STUDY OBJECTICES 2006

Genomic Medicine in the 21st Century:
1) Discuss how the discovery and understanding of genetic principles has evolved into the medical specialty called medical genetics.

Medical Genetics:  Study of human biological variation as it relates to health and disease.

History:

· Gregory Mendel (1865)—published garden peas experiment

· Charles Darwin—Theory of Evolution

· Francis Galton (Darwin’s cousin)—Twin Studies

· Human Eugenics Movement (1910)—attempt to rid certain traits (see Q2 below)
· Sheldon Reed—Coined “genetic counseling”—helps families understand (they don’t care about eugenics)

· James Watson & Francis Crick (& Rosalind Franklin)—specified physical structure of DNA

· 1956—correct # of human chromosomes determined to be 46

· Verone Ingram (1957)—Sickle Cell Anemia caused by a.a. substitution (glu(val);  1st proof of molecular bases for mendelian trait
· Jerome Lejeune (1959)—Trisomy 21 caused Down’s

· Human Genome Project (1990)—draft 2/14/01.

· Many disease causing genes identified

· Preimplantation genetics diagnosis becomes reality

· Gene therapy trials begin

· Fetal therapy

· Genetic Screening
The clinical  & human application of our genetic knowledge indeed has changed over time as our understanding of genetic principles evolves.

2) Explain the history of misuse of human genetic information (eugenics).

Human Eugenics Movement (Cold Spring Harbor, 1910 established Eugenic Record Office) – 
· Encourage to reproduce “if” good traits and v.v.

· “Improvement” of specific traits possible/desireable

· Failed: inheritance complexity & trait elimination virtually impossible

3) Describe the purpose of the Human Genome Project (5% of HGP budget).

· Goal:  map and sequence all the human genes and those of model organisms

· Purpose:  to identify the cause and genetic component of human diseases, to provide diagnostic test and then, ultimately, to develop better treatments and cures.
4) Assess the complex issues facing families who are faced with a genetic diagnosis.
· Implications:  Ethical, Legal & Societal Issues (ELSI):

--How will genetic knowledge impact not only a patient’s 

   medical mgmt, but also their psychosocial welfare?

--Informed Consent:
· Institute of Medicine (1994) recommends that individuals be fully informed of the potential risks & benefits of genetic testing and that genetic counseling must precede genetic testing.

--Who will have access to this information and how will it be 

    used?

--Genetic discrimination by insurance companies and 

   employers is a very real concern.

· Americans with Disabilities Act (ADA) – 1995 includes predisposition to a genetic disease

· HIPPA – insurers may no t use genetic info to deny or limit health insurance coverage.
Meiosis and Mitosis:

1) Differentiate mitosis from meiosis.
	Cell division:
	Mitosis
	Meiosis

	Occurs during
	cell division of somatic cells
	gamete formation

	Diploid Cell generates…
	identical diploid cell
	4 haploid gametes

	Recombination?
	rarely
	frequent

	Interphase (I)
	chrsm extremely elongated; uncondensed
	

	     G0
	     most of cell life
	

	     S
	     chromosome duplication
	chromosome dupl..

	     G2
	     essential proteins and 

     cofactors produced
	

	Prophase (I)
	initiation of chsm’al condensation;  spindle migration (astral µT’s); intact nuclear envelope; centromere w/ attached kinetochores (sister chromatids)
	May span (oocyte) for 40+ yrs;  

Crossing over = genetic variability (2 crossovers per pair per meiosis typical)

X & Y do cross over:  SRY gene (sex-determining region on Y) lies close to pseudoautosomal (X&Y matching sequence region) boundary.

	Prometaphase (I)
	disruption of nuclear envelope & nucleolus disappears;  

µT’s form spindle apparatus:

· Kinetochore (“pull” kinetochore)

· Polar (“push” cell apart)

· Astral (maneuver centrosomes)
	analogous

	Metaphase (I)
	nuclear membrane disappears; chrsm maximally condensed; kinetochore µT’s align chrsm’s at equatorial plate;
	analogous

	Anaphase (I)
	Push-pull phenomenon:  sister chromatids (now chrsms) “pulled” to opposite poles by kinetochore µT’s as polar µT’s “push” poles apart
	Analogous—except homologous pairs (not chromatids) separate.

	Telophase (I)
	Chrsms to cell poles; spindle apparatus dissociate; polar µT’s further elongate; chrsms begin to decondense
	analogous

	Cytokinesis
	Cleavage (begins in anaphase); Midbody (bridge-like structure when cleavage encounters spindle remnants) breaks down = separation of independent daughter cells
	analogous

	Interphase (II)
	n/a
	same as meiosis I except sister chromatids, not homologous pairs

	Prophase (II)
	n/a
	            “ “ 

	Prometaphase (II)
	n/a
	            “ "

	Metaphase (II)
	n/a
	            “ “ 

	Anaphase (II)
	n/a
	            “ “

	Telophase (II)
	n/a
	            “ “ 


2) Describe how chromosomes replicate during mitosis and meiosis.

· Mitosis:  S phase of interphase for somatic cells
· Meiosis:  Once a diploid cell differentiates to the germ line, there is one duplication in S phase of  interphase (46x2=92) & two divisions (92/2=46; 46/2=23), forming a haploid gamete.
3) Describe how meiosis facilitates the three major features of Mendelian genetics:  segregation, independent assortment and genetic recombination.
· Segregation:  When gametes (sex cells) are produced, allele pairs separate or segregate leaving them with a single allele/gene/homologous chromosome (maternal or paternal, but not both) for each trait.
· Independent Assortment:  Chromosomes (and genes) are inherited “independently” from other chromosomes (e.g.  X & Y chromosome independent of chromosome 21)
· Genetic Recombination:  Crossing- over (typically 1-2 corss-overs per chromosome per meiosis).  The closer two genes are on a chromosome the less likely they are to cross-over.
4) Explain the medical consequences that result from errors in cell divison.
· Nondisjunction of Meiosis I:   Failure of two chromosomes to disjoin during anaphase I of the cell division resulting in trisomy where as one chromosome comes from one parent and two non-identical chromosomes come from the other parent.
· Nondisjunction of Meiosis II:  Failure of two chromosomes to disjoin during anaphase II of the cell division, resulting in trisomy, where as one chromosome comes from one parent and two identical chromosomes come from the other parent.

5) Identify the origins of errors in cell division.

· See Q4 above.  If a cell has 3 non-identical chromosomes (trisomy), the origin of error was during Anaphase I of Meiosis I.  If a cell has 2 identical and 1 different chromosome (trisomy), the origin of error was during Anaphase II of Meiosis II.

Chromosomal Nomenclature & Structure:

1) Recognize the basic chromosome structure, organization and anatomy.

· Structure:  a typical chromosome (at metaphase) consists of two daughter molecules of DNA produced during S-Phase of interphase of the cell cycle, separately folded and condensed along their protein axis to produce two “sister chromatids”.
· The # of chromosomes = # of centromeres
· The # of strands = # of chromatids

· Organization:  Chromosomes are best visualized at metaphase when they are most condensed; chromosomes are less condensed and therefore longer at prophase.

· Anatomy:  p = short arm (petite); q = long arm

· Metacentric:  centromere in middle.
· Submetacentric: centromere lies somewhere between metacentric and acrocentric.

· Acrocentric:  centromere near one end, leading to short p arms which end in structures called satellites.
2) Know the process of preparing a karyotype.

· Cells (peripheral blood cells) placed in tissue culture medium.

· Phytohemagluttinin (PHA) added to agglutinate RBC’s & stimulate lymphocytes to divide.

· Separate off RBC’s (no nucleus t/f non-dividing)

· Add culture medium to white cell suspension (all cells synchronize stages)

· Incubate 3 days at 37oC.

· Colchicine inhibits spindle formation blocking cell division at metaphase (most condensed);  condensation occurs but chromosomes do not organize along metaphase plate;  [even though it is more difficult, prometaphase is better b/c it is a little less condensed & longer and t/f can i.d. more bands/chromosome (b/c better able to be visualized].
· Separate off white cells.

· Cells are lysed in hypotonic saline.

· Cells dropped on slide (fixed), stained, & photographed under microscope.

· Result:  Each normal metaphase chromosome can be seen as 2 chromatids held together at the primary constriction site, the centromere; specific point of attachment is called the kinetochore.
3) Identify the purpose and characteristics of different banding patterns and technologies.

A band is that part of a chromosome which is clearly distinguishable from its adjacent segments by appearing darker or lighter by 1 or more banding techniques.  Note:  each band does not identify a unique gene, but rather a unique segment which contains hundreds of genes.
· G (Giemsa) banding:  most widely accepted and easiest method w/good resolution
· Dark Bands:  more highly condensed, contain more heterochromatin and are the location of less transcriptionally active genes such as those expressed at specific times during development (i.e. tissue-specific genes)
· Light Bands:  less condensed, contains more euchromatin (unique copy DNA), and are the location of more transcriptionally active genes involved in the day-to-day activities of cell (i.e., housekeeping genes)
· High Resolution Banding:  Uses compounds that interfere with condensation, leading to longer chromosomes (prophase or pro-metaphase). 
· Fluorescent in Situ Hybridization (FISH):  Fish Probes are specifically designed to detect a specific chromosome or a specific chromosome segment; such technology makes recognition of translocations, deletions, or other complex structural rearrangements between chromosomes much quicker and easier to identify than previous traditional cytogenetic techniques.
· Molecular probes that are precisely complementary (cDNA) to a specific sequence of target DNA.
· Rapid diagnosis (prenatal/newborn); translocation (rearrangement); marker chromosomes; microdeletions (velocardiofacial, cri-du-chat).
· Spectral Karyotyping:  the identification of each individual chromosomes by a unique color.
· Useful in identifying rearrangements of chromosome material, such as found in tumor tissue or in patients with rare chromosome rearrangements, such as translocations, deletions, insertions, etc.

· Array Based Comparative Genomic Hybridization:  Microarrays can be used to detect and map copy number changes in regions of the genome.
· Reference and test DNA are differentially labeled and hybridized to the array & the fluorescence ratio is calculated & from this copy number changes of the test relative to the reference can be calculated.
4) Recognize chromosomal inversions, translocations, deletions and duplications.

