clinical studies = Dural ectasia — 2
Etiology

Recent Clinical Drug Trials Evidence in Marfan Sy
Singh MM, Lacro RY
Can J Cardiol 2016 Jan32(1166-77 Epub 2015 Mov 10 do

« Protruzio acetabuli — 2

= Reduced USILS AMD increazed armheight AMD no severe scoliosis —1

Long-term outcomes of aortic root operations for | =-niinsis or tharacolumbar kyphosis — 1

procedures.
Price J, Magruder JT, Young A, Grimm JC, Patel ND, Algjo D
J Thorac Cardiovase Surg 2016 Feb 151(2)330-6 . Epub 20

Corneal Deformation Response and Ocular Geon . Facial features (3451 —1 (dolichocephaly, enophthalmos, downslanting palpebral

Beene LC, Traboulsi El, Seven |, Ford MR, Sinha RO‘y" A, But fISSLII’E-'E, malar h':."FIIIIFﬂEISIE, retrugnathla:l
Am J Cophthalmol 2016 Jan;161:56-64 &1 Epub 2015 Oct 2

= Reduced elbow extension —1

Outcomes of Aortic Valve-Sparing Operations in b = Skin striae — 1

David TE, David Chd, Manlhiot C, Colman J, Crean AM, Brau
JAm Coll Cardiol 2015 Sep 29:66(13):1445-53 doi: 1010 hyopia = 3 diopters - 1

Distinct effects of losartan and atenolol on vascul:

Bhatt AB, Buck JS, Zuflacht JP, Milian J, Kadivar S, Gauvrea = Mitral walve prolapse (all types) —1
Vasc Med 2015 Aug; 20{4y217-25. Epub 2015 Mar 20 doi: -

See all (1295) Maximum total 20 points; score 27 indicates systemic invalvement;

Diagnhosis USLS, upper segmentlower segment ratio.
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Warfan syndrome: current perspectives.

Pepe 5, Giusti B, Sticchi E, Abbate R, Gensini GF, Mistri 5.
Appl Clin Genet. 2016; 2:55-65. Epub 2016 May 9.

The effect of losartan on progressive aortic dilatation in patients
with Marfan's syndrome: a meta-analysis of prospective
randomized clinical trials.

Gao L, Chen L, Fan L, Gao D, Liang £, Wang R, Lu W

Int J Cardiol. 2016 Aug 15; 217:190-4. Epub 2016 May 4.

Recent Clinical Drug Trials Evidence in Marfan Syndrome and
Clinical Implications.

Singh MM, Lacro RY.
Can J Cardiol. 2016 Jan; 32(1):66-77. Epub 2015 MNav 10.

Long-term outcomes of aortic root operations for Marfan
syndrome: A& comparison of Bentall versus aortic valve-sparing
procedures.

Price J, Magruder JT, Young A, Grirmm JC, Patel ND, Algjo D, Dietz HC,
Yricella LA, Cameron DE.
J Thorac Cardiovasc Surg. 2016 Feb; 151(2):330-6. Epub 2015 Oct 27.

Correspondence regarding: Distinct effects of losartan and
atenolol on vascular stiffness in Marfan syndrome by Bhatt et al.

O'Rourke MF, Adji A, Weber T.
“asc Med. 2016 Feb; 21(13:70. Epub 2015 Dec 15,

See all (593)

This colurmn displays citations filtered to a specific clinical study
category and scope. These search filters were developed by Haynes
FB et al. See more filter information.
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Endovascular thrombectomy in the setting of aortic dissection.

Reznik ME, Espinosa-Moarales AD, Jumaa Ma, Zaidi 5, Ducruet AF, Jadhay
AR
J Meuraintery Surg. 2016 May 19; . Epub 2016 May 19

The effect of losartan on progressive acrtic dilatation in patients
with Marfan's syndrome: a meta-analysis of prospective
randomized clinical trials.

Gao L, Chen L, Fan L, Gao D, Liang Z, ¥Wang R, Lu W,

Int J Cardial. 2016 Aug 15; 217:190-4. Epub 2016 May 4.

Systematic reviewy of chronic pain in persons with Marfan
syndrome .

Yelvin G, Bathen T, Rand-Hendriksen 3, Geirdal A
Clin Genet. 2016 Jun; 82(5):647-55. Epub 2016 Jan 25

Fsychiatric and neuropsychological issues in Marfan syndrome:
A critical review of the literature.