· Inversion:  Involves 2 breaks in 1 arm (paracentric) or one break in each arm (pericentric), with reversal of the orientation (inverstion) of the intervening portion b/w the breaks.
· Translocation:  If no essential chromosomal material is lost and no genes are damaged during the breakage and reunion, the individual is said to carry a balanced translocation and will be clinically normal.  H/w, a balanced translocation carrier is at increased risk to have offspring with an unbalanced amount of chromosomal material, which invariably will cause birth defects/mental retardation.

· Reciprical:  Exchange of chromosomal material between non-homologous chromosomes;  three possible outcomes:
· Normal gametes

· Balanced translocation gamete (like the parent)

· Unbalanced gametes containing an extra copy of one chromosome segment (partial trisomy) and a deletion fo the other chromosome segment (partial monosomy)

· Many unbalanced gametes are non-viable and would result in an early embryonic loss or spontaneous miscarriage.
· Robertsonian (or centric):  Exchange between two acrocentric chromosomes by fusion at the centromere with loss of the short arm and satellites.
· B/c the short arms of all five  pairs of acrocentric chromosomes have multiple copies of genes for rRNA, loss of the short arms of two acrocentric chromosomes is not deleterious.
· Deletion:  Loss of chromosomal material (terminal/at end or interstitial/within chromosome).
· Duplication:  Doubling of chromosomal material (terminal/at end or interstitial/within chromosome).
· Isochromosomes:  involve the complete absence of one chromosome arm, with the complete duplication of the other chromosome arm. (i.e. two q arms and no p arms or v.v.)
5) Discuss the underlying mechanisms of numerical and structural chromosome abnormalities.

· Numerical chromosome abnormailities:

· Triploid:  The number of chromosomes is triple the haploid number due to a complete extra set of chromosomes (69 chromosomes).
· Paternally:  double fertilization (66%) or fertilization w/ diploid sperm (24%)
· Maternally:  fertilization of a diploid egg (10%)
· Aneuploid:  Any chromosome number that is not an exact multiple of the haploid number; usually refers to an extra copy of a single chromosome (trisomy) or the absence of a single chromosome (monosomy)
· Meiosis I Nondisjunction:  the “gametes” will contain both parental chromosomes (maternal and paternal) that failed to separate (during Anaphase I) or one or neither.
· Meiosis II Nondisjunction:  the “gametes” will contain two copies of one parental chromosome (maternal or paternal) that failed to separate (during Anaphase II), or one or neither.
· Structural chromosome abnormailities:  Involves rearrangements in one or more chromosomes.
· One chromosome:  deletions, duplication, inversions, isochromosome formation, & ring chromosome formation.
· Two or more chromosomes:  insertions & translocations.
Chromosomal Syndromes:

1)  Recognize the main clinical features of specified numerical and structural chromosomal abnormalities (trisomy 13,18, & 21, triploidy, Cri du Chat, Velocardiofacial Syndrome) and sex chromosome abnormalities (Klinefelter, Turner & XYY Syndromes).

· Numerical Chromosome Abnormalities:

· Trisomy 13 (Patau Syndrome): (47, XX +13 or 47, XY +13)
· Abnormalities of midfacial and forebrain development
· Holoprosencephaly (incomplete forebrain, olfactory, & optic nerve center development)

· Intauterine growth retardation

· Congenital deafness

· Microcephaly

· Small eyes (micropthalmia)

· Colobomas

· Micrognatha with cleft lip and/or palate

· Abnormal low-set ears

· Polydactyly & fused digits

· Cardiac defects (especially septal wall)

· Common renal anomalies

· Polycystic kidney

· Hydronephrosis

· Horseshoe kidney

· Dupliction of the ureters

· Males:

· Undescended testes (cryptochordism)

· Displacement of urethral opening (hypospadius)

· Females

· Bicornuate uterus

· Anomalous insertions of the fallopian tubes.

· Inquinal or umbilical hernias common

· Omphalocele and/or Meckel’s diverticulum frequent
· Trisomy 18 (Edwards Syndrome): (47, XX +18 or 47, XY +18)
· Before birth:
· Polyhydramnios (excess amniotic fluid)

· Intrauterine growth retardation

· Decreased fetal activity and a single umbilical artery

· After birth:  ALL are severely mentally retarded
· Hypertonia (increased muscle tone)
· Microcephaly (small head size)

· Low-set malformed ears

· Micrognathia (small chin),

· Cleft lip and/or palate

· Clenched fist with the index finger and little finger overlapping the 3rd & 4th fingers
· Hypoplastic (small) nails of hands & feet

· Rocker-bottom feet (ultrasound:  feet stiff due to hypertonia, causing it to look like bottom of rocking chair)

· Hypoplastic sternum with missing 12th rib

· Inguinal hernia

· Meckel’s diverticulum

· Omphalocele

· Malrotation of he bowel

· Horseshoe Kidney

· Diphragmatic hernia

· Cardiac defects
· Trisomy 21 (Downs Syndrome):  (47, XX +21 or 47, XY +21)
· Hypotonia (poor muscle tone) – 80% 

· Tends to improve with age

· Slanted palpebral fissures – 80%

· Poor moro reflex – 85%

· Anomalous ear auricles – 60%

· Hyperflexibility of joints – 80%

· Dysplasia of pelvis – 70%

· Dysplasia of midphlanx of 5th finger – 60%

· Single palmar (Simian) crease – 45%

· Excess skin on back of neck – 80%

· Flat facial profile (depressed nasal bridge, small nose) – 90%

· Rate of development progresses slowly with age

· All Down’s individuals have some degree of mental retardation, usually in the mild to moderate range.

· Triploidy:  either 3n (double contribution from one parent) or 2n (paternally derived)
· Very growth retarded
· Very large placentas:

· Cystic (moles) hydatiform changes (mass of tissue resembling a bunch of grapes = hytadid cyst)
· Skeletal regions show greater growth retardation
· Simian creases

· Syndactyly of 3rd & 4th fingers common

· Congenital heart defects (atrial & ventricular septal defects)

· Males:  hypospadias, mocropenis and cryptochidism

· Full Triploidy – stillborn or die in early neonatal period

· Mixoploidy (mosaicism di- & triploidy) usually survive

· Phychomotor retardation and skeletal asymmetry
· Significant health problems
· Structural Chromosome Abnormailities:  
· Cri du Chat:
· Intrauterine growth retardation

· Microcephaly

· Cat-like-cry (hence the name) due to abnormal laryngeal development;  disappears with age, making diagnosis difficult

· Eyes:

· Hypertolerism

· Strabismus (cross-eyed)
· Epicanthal folds associated with downward slanting of palpebral fissures

· Low-set & malformed ears

· Facial asymmetry apparent

· Heart defects (wide range)

· “Squirmy” activity
· Velocardiofacial Syndrome:
· AKA DiGeorge Syndrome, 22q deletion syndrome, Catch-22

· Velopharyngeal incompetence (VPI):  

· Cleft palate ( speech & feeding problems
· Cardiac Defects:

· Outflow tract abnormalities
· Facial Appearance:

· Asymmetric crying faces
· Overfolded ears

· Small recessed jaw

· Bulbous nasal tip

· Long face

· Other:

· Learning problems
· Hypocalcemia

· Immunodeficiency [due to absence or small thymus gland (not producing normal T-cells)]
· Sex Chromosome Abnormalities:

· Klinefelter Syndrome:  47, XXY
· Single most common cause of hypogonadism & infertility
· Frontal baldness absent
· Poor beard growth
· Minimal chest hair growth
· Narrow shoulders
· Gynecomastia (breast development)
· Wide hips
· Female-type pubic hair pattern
· Small testicles
· Long arms & legs
· 15-20% IQ < 80; Avg. 10-15 IQ points below normal siblings; onset of speech is later & likely have articulation & language expression problems.
· 20-50% fine to moderate intention tremor
· Behavior problems common, especially immaturity, insecurity, shyness, and unrealistic boastful & assertive activity.
· Turner Syndrome:  45, X0
· Small stature & tendency toward obesity
· Gonadal dysgenesis
· Sexual infantilism
· Pterygium Colli (webbed neck)
· Transient congenital lymphedema w/ residual puffiness over the dorsum of hands & feet
· Abnormalities in lymphatic development result in cystic hygromas of the fetal neck, which slowly resolve through gestation but are reflected after birth by varying degrees of pterygium colli (webbed neck) – frequent board exam question
· Broad, shield chests with widely spaced nipples, abnormal prominent ears, narrow maxilla (palate) and small mandibles are seen
· Cubitus vulgus (abnormal outward bending of the elbow) & propensity to hip dislocation.
· Horseshoe kidney; double or cleft renal pelvis; abnormalities of ureteral implantation
· Mosaics have a lesser degree of malformation
· XYY Syndrome:  47, XYY
· Majority are phenotypically normal and are fertile.
· Great variation in phenotypic expression, which include:
· Accelerated growth (mid-childhood), dull mentality, explosive behavior
· Facial asymmetry w/ large teeth, long ears, and a prominent glabella
· Increased length vs. breadth in skeletal system (tall/thin stature)
· Relative muscle weakness with poor fine motor coordination of a purposeful movement, such as reaching to pick something up or bringing an outstretched finger into touch one’s nose
· Newborns may be longer at birth, but tall stature tendency not apparent until 5-6 yrs.  Although tall, not well coordinated or strong (in particular poor pectoral and shoulder girdle development)
· Males are fertile; transmission rare
2) Differentiate b/w the phenotypic expression of autosomal abnormalities and sex chromosome abnormailities.

· Autosomal Abnormalities:
· Numerical chromosomal abnormalities:  (see Q5 from ‘Chromosome Structure & Nomenclature’)
· Structural chromosomal abnormalities:  (see Q5 from ‘Chromosome Structure & Nomenclature’)

· Sex Chromosome Abnormailities: 
· X & Y abnormalities: (see Q1 above)
3) Delineate the etiology of aneuploid, polyploidy and structural chromosome abnormalities.