Gritti A, Pisano 5, Catone G, luliano B, Salvati T, Gritti P.
Int J Psychiatry Med. 2015, 50(4):347-60. Epub 2015 Mov 2.

Historical Ferspectives on Sudden Deaths in Young Athletes
With Evolution over 35 Years.

taron BdJ.
Am J Cardiol. 2015 Mow 1; 116(3):1461-8. Epub 2015 Aug 14,

See all (58)

This column displays citations for systematic reviews, meta-analyses,
reviews of clinical trials, evidence-based medicine, consensus
development conferences, and guidelines. See filter information or
additional related souUrces.
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Zain-of-function mutations in SMAD4 cause a distinctive
repertoire of cardiovascular phenotypes in patients with Myhre
yndrome.

Lin AE, Michot &, Cormier-Daire %, LEcuyer TJ, Matherne GP, Barnes BH,
Humberson JB, Edmondson AC, Zackai E, O'Connor MJ, et al.

Am J Med Genet A 2016 Jun 14; . Epub 2016 Jun 14

Hereditary Influence in Thoracic Aortic Aneurysm and
Dissection.

Iszelbacher EM, Lino Cardenas CL, Lindsay ME.
Circulation. 2016 Jun 14; 133(24):2518-25.

Aortic Dissection in Patients With Genetically Mediated
Aneurysms: Incidence and Predictors inthe GenTAC Registry.
Wieinsaft WY, Devereux RE, Preiss LR, Feher A, Roman MJ, Basson CT,
Geevarghese A, Ravekes W, Dietz HC, Haolmes K, et al.

JAm Coll Cardiol. 2016 Jun 14; 67 (23):2744-54.

Clinical Pregenetic Screening for Stroke Monogenic Diseases:
Results From Lombardia GEMS Registry.

Bersano A, Markus HS, Quaglini S, Arbustini E, Lanfranconi S, Micieli G,
Bancoraglio GB, Taroni F, Gellera C, Baratta 3, et al.
Stroke. 2018 May 31, . Epub 2018 May 31.

Mext-generation sequencing for diagnaosis of thoracic aortic
aneurysms and dissections: diagnostic yield, novel mutations
and genotype phenotype correlations.

FPaninska Ji, Bilinska ZT, Franaszczyk M, Michalak E, Rydzanicz M,
Szpakowski E, Pollak A, Milanowska B, Truszkowska G, Chmielewski P,
et al.

J Trans! Med. 2016 Way 4; 14{11:115. Epub 2016 May 4.

See all (1856)




Case workup summary

- Patient does not meet revised Ghent criteria for Marfan
syndrome
...but he is young and could develop diagnostic features
later in life (too young for accurate clinical diagnosis)
» Leading diagnosis is Marfan syndrome

Could follow patient over time but he wants medical

release to play soccer. You are concerned about:
Possibility of EDS IV with risk of fatal vascular rupture
Missing the potentially severe vascular manifestations of LDS
Familial thoracic aortic aneurysm conditions

» You decide to find a gene panel test which includes
genes for all these conditions

m) U.S. National Library of Medicine

\x\
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From OMIM
A heritable disorder of fibrous connective tissue, Marfan syndrome shows striking pleiotropism and clinical variability. The cardinal features occur in 3
systems--skeletal, ocular, and cardiovascular (McKusick, 1972; Pyeritz and McKusick, 1979; Pyeritz, 1993). It shares overlapping features with
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List of tests for Marfan syndrome (panels included)
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Pneumothorax, primary spontaneous
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Scoliosis, idiopathic 1
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Marfan Syndrome/Loeys-Dietz
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and Dissections

Synonyms

FBN1-Related Thoracic Aortic Aneurysms and Aortic Dissections
MARFAN SYNDROME, TYPE |

Marfan syndrome type 1

Marfan syndrome, classic

Marfan's syndrome

Marfanoid hypermobility syndrome

Aortic aneurysm, familial thoracic 3

Loeys-Dietz syndrome type 1B

Loeys-Dietz syndrome type 2B

MARFAN SYNDROME, TYPE Il

Marfan syndrome, type 2 (formerly)
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GeneReviews
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Summary Excerpted from the GeneReview: Marfan Syndrome

Marfan syndrome is a systemic disorder of connective tissue with a high degree of clinical variability. Cardinal manifestations involve the ocular, skeletal, and
cardiovascular systems. FBMN1 pathogenic variants associate with a broad phenotypic continuum, ranging from isolated features of Marfan syndrome to neonatal
presentation of severe and rapidly progressive disease in multiple organ systems. Myopia is the most common ocular feature; displacement of the lens from the Loeys etal., 2010
center of the pupil, seen in approximately 60% of affected individuals, is a hallmark feature. People with Marfan syndrome are at increased risk for retinal detachment,

glaucoma, and early cataract formation. The skeletal system involvement is characterized by bone overgrowth and joint laxity. The extremities are disproportionately

long for the size of the trunk (dolichostenomelia). Overgrowth of the ribs can push the sternum in (pectus excavatum) or out (pectus carinatum). Scoliosis is common Clinical resources
and can be mild or severe and progressive. The major sources of morbidity and early mortality in the Marfan syndrome relate to the cardiovascular system. MedGen
Cardiovascular manifestations include dilatation of the aorta at the level of the sinuses of Valsalva, a predisposition for aortic tear and rupture, mitral valve prolapse

with or without regurgitation, tricuspid valve prolapse, and enlargement of the proximal pulmonary artery. With proper management, the life expectancy of someone OminM
with Marfan syndrome approximates that of the general population. Orphanet
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Check Associated genes and Related conditions for additional relevant tests. '
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Associated genes close

FBN1 see tests for this gene

Also known as: ACMICD, ECTOL1, FBN, GPHYSD2, MASS, MFLS, MFS1, OCTD, SGS, SSKS, WMS, WMS2, FBN1

Summary: fibrillin 1

Related conditions €@

Familial aortopathy

EE Congenital aneurysm of ascending aorta

ﬂﬂ Ehlers-Danlos syndrome, type 4
E Loeys-Dietz syndrome 1

(o] ¢ | Marfan syndrome

Clinical features @

Show all Hide all

¥ Abnormality of connective fissue

o Contracture
o Incisional hernia
o Loss of subcutaneous fat

»  Abnormality of head or neck
¥ Abnormality of imbs

o Arachnodactyly

o Flaffoot

o Genu recurvatum

o Hammertoe
o Medial rotation of the medial malleolus

o Pes cavus
o Profrusio acetabuli

¥ Abnormality of the abdomen

o Incisional hernia
~ Abnormality of the intequment
o Linear atrophy
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Recommendations — physical activity

Recommendations for physical activity and recreational
sports participation for young patients with genetic
cardiovascular diseases.

Practice
guidelines

ACMG, 2015

ESC, 2014

CCS, 2014

ACMG, 2013
ACMG, 2012
CSANZ, 2007
Orphanet, 2007
AHA, 2004

AAP, 1996
EuroGenetest, 2010




GTR Test: Overview

Marfan Syndrome and Related Aortopathies NextGen Sequencing (NGS) Panel

Reviews =
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Case scenario

e Used MedGen to research the condition
e Used GTR to find tests

» Received lab report:
FBN1:c.4786C>T

e Where to find information about this variant in
the fibrillin gene?

\:\:\
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ClinVar - http://www.ncbi.nIm.nih.gov/clinvar

::.' NCBI Resources ™ How To ¥ Sign in to NCBI
ClinVar Clinvar =l |
i Help

< Home About ¥ | Data use and maintenance > | Using the website ¥ | Howto submit ¥ | Statistics FTP site >

\CTGATGGTATGGGGCCAAGAGATATATCT  eclinVar
LAGGTACGGCTGTCATCACTTAGACCTCAC
LAGGGCTGGGCATAAAAGTCAGGGCAGAGC
CATGGTGCATCTGACTCCTCAGGAGAAGT
1CAGGTTGGTATCAAGGTTACAAGACAGGT
WGCACTGACTCTCTCTGCCTATTGGTCTAT

ClinVar aggregates information about sequence variation and its relationship to human health.