· Aneuploid:  Any chromosome number that is not an exact multiple of the haploid number; usually refers to an extra copy of a single chromosome (trisomy) or the absence of a single chromosome (monosomy)
· Meiosis I Nondisjunction:  the “gametes” will contain both parental chromosomes (maternal and paternal) that failed to separate (during Anaphase I) or one or neither.
· Meiosis II Nondisjunction:  the “gametes” will contain two copies of one parental chromosome (maternal or paternal) that failed to separate (during Anaphase II), or one or neither.
· Triploid:  The number of chromosomes is triple the haploid number due to a complete extra set of chromosomes (69 chromosomes).
· Paternally:  double fertilization (66%) or fertilization w/ diploid sperm (24%)
· Maternally:  fertilization of a diploid egg (10%)
· Structural chromosome abnormalities:  Involves rearrangements in one or more chromosomes.

· One chromosome:  deletions, duplication, inversions, isochromosome formation, & ring chromosome formation.
· Two or more chromosomes:  insertions & translocations.

Single Gene Inheritance:

1) Describe how genes are organized.

· Definition:  the chromosomal region that contains the information to encode a protein and also to direct its expression at the correct levels in the proper temporal and spatial manner.
· Chromosome:  essentially a single molecule of DNA, with a variety of proteins such as histones, bound to it that help to regulate gene activity as well as maintain the structural integrity of the chromosome.
· Genes are composed of DNA, a linear polymer of nucleotides or bases, whose order is the information content.
· Genes are not only composed of the coding information, but also of various regulatory elements, such as enhancers, promoters, splice signals, regions that affect mRNA stability and polyadenylation signals.
· Typical:
· Beginning: 5’ end
· Enhancers:  are regulator elements that govern the level and location of the gen’s expression.
· Promoters elements:  specify the site of transcription initiation.
· Cap site:  is where transcription by RNA Polymerase begins.
· Introns (non-coding):  begin with GT bases and end with AG bases.
· All proteins begin with a methionine (ATG—unique or AUG)
2) Delineate the process of gene expression through transcription and translation.
· Transcription:  the generation of an RNA copy (“transcript”) of a single gene’s worth of genetic information.

· Processing:  the transcript is processed by splicing and polyadenylation and then transported  out of the nucleus as a mature mRNA (“template”).

· Translation:  The template is used by ribosomes (p-site, a-site) and tRNA’s to synthesize protein.
3) List the common factors that influence the expression of genes.

· Anne said this was not covered in class don’t worry about this objective.
4) Describe the various types of mutations that can occur.

· Single base substitution: can cause premature termination of protein synthesis, change of amino acid, suppress termination of protein stranslation, alter level of gene expression, or alter patterns of mRNA splicing;  most common.
· Translocation:  bring desperate genes of chromosome segments together.
· Deletions: of a few nucleotides to long stretches of DNA
· Insertions & duplications: of a few nucleotides to long stretches of DNA.
5) Differentiate b/w allelic and locus heterogeneity.

· Allelic heterogeneity (intra-allelic heterogeneity):  different mutations affecting a gene, but resulting in distinct clinical syndromes; same genes/different syndromes (mutation).

· Locus heterogeneity (inter-allelic heterogeneity):  mutations at different genes, but similar or even identical clinical syndromes; different genes/same syndromes.
6) Identify the symbols used to construct a pedigree.

· See lecture notes on pg. 65.
X & Y Linked Inheritance:

1) Recognize the characteristics of X-linked dominant and X-linked recessive patterns of inheritance.

· X-linked recessive:

a. Incidence of trait is much higher in males.

b. The gene is transmitted to all daughters of an affected man but to none of his sons (no male-to-male transmission).  T/f, the disease appears to ‘skip generations’.

c. A carrier daughter will transmit the gene to half her sons.

d. All males in a kindred are related through one or more carrier females.

e. Heterozygous females are usually unaffected but many have variable signs, depending upon degree to which the normal X chromosome has been inactivated (“lionization”) in key tissues.

· X-linked dominant:

a. Affects either males or females, although, affected males may have much more severe disease, or may not survive fetal development.

b. Affected males with normal mates have no affected sons, but all daughters will be affected (no male-to-male transmission).

c. For affected females with normal mates, male and female children have a 50% chance of inheriting the phenotype, mimicking autosomal dominant transmission. 

2) List the main clinical features of hemophilia, Duchenne Muscular Dystrophy (DMD), Fragile X Mental Retardation (Frag X MR) and Rett Syndrome.

· HEMOPHILIA:   
· Excessive bleeding (even from ordinary trauma)
· Bleeding into joints results in hemarthroses (can become permanently disabling).
· Bleeding into muscles and internal organs (common/potentially life-threatening).
· DUCHENNE MUSCULAR DISTROPHY (DMD):
· Affects young boys (normal at birth and 1st few months of life).
· Develop proximal muscle weakness:
· Difficulty in rising from a sitting or prone position (Gower maneuver)
· Paradoxical enlargement of calf muscles due to destruction & inflammation (pseudohypertrophy)
· Progression:  weakness spreads to heart, causing severe debility and death , usually of respiratory failure or infection (adolescence to early adulthood).
· Becker muscular dystrophy (BMD) – milder clinical severity; weakness develops in later childhood and affected males can survive until mid adulthood.
· FRAGILE X MENTAL RETARDATION (FRAG X MR):
· Males:
· Moderate to sever MR; intelligence may decline with age.
· Large testes
· Large heads with long hollow faces
· Large ears
· Loose joints
· Mitral valve prolapse
· Females:  MR
· RETT SYNDROME:
· Affects only girls.
· Develop normally until 6 to 18 months
· Develop severe, progressive mental impairment often with autism
· Loss of purposeful use fo the hands
· Spastic paraparesis
· Ataxia
· “Acquired” (late appearing taher than congenital) microcephaly
· Peculiar involuntary hand wringing.
3) Discuss the medical management of individuals with hemophilia.

· Anne said this was not covered in class don’t worry about this objective.

4) Describe the nature of mutations characteristic of, or unique to, hemophilia, DMD, Frag X MR and Rette Syndrome.

· HEMOPHILIA:   X-Linked Recessive
· Hemophilia A – Over 800 variants of factor VIII gene mutation + other coagulation cascade component mutations, such as Hemophilia B (i.e. locus heterogeneity).
· DUCHENNE MUSCULAR DISTROPHY (DMD):  X-Linked Recessive
· Mutation of a gene, dystrophin, on the X chromosome.
· Largest known gene in existence, thought to be predisposing it to spontaneous mutations (70% deletions; 20% sm or pnt mutations; 5% duplications).
· Dystrophin protein appears to be a structural protein that lies in the myofibrillar membrane and appears to structurally link the membrane to contractile proteins.
· Mutations affecting proteins that interact with dystrophin also can cause muscular dystrophy (locus heterogeneity). 
· FRAGILE X MENTAL RETARDATION (FRAG X MR): X-Linked Dominant; anticipation & incompletely penetrant
· The mutation in the Frag X gene, FMR1, is a trinucleotide repeat expansion located in its 5’ untranslated region; its core trinucleotide is CGG rather than CAG.
· Normal:   6 – 54 (avg. = 29)
· Normal transmitting male:  52 – 200 (permutations)—Sherman Paradox
· Transmitted to female:  no alteration in size (always normal intelligence)
· Transmitted through female:  extreme expansion up to 4000 = MR
· Sons 40% MR; daughters 16% MR
· If expansion after fertilization, may result in mosaicism.
· Anticipation:  the earlier age of onset is successive generations due to more & more repeats with each successive generation.
· RETT SYNDROME:  X-Linked Dominant; usually male lethal
· Methyl-CpG binding protein 2 gene (MeCP2) mutation.
· MeCP2 protein (repressor) recognizes and binds to methylated CpG bases in DNA.
· Methylation & subsequent binding thereby prevents transcription of genes (restricted to these regions of the chromosome)
· A mutation in MeCP2 causes de-repression & t/f expression of these normally methylated genes & t/f normally not expressed.
· Mutations of MeCP2 are lethal to male fetuses, explaining the restriction of RTT to females.
5) Describe the range of phenotypic expression resulting from mutations in the androgen sensitivity gene.

· Intra-allelic Heterogeneity
· ANDROGEN INSENSITIVITY SYNDROME (AIS) OR TESTICULAR FEMINIZATION (TFM):  
· 46XY individuals develop externally as phenotypic females.
· Mutation inactivates (null mutation) the androgen receptor (Xq11 – 12).
· Clinical:
· Lack internal female genitalia (blind vaginal pouch)
· Failure to menstruate
· Pubic and axillary hair does not develop
· Breast tissue develop (b/c males also produce estrogen in normal men growth is inhibited by androgens)
· Nipple and areola are usually pale and immature in appearance.
· Internal testes s/b removed to prevent malignant degeneration (nondescended testicles are more likely to become seminomas – testicular tumors) 
· SPINAL & BULBAR MUSCULAR ATROPHY (SBMA):  
· Unusual type of mutation in androgen receptor gene (40 instead of 20 CAG repeats)
· Phenotypic males; Adult onset muscular weakness and gynecomastia (man boobs).
6) Correlate the different mutations with the pathophysiological consequences in Pelizaeus-Merzbacher disease.

· X-linked recessive inheritance
· Congenital or early onset nystagmus (oscillating eye mvmt)
· Severe spastic quadriparesis
· Cognitive impairment (troubled speech) & ataxia (coordination problems)
· Usually fatal during childhood or adolescence
· Constitutes less than
· Proteolipid Protein 1 (PLP1):
· Integral memberane protein that comprises about ½ of the protein in CNS myelin.
· Constitutes less than 1% of myelin protein in PNS
· Mutations mostly missense:  cause substitution of one a.a. for another.
· Cause misfolding of PLP1 & prevent proper processing (
· Results in cytotoxicity and apoptosis of oligodendrocytes (CNS myelin forming cells)(
· Gain-of-function mutation:  mutant proteins acquired novel (although severely abnormal) function.
· PLP1 is made, but the mutant protein kills the cells (apoptosis) that express it.
· Duplication mutation:  relatively mild neurologic syndrome
· Duplication of region of X chromosome that includes the PLP1 gene.
· Frameshift mutation:  resulted in premature truncation (null mutation) of the PLP1 protein after 3 codons
· Milder CNS syndrome
· Demylenation peripheral neuropathy
· Thus, absence of PLP1 is not as bad as mutant PLP1, but PLP1 is needed for normal peripheral nerve function.
7) Explain the purpose of X-inactivation.

· Known as Lyonization, where as, except for a few genes, all of the genes on a particular X chromosome are rendered inactive in XX individuals, resulting in the same level of activity, of the genes on the X chromosome, as men.
8) Discuss the process of X-inactivation and its role in the etiology of females affected with X-linked recessive conditions.