Using ClinVar Tools Related Sites
About ClinVar ACMG Recommendations for Reporting of Incidental Findings dbGaP

Data Dictionary Clinical Remapping semnice GeneReviews®
Downloads/FTP site RefSeqGene/LRG GIR®

FAQ Variation Reporter ICCG

Contact Us Submissions MedGen

RSS feed oMIME
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Submitter highlights
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Maore information about our submitters is available, as well as a list of submitters with the number of records each has submitted.

Disclaimer
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the basis of information contained on this website. NIH does not independently verify the submitted information. If you have questions about the information contained on this website, please see a health
care professional. More information about MCBI's disclaimer policy is available.




ClinVar Review Status

Gold stars Description and review statuses

No submitter provided an interpretation with assertion criteria (no assertion criteria provided), or no
interpretation was provided (no assertion provided)

One submitter provided an interpretation with assertion criteria (criteria provided, single submitter)
or multiple submitters provided assertion criteria but there are conflicting interpretations in which
case the independent values are enumerated for clinical significance (criteria provided, conflicting
interpretations)

Two or more submitters providing assertion criteria provided the same interpretation (criteria
provided, multiple submitters, no conflicts)

reviewed by expert panel

practice guideline

http://www.ncbi.nlm.nih.gov/clinvar/docs/assertion_criteria/
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Gene Tabular ~ 100 per page ~ Sort by Location = Download: =
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Clinical significance
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Benign (54)
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Variation type
Deletion (91) FBN1,IVS54DS. G-C, +1. 123-BP DEL Marfan syndrome Pathogenic no assertion criteria provided
) (Dec 1, 1995)

Duplication (28)
Indel (7)
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Gene Tabular ~ Sort by Location = Download: «
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Recommendations for this case study

Diagnostic criteria are met for Marfan syndrome in
this patient
Applied the revised Ghent nosology for diagnosing
Marfan syndrome
Found a pathogenic variation in FBN1

\:\:\
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Recommendations for this case study

What are the guidelines for sports participation?
Address the primary reason for referral.
Can he play soccer?

Institution: NATIONAL INST HEALTH LIBRARY Hli‘”!]_1 Guest!

HOME ABOUT THIS JOURNAL ALL ISSUES SUBJECTS ~ BROWSE FEATURES ¥ RESQURCES ~ AHA JOURNALS ~

AHA SCIENTIFIC STATEMENT

Recommendations for Physical Activity and Recreational Sports

Participation for Young Patients With Genetic Cardiovascular
Diseases

Barry J. Maron, Bernard R. Chaitman, Michael J. Ackerman, Antonio Bayés de Luna, Domenico Corrado, Jane E. Crosson, Barbara J.

Deal, David J. Driscoll, N.A. Mark Estes, Claudio Gil 5. Araujo, David H. Liang, Matthew J. Mitten, Rebert J. Myerburg, Antonio Pelliccia,
Paul D. Thompson, Jeffrey A. Towbin, Steven P. Van Camp and

http://www.ncbi.nlm.nih.gov/pubmed/15184297



Recommendations for the Acceptability of Recreational (Noncompetitive)
Sports Activities and Exercise in Patients With GCVDs

Intensity Level Hr.Z:I'n-"IJr LQTSJr Marfan ARNVC Brugada

Syndrome Syndrome
High
Basketball
Full court
Half court
Body I::nuilr:iing§
Ice hDCkE‘g‘g

Racquetball/squash
Rock +:Iim|::ir1|;;E

Running
(sprinting)

Skiing (downhill)®

Skiing (cross-

Tennis (singles)

Touch (flag)
football

Windsurfing
Moderate

Baseball / softball

Biking

Modest hiking

Mctnrcyclingﬁ

Jogging

Sailing“

count

Surfing"

Swimming [lap]l-l

NN R % R TS N TR I TU TN N N
D D W w = uA s P
B = R W R LT W R
[TV TE I ST VIR TN VIR R N
A T - T L BN S N - W, R %

Tennis (doubles)

FAssumes no or only
mild aortic dilatation

*Recreational sports are categorized
with regard to high, moderate, and
low levels of exercise and

graded on a relative scale
(from O to 5) for eligibility with

0 to 1 indicating generally not
advised or strongly discouraged;

4 to 5 indicating probably permitted;
and 2 to 3 indicating intermediate
and to be assessed clinically on an
individual basis.