· Process:  Early in embryonic somatic (non germ cells) female cells, one of the two X chromosomes is randomly inactivated.

· X-Inactive specific transcript (XIST) is the only gene that can be expressed from an otherwise inactive X chromosome, and which somehow shuts off the rest of the chromosome.

· The XIST gene is expressed only by the inactive X.

· Women w/deletion in one X chromosome, the abnormal chromosome is normally inactivated.

· Women w/a translocation b/w one X and an autosome, the normal X is inactivated, otherwise the inactivation will also inactivate the autosome creating “functional monosomy” of that autosome.

· The specific X chromosome is then permanently inactivated in that cell and all the progeny of that cell.

· Therefore, a female is a mosaic, where on average, ½ her cells expressed are maternally derived & ½ her cells expressed are paternally derived.

· Therefore, a woman who has a mutation on an X chromosome, then, can in fact show signs of the mutation, but in only parts of her body.

· Barr body:  dense clump of chromatin it the periphery of a non-mitotic cell’s nucleus

· Rare situations where female is fully affected by X-Linked recessive disorders:
· Allele frequency for the disorder is high (e.g. 1% of black female are homozygous for G6PD deficiency)
· 45 X0, Turner Syndrome (hemizygous)
· Sex reversal syndromes (phenotypic female with Testicular Feminization
· Faulty X-inactivation: both alleles are inactivated.
Autosomal Recessive Inheritance:

1) Recognize the characteristics of autosomal recessive pattern of inheritance.

· Affected individuals in a family usually are seen only within a sibship, not in their parents, offspring or other relatives, i.e. horizontal rather than vertical clustering of the condition in the family pedigree.

· The risk to each sib of an affected individual of showing the phenotype is 25%.

· Consanguinity significantly increases the risk of manifesting a recessive phenotype.

· Males and females are equally likely to be affected.
2) List the main clinical features of cystic fibrosis, the hemoglobinopathies, metachromatic leukodystrophy, ataxia-telangiectasia (homozygous and heterozygous state) and Friedreich ataxia.

· CYSTIC FIBROSIS:

· Disfunction of mucous-producing glands (gut/bronchioles)

· Pancreatic exocrine disfxn

· Sweat gland disfxn (elevated Cl- in sweat = diagnostic)

· Malabsorption, intestinal obstruction

· Frequent pulmonary obstruction & infections
· Abnormal vas deferens (one severe / one mild CF gene) ( sterility.

· HEMOGLOBINOPATHIES (Thalassemias):

· α-Thalassemias:  2 α-globin chains x 2 chromosomes = 4 α-globin chains
· 1 inactive α-globins = asymptomatic

· 2 inactive α-globins = α-thalassemias traits (anemia)

· both α-globin chains on one chromosome are defective

· one α-globin chain on both chromosomes are defective

· 3 inactive α-globins = significant but not lethal anemia (detectable β4, or HbH)

· 4 inactive α-globins = lethal (k.a. Hemoglobin Bart’s); 

       dies in utero (hydrops fetalis = severe edema)

· β-Thalassemias:   1 β-globin chain x 2 chromosomes = 2 β-globin chains
· βo-Thalassemia = complete absence of β-globin

· β+-Thalassemia = reduced but detectible β-globin

· Heterozygous = Thalassemia minor ( usually asymptomatic

· Homozygous/Cmpd Heterosygous = Thalassemia major (Cooley’s anemia)

· Usually normal at birth b/c fetal Hb; switch to adult Hb (
· Severe Anemia

· Massive hepatosplenomegaly

· Marrow space enlargement w/ consequent bone thinning.

· METACHROMATIC LEUKODSTROPHY:

· Develop normally after birth

· Develop progressive spasticity

· Behavioral difficulties

· Weakness (parapresis/quadriparesis)

· Loss of cognitive functions (peripheral neuropathy)

· Seizures

· Die around age 5.

· ATAXIA-TELANGIECTASIA:
· Homozygous:
· Ataxia (clumsiness) begins during infancy associated with later mental decline.

· Oculocutaneous telangiectases (sm. blood vessel abnormalities)

· Immunodeficiency, resulting in severe infections and often premature death.
· Heterozygous:  Carriers; although asymptomatic, have an approximately 5 fold increased risk of breast cancer and other malignancies, and are extremely radiation sensitive.
· FRIEDREICH ATAXIA:

· Classic Clinical Findings:

· Progressive limb and gait ataxia before age 25.
· Absent tendon reflexes in the legs with Babinski signs, often with pes cavus (high arched, atrophied feet).  (CNS
· Axonal sensory peripheral neuropathy by electrophysiologic testing w/ primary axonal degeneration.  ( PNS.

· Common:  dysarthria, weakness, scoliosis, loss of proprioception and incordination of eye movement.

· Complications:  hypertrophic cardiomyopathy, cardiac arrhythmias and diabetes; mild deafness and optic atrophy can occur.
3) Describe the nature of mutations characteristic of, or unique to, cystic fibrosis, the hemoglobinopathies and Friedreich ataxia.

· CYSTIC FIBROSIS:

· The protein encoded by the defective gene is, not unexpectedly, a Cl- transporting membrane-associated pump.

· 70% of CF – mutation that deletes 3 nucleotides at a.a. 508 (Δ508).

· Over 1000 mutations make up the remaining 30%.

· Testing the 25 most common mutations yields ~ 80% detection in Caucasians & 50% in blacks.

· HEMOGLOBINOPATHIES:

· α-Thalassemias:  2 α-globin chains x 2 chromosomes = 4 α-globin chains

· 1 inactive α-globins = asymptomatic

· 2 inactive α-globins = α-thalassemias traits (anemia)

· both α-globin chains on one chromosome are defective

· one α-globin chain on both chromosomes are defective

· 3 inactive α-globins = significant but not lethal anemia (detectable β4, or HbH)

· 4 inactive α-globins = lethal (k.a. Hemoglobin Bart’s); 

       dies in utero (hydrops fetalis = severe edema)

· β-Thalassemias:   1 β-globin chain x 2 chromosomes = 2 β-globin chains

· βo-Thalassemia = complete absence of β-globin

· β+-Thalassemia = reduced but detectible β-globin

· Heterozygous = Thalassemia minor ( usually asymptomatic

· Homozygous/Cmpd Heterozygous = Thalassemia major (Cooley’s anemia)

· Usually normal at birth b/c fetal Hb; switch to adult Hb (
· Severe Anemia

· Massive hepatosplenomegaly

· Marrow space enlargement w/ consequent bone thinning

· FRIEDREICH ATAXIA:

· Frataxin (mt. protein) – gene responsible for FA ((impairment of energy utilization).

· Idebenone:  mt. membrane stabilizer – delays cardiomyopathy.

· Trinucleotide (GAA) expansion of the 1st intron of the gene (normally 7 – 20 repeats).
· Affected individuals:  200 – 1000 repeats.

· Very rough correlation b/w the # of repeats & severity of disease (incl. presence of complications)

· Only triplet repeat expansion disorder that has recessive inheritance.
4) Discuss the medical management of individuals with a hemoglobinapathy or metachromatic leukodystrophy.

· HEMOGLOBINOPATHY:

· α-Thalassemias:  Fetal transfusion of bone marrow cells could treat this condition if recognized early enough (except 4 inactive α-globins = lethal).

· β-Thalassemias:   

· Heterozygous = Thalassemia minor ( usually asymptomatic

· Homozygous/Cmpd Heterozygous = Thalassemia major (Cooley’s anemia):

· Transfusions, coupled with iron chelating therapy (to prevent iron deposition & hemochromatosis) prolong life.

· METACHROMATIC LEUKODYSTRPHY:

· Due to defect in the Arylsulfatase A gene (ARSA), which encodes a lysosomal enzyme that degrades a specific class of lipids, predominantly in the cerebral white matter.

· MLD is a previously untreatable genetic disorder that can be treated currently  (
· Microglia, major cell type in the brain for the normal breakdown of sulfatides, are derived, at least in part, from circulating macrophages; bone marrow transplant can replace enzymatically deficient microglia; halts & also reverses disease progression.
5) Explain the effect ethnicity and consanguinity has on the etiology and incidence of autosomal recessive conditions.

· Ethnicity:  Because of the low carrier frequency of most recessive disorders among the general population and since people as a rule do not mate with random members of the general population, it is especially important to recognize that certain genetic conditions occur with much greater frequency in certain ethnic or geographic populations.  Based on observed frequencies, incidence or 2pq:
· Ashkenazi Jewish – Tay Sachs (3% carriers)

· Cystic Fibrosis – Northern Europe descent (4.5% carriers)

· Sickle Cell anemia – African descent (8% carriers)

· Consanquinity:  The risk of a heterozygous offspring is higher if the parents are related.

· Although rare, mating between an affected homozygote and a heterozygote results in pseudodominant/quasi-dominant (i.e. 50% of their children will be affected.
6) Describe the purpose of screening programs to detect carriers of autosomal recessive conditions.

· Usually there is no defined health benefit to autosomal recessive individuals if determined to be a gene carrier.

· The purpose of carrier testing is to allow individuals to make informed decisions in regards to risk of a particular genetic disorder in his/her offspring.
Autosomal Dominant Inheritance:

1) Recognize the characteristics of autosomal dominant pattern of inheritance.

· The phenotype appears in every generation, and each affected individual has an affected parent, i.e. a vertical pattern of transmission.  Exception to this rule occur if there is a new mutation, or there is reduced penetrance of the phenotype.  Individuals can also be mislabeled, since mile signs can be overlooked.

· A child of an affected parent has a 50% chance of inheriting the trait.

· Phenotypically normal parents do not transmit the trait, unless ther is lack of penetrance, or the apparently ‘normal’ parent has unrecognized signs (reduced expressivity).

· Males and females are equally at risk.

· Male-to-male transmission occurs, and is effectively diagnostic of autosmal dominant transmission (the existence of true Y-linked disorders with male fertility is not proven).

2) Apply the concepts of new mutation, variable expression, later ages of onset and nonpenetrance when recognizing inheritance patterns.