Recommendations for this case study

Reviewing the recommendations for recreational sports
activities indicates that soccer is a high-intensity activity
with eligibility graded at 2 to 3 (intermediate)

Competitive play at this level of intensity should be
be assessed clinically on an individual basis

In practical terms, this means cardiovascular evaluation
for structural defects and arrhythmias, possible
permission to play soccer if normal, and monitoring over

time

\x\
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ACMG Recommendations for Reporting of

Incidental Findings

ACMG Recommendations for Reporting of Incidental Findings in Clinical Exome and Genome Sequencing
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GGCAC

Using Cli
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Help
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asserted to be pathogenic by at least one submitter to ClinVar. The content was generated from the MIM numbers reported in the table for the genes
(@YK and disorders, but the disease names were altered to correspond to what is used in MedGen for that MIM number. The link to ClinVar is provided only
(e@)-Ye[@) to support access; the results should not be interpreted as a statement that these alleles are universally accepted to be pathogenic.

Disease name and MIM number
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Variations that may

Marfan's syndrome (MIM 154700)
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Submitte
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release of ni

Disclaim¢
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the basis of

Arrhythmogenic right ventricular cardiomyopathy, type 5 (MIM 604400)
Arrhythmogenic right ventricular cardiomyopathy, type 8 (MIM 607450)
Arrhythmogenic right ventricular cardiomyopathy, type 9 (MIM 609040)
Arrhythmogenic right ventricular cardiomyopathy, type 10 (MIM 610193)
Arrhythmogenic right ventricular cardiomyopathy, type 11 (MIM 610476)
Breast-ovarian cancer, familial 1 (MIM 604370)

Breast-ovarian cancer, familial 2 (MIM 612555)

Brugada syndrome 1 (MIM 601144)

Catecholaminergic polymorphic ventricular tachycardia (MIM 604772)
Dilated cardiomyopathy 1A (MIM 115200)

Dilated cardiomyopathy 1A (MIM 115200)

care pFCIfBSSlulml. WIVIE NHUTTHAUuUI auuul NS UiSLiaiiiig] Pullhy 13 avanavic.

MedGen Gene via GTR e

MedGen APC (MIM 611731) ClinVar

MedGen MYH11 (MIM 160745) ClinVar
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NCBI's medical genetics educational resources

Webinars
http://www.ncbi.nlm.nih.gov/home/coursesandwebinars.shtml

Variation resources

Using NCBI Resources and Variant Interpretation Tools for the Clinical Community

Jun 15,2016 Wed Online webinar
:00-2:00 pm L ) o
. al variant interpretation tools geared to clinicians. You
ncluding Clin GTR, and MedGen

se to de:Jns te a phenotype-driven whole-genome

1d SimulConsult.

Through this webinar you will learn how to use thrr:r: cl I|r||:=
will see an overview of NCBI z

— followed by a demon
sequen

Apr 29, 2016 Fri, Online webinar
2:50-3:50 pm

on from dbSNP and dbVAR or-'|t:

sin GTR. You WI|| also gain ex| nc Iuqu PheGenl, a

r. These provide
a in genomic context.

NCBI



http://www.ncbi.nlm.nih.gov/home/coursesandwebinars.shtml

NCBI's medical genetics educational resources

Fact sheets

MedGen
ftp://ftp.ncbi.nlm.nih.gov/pub/factsheets/Factsheet MedGen.pdf

GTR
ftp://ftp.ncbi.nih.gov/pub/factsheets/Factsheet GTR.pdf

ClinVar
ftp://ftp.ncbi.nih.gov/pub/factsheets/Factsheet ClinVar.pdf
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Thank you for your attention.

Websites Contact: wendy.rubinstein@nih.gov

MedGen - http://www.ncbi.nlm.nih.gov/medgen/

GTR - http://www.ncbi.nlm.nih.gov/gtr/

ClinVar - http://www.ncbi.nlm.nih.gov/clinvar/

Follow us on Twitter!

@NCBI_Clinical

Genetic Testing Registry

GTR - —

ClinVar

Clinically relevant variation

MedGen

Conditions with a genetic compenent

CTGATGGTATGGGEGCCAAGAG!
AGGTACGGCTGTCATCACTTAG
AGGGCTGEGATAAAAGTCAGG
CATGGTGCATCTGACTCCTGAL
CAGGTTGGTATCAAGGTTACAA
GCACTGACTCTCTCTGCCGTATT
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