· New Mutation:  this is especially common in achondraplasia, huntington’s disease and neurofibromatosis because all three mutations are located on a “large” gene & therefore more likely for a new mutation.  New mutations can cause autosomal dominant disorders to appear recessive on a pedigree.
· Variable Expression:  this occurs often in autosomal dominant disorders (e.g. Neurofibromatosis).  Often some affected individuals present differently and therefore go unrecognized as “affected” and therefore mislabeled on the pedigree.
· Later Age of Onset:  this is common in autosomal dominant disorders and can be confusing in the pedigree because an individual may not be affected YET!
· Nonpenetrance:  this is common in autosomal dominant disorders and can make the pedigree appear to “skip” generations.
3) List the main clinical features of acute intermittent porphyria, achondroplasia, Marfan Syndrome, Huntington disease, myotonic dystrophy, neurofibromatosis and Charcot-Marie-Tooth disease.

· ACUTE INTERMITTENT PORPHYRIA:
· Acute episodes of neurologic symptoms; the patient appears healthy, “intermittently”.
· Abdominal pain (sometimes severe enough to mimick ‘surgical abdomen’)

· Constipation (sometimes)

· Urinary retention (becomes dark red on standing in light due to high levels of uroporphyrins)

· Parethesias (‘pins and needles’-like feelings)

· Paralysis (can cause respiratory paralysis and death)

· CNS symptoms (seizures and psychosis)

· Usually occur after puberty (may be precipitated by barbiturates, antibiotics such as sulfa drugs alcohol, infection, starvation, and hormonal changes, including menstrual)

· Women more likely to be symptomatic (autosomal dominant with sex bias or preference)
· ACHONDROPLASIA:
· Most common form of short-limbed dwarfism.
· Limited elbow extension

· Genu Varum and trident hand

· Characteristic faces:

· Frontal bossing

· Mid-face hypoplasia

· Macrocephaly

· Lumbar loridosis exaggeration

· Spinal anatomy abnormalities at the craniocervical jxn sometimes resulting in severe neurological complications that can arise from cervical dislocation (e.g. during endotracheal intubation for surgery) at birth.

· Hydrocephalus

· Intelligence unaffected (unless sever hydrocephalus)

· Obesity prone

· Obstructive sleep apnea
· MARFAN SYNDROME:
· Tall stature

· Disproportionately long limbs & digits

· Anterior chest deformity

· Joint laxity

· Vertebral column deformity 

· curiously thoracic scoliosis or lateral curvature of the spine

· predominantly convex to the right (in 50 out of 52 in once study)

· Narrow, high arched palate

· Subluxation (dislocation) of the ocular lenses (ectopia lentis)

· Mitral valve prolapse

· Dilation of the aortic root (that predisposes to surgically treatable ascending aortic dissections and aneurysms) .
· Predisposition to spontaneous pneumothorax
· HUNTINGTON DISEASE:
· Degeneration of the caudate and putamen & widespread microscopic neuronal loss

· Chorea (involuntary movements of the extremities)

· Quick purposeless random movement of the hands and feet predominantly

· Athetosis (slow writhing movement of the hands)

· Saccadic eye movements (“pursuit” mvmt)

· Involuntary movements of the face & mouth

· Patients develop psychiatric & behavioral abnormalities, including depression & psychosis, before becoming profoundly demented and dying of inanition within 5 to 10 years after symptom onset (usually 4th or 5th decade).
· MYOTONIC DYSTROPHY:
· Myotonia (delayed relaxation after muscle contraction)

· Distal muscle atrphy

· Face and neck muscle weakness

· Cataracts

· Frontal balding

· Predisposition to diabetes and infections

· Mild infertility

· Children born to MD mothers:

· “Maternal anticipation”

· Much more severe form

· Congenital myotonic dystrophy 

· causes severe weakness

· 30% fatality due to respiratory insufficiency

· Mental retardation (not often)
· NEUROFIBROMATOSIS I (von Rechlinghausen’s disease):

· This disease is a member of the phakomatoses:  genetic disorders w/ multiple organ system involvement and prominent cutaneous manifestations.
· Criteria include 2+ of the following:

· 6+ café au lait macules (dardened patches):

· >   5 mm pre-pubertal

· > 15 mm post-pubertal

· 2+ neurofibromas (cutaneous moles) OR 1 plexiform neurofibromas (subcutaneous; more likely to become cancerous; can cause bone/tissue growth abnormalities) 

· Axillary/inguinal freckles

· 2+ Lisch nodules (Iris hamartomas)

· A distinctive osseous lesion such as sphenoid dysplasia or thinning of long bone cortex

· 1st degree relative with NF I

· 5% life time risk of developing neurofibrosarcoma

· Also at risk of acoustic neuroma, meningioma, astrocytomas, and possibly other malignancies.

· CHARCOT-MARIE-TOOTH DISEASE:

· Heterogeneity:  at least 3 molecularly distinct, but phenotypically similar disorders affecting peripheral nerve myelin.

· CMTIA (most common form) – autosomal dominant:

· Distal extremity sensory loss, especially of joint position and bibratory sense

· Distal weakness that begin in early to late childhood.

· Pes cavus (high arched “wasted” foot)

· Hammer toe deformities

· ‘Stork leg’ appearance

· Areflexia present

· Significantly slowed nerve condution

· Hypertrophic demyelination with hyperplasia of Schwann cells (peripheral nerve myelination cell)

· Lifespan & intelligence not significantly altered

· Potentially severely disabling
4) Describe the nature of mutations characteristic of, or unique to, acute intermittent porphyria, achondroplasia, Marfan Syndrome, Huntington disease, myotonic dystrophy, neurofibromatosis and Chrcot-Marie-Tooth disease.
· ACUTE INTERMITTENT PORPHYRIA:
· Exception to rule that hereditary metabolic disorders are recessive.

· Mutation affecting an enzyme (known as hydroxylmehylbilane synthase, porphobilinogen deaminase or uroporphyrinogen synthase) involved in heme metabolism

· During times of increased heme synthesis or after ingestion of drugs that affect heme synthesis, the capacity of the residual enzyme activity is exceeded and symptoms ensue.
· ACHONDROPLASIA:
· High spontaneous mutation rate due to extremely large gene size (easily confused with recessive disorder)
· Completely penetrant
· Mutation in fibroblast growth factor receptor-3 gene – important roles in the growth and differentiation of diverse cells, as well as fibroblasts, throughout development.

· Transition G to A (purine to purine) or transversion G to C (purine to pyrimidine) at exactly the same nucleotide position
· MARFAN SYNDROME:
· Mutations in the fibrillin-1 (FBN-1) gene (most missense, but some are frame shift)

· FBN-1 is a extracellular matrix protein that is the major constituent of extracellular microfibrils.  Thus, this is an example of a protein that “self-associates” to form a macromolecular complex, where the presence of some abnormal protein is sufficient to “gum up” the whole works.
· HUNTINGTON DISEASE:
· Only “true” dominant disease/disorder (have mutation will develop disease)

· Adult onset w/ anticipation (age of onset occurs younger & younger w/ successive generations)

· Highly penetrant, but with variable expressivity.

· CAG trinucleotide repeat expansion in the 5’ end of the coding domain within the gene dubbed “huntingtin”

· Normal:        ~  20 repeats

· Premutation:    30 – 38 repeats

· Affected:      > 38 repeats (some have over 80 repeats)

· More extreme repeats ( juvenile to early adulthood onset HD (correlate of anticipation)

· Speculations on normal function;  recent research suggests that the expanded huntingtin protein is proteolytically cleaved by a caspase enzyme yielding fragments with the extra glutamines (CAG) to form neurotoxic aggregates.
· MYOTONIC DYSTROPHY
· Most common autosomal muscular dystrophy

· Expanded trinucleotide, CTG repeat in the 3’ untranslated region of the myotonin gene
· Normal:  5 – 27

· Mildly affected:  50 – 80

· Severely affected:  100’s – 1000’s

· Dominant negative affect:  mutant gene appears to block expression not only of the mutant gene, but the remaining normal gene as well.
· NEUROFIBROMATOSIS:

· Autosomal dominant disease that is recessive at the cellular level (i.e. dominant predisposition; cellular recessive).
· Recessive cells:  heterozygous – neurobibromas/moles but no disease/tumors

· Dominant disease:  environment causes somatic mutation and a condition known as ‘loss of heterozyosity’ (large gene – highly mutable) and tumors develop.
· ~ 25% cases thought to be new mutations (large gene).
· CHARCOT-MARIE-TOOTH DISEASE:
· Locus Heterogeneity:  can be autosomal recessive, autosomal dominant or X-linked inheritance; at least 3 molecularly distinct, but phenotypically similar disorders affecting peripheral nerve mylenation.
· CMTIA (autosomal dominant) patients have a duplication of about 1.5 million bases that completely encompasses the human peripheral myelin protein-22 (PMP-22) gene.  T/f they have 3 functional copies of PMP-22; Schwann cells, the myelinating cells of peripheral nerves are encoded by PMP-22.
· Locus heterogeneity:  other forms of the disease include point mutations (autosomal recessive) in PMP-22 or mutations in a gap junction protein beta 1 (GJB1) or connexin-32 (CXN32) showing that there are gap jxn’s in peripheral myelin (X-linked dominant).
· Hereditary Neuropathy with Predisposition to Pressure Palsies (HNPP):  A deletion in the PMP-22 gene that causes predisposition to cpmpressive neuropathies such as peroneal palsies at the knee and carpal tunnel syndrome.

· Gene dosage (Goldie-Locks Theory) is important:

	1 PMP-22 copy:
	HNPP

	2 PMP-22 copies:
	Normal


	3 PMP-22 copies:
	CMTIA

	4 PMP-22 copies                       (child of two CMTIA individuals):
	Very severe demylination peripheral neuropathy


5) Discuss the medical management of individuals with achondroplasia or Marfan Syndrome.

· ACHONDROPLASIA:  
· Cesearian section if achondroplasia recognized prenatally
· Monitor closely for neurologic signs in newborn period, including MRI, polysomnography, evoked potentials, follow head circumference

· Follow the neurologic and orthopedic complications throughout life

· General medical care to minimize obesity
· MARFAN SYNDROME:
· Complicatiosn must be anticipated & prevented.
· β-blockers
· Periodic cardiologic evaluations
· Great vessel repair/replacement when indicated

· Cardiac valvular replacement when incated.

· Rehabilitation medicine & orthopedic evaluations to minimize scoliosis
Population Genetics and Risk Assessment:

1) Apply the laws of probability when providing a risk assessment.

· Mutually Exclusive:  two or more events cannot occur in a single event

· Independent:  two or more events are said to be independent if the probability of occurrence of any one of them is not influenced by the occurrence of the other.

· Addition Rule:  The probability that one OR the other of any number of mutually exclusive events will occur is the SUM of their separate probabilities.

· Multiplication Rule:  The probability of two or more independent events occurring together is the PRODUCT of their separate probabilities.
2) Calculate gene (allele) and genotype frequencies using the Hardy-Weinberg Law.

· H-W law used when the dominant homozygotes are indistinguishable from the heterozygotes.

· Let p = probability of A; Let q = probability a;  p + q = 1

· Probability of (A + a) OR probability of (a + A) = pq + qp = 2pq = heterzygote frequency
· Probability of (A + A) = q2;  probability of (a + a) = p2 

· Finally, p + q = 1 and (p + q)2 = 12;    p2 + 2pq + q2 = 1
	
	A (p)
	a (q)

	A (p)
	AA (p2)
	Aa (pq)

	a (q)
	Aa (pq)
	aa (q2)


· Note:  if the incidence of an autosomal recessive disorder, q2, is 1/2500 then q = 1/50  and if p+q =1 then,  p=1–1/50;  p ~ 1 .          Heterzygote frequency:  2pq = (2) (1) (1/50) = 1/25
3) Describe how the Hardy-Weinberg equilibrium can be disturbed by migration, mutation, selection, nonrandom mating and small population size.

· Can really only be reliable when populations are in equilibrium.  The following upset equilibrium:

· Migration:  Gene flow is the movement of genes into or out of the gene pool resulting in gradual changes in the gene frequency.
· Mutation:  adds genes to the gene pool and is a source of variability.
· Selection:  removes genes from the gene pool by decreasing gene frequency.
· Nonrandom mating:  departures from random mating:
· Assortive Mating:  mate based on similar characteristics (e.g. deaf, short stature)

· Consanquinity or Inbreeding:  leads to a decrease of heterozygosity and a corresponding increase in homozygosity (i.e. a greater likelihood of an autosomal recessive disorder).

· Small population size:  Small subgroups of populations isolated from general population.  
· Genetic Drift:  Gene frequency of a gene may not be representative of the parent population, t/f causing a random fluctuation in its frequency.

· Founder Effect:  If one of the original members of the new small population happens to carry a rare gene, this gene may become established in this population with a relatively high frequency.
4) Apply Bayesian analysis to better refine a risk calculation in situations of later ages of onset, X-linked recessive inheritance and nonpenetrance.

	
	Has Mutation
	Does Not Have Mutation

	Prior Probability (mendelian risk calc.)
	.5
	.5

	Conditional Probability (chance of new info. given gene carrier or not)
	.41
	1

	Joint Probability (combine above probs.)
	(.5)(.41) = .21
	(.5)(1) = .5

	Posterior Probability (normalize both columns with common denominator)
	.21/(.21+.5) = 29.6%
	.5/(.21+.5) = 70.4%


Multifactorial Inheritance
1) Explain the threshold liability model.

· The multifactorial threshold model assumes there is a susceptibility to a particular trait or disorder.  This susceptibility is normally distributed (bell-shaped), however it is NOT-quantifiable (like height, weight, BP, IQ)

· At one end (far right) of the distribution, there are a number of people that exceed the threshold of liability or susceptibility.  These individuals will have the trait or disorder.

· In other words, once the “susceptibility” cards are stacked enough against an individual, they will eventually get the trait/disorder.

· Gender bias:

· One gender may have a higher occurrence than the other.  The susceptibility distribution is the same, but the threshold is lower for the gender where the occurrence is more common (i.e. that gender can not handle the genetic load or as many cards stacked against them, otherwise they will get the trait/disease)

· Population bias:

· One population (e.g. Ashkenazi Jewish) may have a higher occurrence for a disease than other populations.  These individuals are able to handle the same genetic load (cards stacked against them) as other populations, however, the number of people on average (i.e. the normal distribution) have a higher genetic load or more stacked against them (shifted to the right) to a point that more of the distribution (therefore, more people) exceed the threshold and therefore have the trait/disease.
2) Apply the threshold liability model to the underlying etiology of common congenital malformations and adult onset diseases.

· Be able to explain gender & population bias in relation to real life examples such as Spina Bifida which affects slightly more females than males or Cystic Fibrosis which affects Northern European and Ashkenazi Jewish more than other populations.
3) Describe how twin studies help to determine the genetic contribution to multifactorial conditions and traits.  
· Monozygotic twins differ only due to environmental factors (assumption that genetics is identical).

· Dizygotic twins differ by both environmental and genetic factors.

· By comparing monozygotic and dizygotic twins, one can discern the genetic component as the difference between the two.
4) Describe the basis for empiric risk estimates, their limitations and influencing factors.

· Empiric risk estimates is the statistic that represents the actual average risk that is specific to the population that was tested – no better predictor than real-life data
· Limitations:

· Skewed populations tested (e.g. town near radiation plant)

· Small populations (e.g. 25 people tested)

· Heterogeneity (locus)—many disorders require consideration of other non-multifactorial, etiologies.

5) Apply the concept of heterogeneity in determining underlying etiologies.
· Some diseases have “heterogeneous etiology” (i.e. many causes such as multifactorial, teratogenic, chromosomal, etc.)

· NTD’s are a heterogeneous group of disorders.  

· The majority are thought to arise from a combination of genetic and environmental (.i.e. multifactorially determined).  

· Differential diagnosis:  Some NTDs are associated with various malformation syndromes (chromosomal etiology) such as trisomy 13, 18 and Meckel-Gruber syndrome, an autosomal recessive disorder  (single-gene etiology) characterized by encephalocele, polydactyly and polysistic kidneys.  The anticonvulsant, valproic acid (teratogenic etiology), is known to be associated with an increased risk for NTDs.   Folate in the diet DOES NOT help reduce the risk of NTDs in these etiologies.
· When chromosomal, single gene and purely environmental etiologies are ruled out, the recurrence risk for first-degree relatives is approximately 3 – 5%.  If two siblings are affected the recurrence risk is 10%.  Slightly more females than males are affected.  Folate in the diet DOES help reduce the risk of NTDs in multifactorial etiology.
Mitochondrial Inheritance:

1) Describe the function of mitochondria and their role in energy production.
· The major function of mitochondria is to make ATP.   They do so by utilizing e-’s from intermediary metabolism (from H+ brought in primarily by NAD) and removing energy incrementally in a controlled manner as the e-’s move down the ETC.

· The energy released is utilized by complexes I (NADH dehydrogenase), III (ubiquinol: cytochrome c oxidoreductase), and IV (cytochrome c oxidase) to pump protons through the mt. inner memberane.  This creates a gradient of both charge and pH.  In effect the mt. becomes charged and thus acts as a capacitor, storing potential energy.   This potential energy (mainly charge gradient) drives ATP synthase (complex V), which couples the reaction:   ADP + Pi ( ATP with the inflow of protons.
2) Describe the properties of mitochondrial DNA including maternal inheritance, threshold, heteroplasmy and segregation during cell division.

· Maternal Inheritance:  

· All offspring carry a trait present on the mother’s mtDNA.

· None carry it if present on the father’s mtDNA 

· All cell organelles come from oocyte (sperm only carries DNA).
· Heteroplasmy:   
· Ploidy:

· 2 – 6 mtDNA molecules per mitochondrion

· 100’s – 1000’s mitochondria per cell

· Ploidy in the 1000’s

· Existence of  both wild-type and mutant mtDNA molecules in the same cell (like mosaicism).

· Both “ploidy” and “heteroplasmy” make recurrence risk calc difficult.

· Threshold:

· The genotypic blending of wild-type and mutant mtDNA molecules (heteroplasmy) does not lead to equivalent phenotypic blending.  In fact, the relation between phenotype an genotype is not well understood.  In fact, the relation b/w phenotype and genotype is not well understood.  A significant decrease in energy production appears not to occur until the proportion of mutant molecules rises enough that some mitochondria contain few or no wild-type molecules.  Thus, there is a threshold effect in the expression of deleterious mtDNA mutations.  Studies on the phenotypic effect are needed for a discernible phenotype.  This threshold effect buffers the potentially nearly continuous variation in phenotype that is theoretically possible from the continuous distribution in fraction of mutant genomes.

· Segregation (during cell division):  
· Different tissues can harbor different proportions of mutant and wild-type molecules.  This depends in part on the developmental time and place of the original mutation, as this will affect to which daughter cells the mutation partitions during division.  Thus, phenotype severity will depend on the wild-type:normal fraction, on how aerobic a given tissue is and whether or not the mutation occurred early (potential severe affect) or at terminal differentiation (little affect).
3) List the general clinical features and different etiologies of mitochondrial diseases.

· Clinical features:    There is no one identifying feature of mitochondrial disease.  Patients can have combinations of problems whose onset may occur from before birth to late adult life  Think mitochondria when: 

· A “common disease” has atypical features that set it apart from the pack.

· Three or more organ systems are involved.

· Recurrent setbacks or flare ups in a chronic disease occur with infections.

· Mitochondiral diseases, or cytopathies, should be considered in the differential diagnosis when there are these unexplained features, especially when these occur in combination:

· Encephalopathy
· Seizures 

· Developmental Delay or Regression (including early and late-onset dementia) 

· Myoclonus 

· Movement Disorders (dystonia, dyskinesias, chorea, etc.) 

· Complicated Migraine 

· Stroke     

· Neuropathy 

· Cardiac Conduction Defects or Cardiomyopathy 

· Hearing Deficits 

· Short Stature 

· Disorders of Extraoccular Muscles 

· ptosis 

· acquired strabismus 

· ophthalmoplegia 

· Diabetes 

· Renal Tubular Disease 

· Visual Loss 

· retinitis pigmentosa
· optic atrophy

· Lactic Acidosis (may be mild)

	Organ System
	Possible Problems

	Brain
	Developmental delays, mental retardation, dementia, seizures, neuro-psychiatric disturbances, atypical cerebral palsy, migraines, strokes

	Nerves
	Weakness (which may be intermittent), neuropathic pain, absent reflexes, gastrointestinal problem (gastroesophogeal reflux, delayed gastric emptying, constipation, pseudo-obstruction), fainting, absent or excessive sweating resulting in temperature regulation problems

	Muscles
	Weakness, hypotonia, cramping, muscle pain

	Kidneys
	Proximal renal tubular wasting resulting in loss of protein, magnesium, phosphorous, calcium and other electrolytes

	Hear
	Cardiac conduction defects (heart blocks), cardiomyopathy

	Liver 
	Hypoglycemia (low blood sugar), liver failure

	Eyes
	Visual loss and blindness

	Ears
	Hearing loss and deafness

	Pancreas
	Diabetes and exocrine pancreatic failure (inability to make digestive enzymes)

	Systemic
	Failure to gain weight, short stature, fatigue, respiratory problems including intermittent air hunger


· Etiologies:
· Energy deficiency is a significant cause of pathology; how energy defects manifest themselves as pathology depends on a variety of factors:

· Nature of the mutation (nuclear or mtDNA)

· Nature of the tissue involved
· How aerobic?

· Can cells divide?

· ATP demand?

· Age of the individual

· His or her genetic makeup
4) Describe the role of mitochondria in the etiology of complex diseases.

· The importance of energy is such that a mitochondrial component is suspected or demonstrated for a number of chronic diseases that involve highly oxidative tissues.  Some of the well-known chronic diseases of adulthood and old age provide examples of mitochondrial components to genetically complex and primarily non-mitochondrial diseases.  In diabetes, in addition to the fact that about 2% of adult onset type II diabetes results from mtDNA mutations, many insulin resistant adults harbor mtDNA polymorphism in the non-coding D-loop region.  Associations have also been seen for Alzheimer’s disease, hypertrophic cardiomyopathy, Parkinson’s disease, and most recently, cancer.  In the latter case, studies have shown that homoplasmic mtDNA mutation are frequently found in several different tumor types, including colorectal, lung, bladder and head and neck.
NonMendalian Inheritance & Epigenetics:

1) Explain the concepts of genetic imprinting and of uniparental disomy.
· Genetic Imprinting:

· The differential expression (“marker”) of genetic material depending on whether it was inherited from the male or female parent.  Imprinting is caused by an incompletely understood change in chromatin that affects the expression of a gene but not its DNA sequence.

· Uniparental Disomy:

· The inheritance of both chromosomes of one homologous pair from a single parent; the offspring’s total number of chromosomes is normal (no genetic mutation or imbalance).  UPD most likely arises when a trisomy attempts to “rescue” the cell and transforms to disomy – 1/3 of the time uniparental disomy will be produced.  UPD can result in imprinting effects as well as a greater risk of an autosomal recessive disorder.
· Heterodisomy: 2 chromosomes are the nonidentical homologous chromosomes

· Isodisomy:  2 homologous chromosomes are genetically identical.
2) Describe the possible mechanisms of uniparental disomy.

· Trisomy Rescue:

· Heterodisomy:  Trisomy as a result of non-disjunction meiosis I (not identical) + fertilization occurring;  Rescue results in heterodisomy UPD 1/3 of the time and successful rescue 2/3’s of the time.
· Isodisomy:  Trisomy as a result of non-disjunction meiosis II (identical) + fertilization occurring;  Rescue results in isodisomy UPD 1/3 of the time and successful rescue 2/3’s of the time.
· Robertsonian Translocation:  In this instance, there is also trisomy “rescue”.   The possible outcomes are:
· Trisomy Rescue:

· Biparental Disomy (normal – with balanced translocation)

· Uniparental disomy (with balanced translocation)

· Monosomy Rescue:

· Uniparental Isodisomy (via isochromosome formation)
3) Recognize the common clinical examples (triploidy, Prader-Willi and Angelman syndromes, and autosomal recessive conditions) in which genetic imprinting and uniparental disomy play a role in the expression of the phenotype.

· TRIPLOIDY:  (69,XXX, 69,XXY, or 69,XYY)
· Fetuses carry twice the normal chromosome contribution from one parent.

· 66% double fertilization; 24% diploid sperm; 10% diploid egg

· 2 paternal, 1 maternal:

· large cystic placenta with partial molar changes

· if present, fetus has relatively large head, sever intrauterine growth retardation and syndactyly.

· 2 maternal, 1 paternal:

· small underdeveloped placenta

· if present, fetus markedly underdeveloped, secondary to placental failure

· Paternal genetic information must, therefore, play critical role in placental development & maintenance (variable phenotype due to imprinting)
· PRADER-WILLI SYNDROME:  2 possible causes resulting in missing paternal imprint
· Maternal Uniparental Disomy

· Deletion of paternal chromosome

· ANGELMAN SYNDROME:  2 possible causes resulting in missing maternal imprint
· Paternal Uniparental Disomy

· Deletion of maternal chromosome

· AUTOSOMAL RECESSIVE:

· If a parent is a carrier of a recessive disorder and a germline cell undergoes a nondisjuction event & then fertilization that results in trisomy rescue, there is a 1/3 chance that the gamete will be uniparetnal disomy.  If the nondisjunction event was the mutant allele, then the offspring will be uniparental homozygous disomy and will be affected by the autosomal recessive disorder.  This has been reported for several cases of CF as well as osteogenesis imperfecta, spinal muscular atrophy, congenital chloride diarrhea and Bloom syndrome.
4) Discuss the concept of mosaicism (both somatic and gonadal) and its implications in phenotypic expression and recurrence risk.

· Mosaicism:

· Results from post zygotic mitotic nondisjunction event, giving rise to populations of cells with different chromosomal complement.  The event can occur in somatic cells (somatic mosaicism) or in the germline cells (gonadal mosaisism).

· Phenotypic expression:  

· The phenotypic characteristics depend on the proportion of normal and abnormal cells and in what tissues the abnormal cell lines predominate.

· Recurrence risk:

· Gonadal mosaicism is relatively common and needs to always be mentioned as a possible etiology when providing recurrence risk information to families who have a family member affected with a genetic condition which appears to have arisen because of a “new” mutation or “sporadic” occurrence.  Typically, the parent is asymptomatic (unless somatic mosaicism as well) and the presence of a genetic condition in the offspring is considered to be “sporadic”
Inborn Errors of Metabolism 1 – Basic Principles:

1) Describe the basic principles of genetic control of metabolic pathways.

· If there is a defect/mutation in the genes that encode for either the enzyme(s) or cofactor(s) of a pathway, disease may occur; most IEM are recessive (few exceptions).
· The pathophysiological consequences of enzyme disorders can be attributed to:

· Accumulation of the substrate

· Deficiency of the product

· Substrate accumulation and product deficiency

· Accumulation of alternate products

2) Apply these principles using common examples in protein (PKU, urea cycle disorders and organic acidemias), carbohydrate (galactosemia) and lipid metabolism (medium chain acyl Co-A dehydrogenase deficiency) to explain the rationale for diagnosis and treatment of certain inborn errors of metabolism.

· Protein metabolism:

· Phenylketonuria (PKU):

· Classic example of principles
· Accumulation of substrates:  deficiency of this enzyme leads to an increase in the blood level of phenylalanine (phe).  B/c phe cannot be degraded by PKU patients, it accumulates in the body fluids, damaging the developing CNS and interfering w/the fxn of the mature brain.
· Deficiency of products:  normally phe is converted to tyrosine.  However, there is a deficiency in the enzyme phenylalanine hydroxylase, resulting in a deficiency of tyrosine
· Accumulation of alternate products:  Excess phenylalanine is converted to phenylpyruvic acid, a toxic compound.
· Urea Cycle Disorders:

· See chart in Q2 of “IEM2 – Diagnosis & Treatment” (below).
· Organic Acidemias):  usually enzymatic defect is sufficiently removed from the actual a.a. that builds up – adherence to the principles is more difficult to see.  
· Maple Syrup Urine Disease:  defect or deficiency in detoacid dehydrogenase enzyme, which breaks down branched-chain a.a.’s, results in elevated branched chain a.a.’s (accumulation of substrates).

· Carbohydrate metabolism:  

· Galactosemia: 
· Classic galactosemia is due to mutations in the gene coding for Gal-1-Phosphate Uridyltransferase which converts Gal-1-P to Glu-1-P

· Elevated levels of galactose in urine & blood (accumulation of substrate)

· Lactose = glucose + galactose

· Lipid metabolism:

· Medium Chain Acyl Co-A Dehydrogenase deficiency (MCADD):

· Most common f.a. oxid. Disorder (FAOD)
· Hypoketotic hypoglycemia (fast = drop in blood sugar; ketone body production occurs at the end of f.a. oxid. but with MCADD, f.a. oxid. is not possible);  this is a deficiency in product (ketone bodies)
3) Using common examples, apply the concepts related to the degradation of cellular components within organelles to explain the rationale for diagnosis and treatment of certain inborn errors of metabolism.

· Lysosomal storage diseases

· Lysosomes are cytoplasmic organelles which contain acidic degrdative enzymes.
· Inability to degrade macromolecules leads to accumulation of substrate in lysosome, leading to cellular disfxn and eventually cell death; gradual accumulation  results in the characteristic “unrelenting progression” of these diseases

· Increases in the masses of affected tissues/organs; brain shows a picture of neurodegeneration;  normal patients at birth usually show a plateau and regression as material accumulates.

· Examples:

· Tay Sachs Disease:

· Deficiency in enzyme, hexosaminidase A

· Accumulation of substate:  a spingolipid called GM2 ganglioside

· Brain predominant site of GM2 ganglioside synthesis—therfore gradual neurological deterioration:  regression, weakness, increased sensitivity to noise, seizures, blindness & spasticity.

· Mucopolysaccaridosis:

· Mucopolysaccharides are polysaccharide chains synthesized by connective tissue

· Degredation is a step-wise process requiring multiple enzymes.

· Defects in any of the enzymes results in accumulation of the substrate required for their degredation.
· Therefore, mucopolysaccharidoses are a heterogeneous group of storage diseases.

· All are autosomal recessive except Hunter syndrome (X-linked recessive)
4) Outline the consequences of inborn errors of metabolism within the urea cycle.

· See Q3 of “IEM2 – Diagnosis & Treatment” (below)
5) Apply what is known about the role of cofactors in enzymatic reactions to the rationale for diagnosis and treatment of certain inborn errors of metabolism.

· Defects in co-enzymes:

· Class of diseases due to defects in cofactors, such as vitamins

· Diagnosis of an inborn error due to a specific cofactor, such as a vitamin, is essential, b/c these disorders may be “vitamin-responsive” (megadose treatable)
· Methylmalonic Acidemia (MMA):
· Deficiency in Methymalonyl CoA mutase which converts methylmalanyl CoA (intermediate in branched chain a.a. metabolism) to succinyl CoA 
· Mutation in genes encoding enzyme or cofactor, adenosylcobalamin (Vit B12)
· Accumulation of substrates—diagnostic: elevation of methymalonic acid seen on urine organic acids (confirmed by enzyme assay).
· Treatment:  large amounts of vitamin B12 (if vitamin-responsive); restriction of protein to amounts that just permit growth and development (non-responsive form)
· Biotinidase deficiency:
· Due to defect in the recycling of the vitamin Biotin, a cofactor required for ALL carboxylase enzymes;  deficiencies in each individual carboxylase enzyme reaction have been reported, leading to specific carboxylase disorders.

· Biotinidase functions to cleave biotin from biocytin in order to recycle biotin

· Symptoms/diagnosis:  metabolic acidosis

· Treatment:  supplemental amounts of dietary biotin (cofactor) on a daily basis;  treatment of the specific enzyme disorders is difficult.
Inborn Errors of Metabolism 2 – Diagnosis and Treatment:

1) Apply the general approaches leading to the diagnosis and treatment of patients with inborn errors of metabolism.

· Once IEM is suspected as a possibility, there are 5 parts to the evaluation of the patient:

· History

· Physical examiniation

· Initial screening tests

· Definitive diagnosis
2) Describe the characteristics of and justification for newborn screening programs that detect inborn errors of metabolism.

· Early recognition and prompt treatment remain critical.
· Early signs and symptoms are often very non-specific.

· Neonatal response to overwhelming illness is limited:  poor feeding lethargy, FTT.

· Episodes of metabolic decompensation can lead to irreversible neurologic impairment.
3) Recognize the clinical features suggestive of a urea cycle disorder and apply what is known about the sequence of reactions within the urea cycle to the rationale for treatments within this group of disorder.

	EnzymeDisruption
	Inheritance
	Effect

	1) Carbamyl Pohosphate Synth.
	Auto Rec.
	Elevated plasma alanine & glutamine; citrulline & arganine low; orotic acid (o.a.) normal

	2) Ornithine Trans-carbamylase (OTC)
	X-Linked
	Elevated plasma alanine & glutamine;  Citrulline & arginine low; o.a. very high

	3) Argininosuccinate Synthatase (AS)
	Auto Rec.
	Elevated plasma alanine & glutamine;  citrullenemia (citrulline v. high); arginine low; o.a. high

	4) Argininosuccinate Lyase (AL)
	Auto Rec.
	Elevated plasma alanine & glutamine; arginine low; argininosuccinate acid high

	5) Arginase
	Auto Rec.
	Elevated plasma alanine & glutamine; arginine very high


DO NOT MEMORIZE – know concepts:  if enzyme deficient, substrates go up & products go down.

             NOTE:  more proximal disorder ( more severe!
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· Clinical features:
· Initial findings (suggestive of metabolic disorder or infection):

· Poor feeding

· Vomiting

· Lethargy

· Convulsion

· Coma

· Advanced screening tests:

· High plasma ammonia

· Normal pH and CO2
· Treatment:
· Acute:

· Supportive care immediately:  halt catabolism (IV glucose), BP med’s, assisted breathing

· Stop dietary source of protein while investigating cause

·  Search for & treat infections

· Immediate toxin removals (hemodialysis for hyperammonemia)

· Diagnose & specific therapy (special diets, drugs, vitamins, etc.)

· Add’l thereapies:  allow outlet by alternate pathways: include vitamin supplementation, carnitine, specific substrates.

· Chronic

· Limit the accumulating substate

· Vitamin supplementation if vitamin-responsive (increase residual enz. activity)

· Avoidance of fasting & immediate intervention during times of stress/catabolism with the use of emergency protocols.

· Other specific therapies as required for that specific disorder, such as alternative pathways for ammonium excretion.

· Benzoate:  binds glycine ( hippurate (excreted)
· Phenylacetate:  binds glutamate ( phenylacetyglutamine (excreted)
4) Recognize the basic principles of pharmacogenetic variations, their general clinical manifestations and appropriate treatments.

· Pharmacogenetics is generally regarded as the study of genetic variation that gives rise to differing response to drugs, while pharmacogenomics is the broader application of genomic technologies to new drug discovery and further characterization of older drugs.  (Definitions from Wikopedia.org) 
· Example:  Malignant Hyperthermia:
· Autosomal dominant trait

· Clinical manifestations:
· Soon after induction of anesthesia such as halothane (or muscle relaxants, such as succinylcholine), the muscles go into massive spasm (due to a mutation in RYR1 gene, encoding a calcium ion release channel resulting in an elevation of the level of ionized calcium in the muscle sarcoplasm) and the body temp rises to a high level

· Appropriate treatments:

· Use of alternative anesthetics (hence importance of appropriate family history)

· Dantrolene, which interferes with Ca++ release, is effective in preventing or reducing the severity of the response should an unsuspected attack occur.

Clinical Cancer Genetics:
1) Describe compare and contrast how somatic versus inherited mutations lead to the development of cancer.

· Using retinoblastoma as an example.
· Sporadic (somatic): 

· A person has two normal copies of the RB1 gene.  Both of the copies of he genes have to be lost/turned off through somatic mutation to start the process of tumorigenesis.

· Knudson’s 2 hit hypothesis:

· 2 somatic events to start tumorigenesis—2 hits (somatic)

· Mutations only present in the tumor tissue

· Hereditary (inherited):

· A person has an inherited germline mutation in the RB1 tumor suppressor gene.  If the copy of the gene is lost through somatic mutation, this starts the process of a tumor developing.

· Knudson’s 2 hit hypothesis:

· The inherited germline mutation is present in all the cells of the body, including the gametes (so it can be transmitted to future offspring), and the lymphocytes (so through genetic testing o f a blood sample, it is possible to identify the germline mutation)—1 hit (inherited).

· 1 somatic event to start tumorigenesis—1 hit (somatic).
2) Define the different etiologies of cancer in families:  sporadic, familial, and hereditary.

	Sporadic
	Familial
	Hereditary (single gene)

	Single occurrence of a specific cancer in the family
	Two close relativew with a specific type of cancer
	Two or more relatives in the same lineage with the same or related cancers

	Typical age of onset
	Typical age of onset
	Early age of onset

	Single primary tumor
	Single primary tumor
	Multifocal or bilateral tumors

	Relatives generally not at increased risk
	Other close relatives at moderately increased risk
	Usually autosomal dominant in inheritance
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3) Describe the clinical features in the personal and family medical history that aid in identifying families at increased risk of cancer.

· Earlier age of onset:  fewer events required for cell to be transformed from the normal to malignant phenotype.

· Increased incidence of individuals with two or more primary tumors/bilaterality in paired organs (all the cells in the body carry the germline mutation, including oocytes/sperm).

· Cancer in multiple individuals and generations of the family.

· Reduced penetrance—requires additional somatic mutations for a person with a germline mutation to develop cancer (recessive but passed on in a dominant fassion b/c only one mutation needed to develop disease; most cancers not inherited, but predisposition is inherited).
4) Define the main clinical and genetic characteristics of these hereditary cancer syndromes:  BRCA1, BRCA2, Li-Faumeni, Cowden, FAP, HNPCC.

· BRCA1 & BRCA2:
· Two most common genes implicated in hereditary breast cancer & breast ovarian cancer.

· Follow autosomal dominant inheritance
· Mutation in these genes are associated w/increased risk of breast, ovarian, 2nd breast cancer, breast cancer in males, colon cancer, prostate cancer & other cancers (pancreatic, laryngeal, stomach, gallbladder, bile duct, hematopoietic system, melanomas)

· Significant risk of beast cancer before age 40.
· LI-FAUMENI:
· p53 gene mutation

· Rare

· Autosomal dominant inheritance

· Increased risk of osteosarcomas, soft tissue sarcomas, breast cancer, brain tumors, leukemia, and adrenocorticol tumors with early age of onset
· COWDEN:
· Mutation analysis:  PTEN gene (prounounced ten)
· Benign tumors:  mucocutaneous lesions, thyroid problems, benign breast conditions, intestinal polyps, uterine fibroids, lipomas, and hemangiomas.

· Malignancies:  Thyroid, breast, and endometrial cancer; skin cancers, renal cancers, and brain tumors seen occasionally.  

· Average age of breast cancer diagnosis is 38 – 46.

· Look for thyroid, breast & endometrial cancer and look at age of onset as hints to differential diagnosis (BRCA1/2 vs. Cowden syndrome)
· FAMILIAL ADENOMATOUS POLYPOSIS (FAP):
· Adenomatous polyposis coli (APC) gene, tumor suppressor gene, function often lost.

· 100’s – 1000’s of colonic polyps
· Near 100% risk of colon cancer w/o colectomy

· Mean age of diagnosis = 16; avg age of cancer dx = 39
· HEREDITARY NONPOLYPOSIS COLORECTAL CANCER (HNPCC):
· Autsomal dominant

· DNA mismatch repair genes
· Increased risk of (proximal) colon cancer with early age of onset and predominance of right-sided tumors, endometrial cancer, ovarian cancer, stomach cancer and to a lesser extent cancers of the urinary tract, biliary tract, brain and small intestine

· Look for colon, ovarian & endometrial cancer and look at age of onset as hints to differential diagnosis (BRCA1/2 vs. HNPCC).

· Polyps still may be present, just not 100’s – 1000’s of them like FAP

· Average age of dx is in the 40’s for colon, endometrial and ovarian cancers.
5) Describe the medical management approach to individuals with, and at risk for, hereditary cancer syndromes and contrast it to population screening guidelines.
· BRCA1 and BRCA2 mutation carriers:
	Breast Cancer Risk
	Ovarian Cancer Risk
	Other Cancer Risk

	· Monthly breast self-exam, starting at 18

· Clinical breast exam semi-annually, starting at 25 – 35

· Annual mammography and MRI (new), starting at 25

· Discuss prophylactic mastectomy

· Consider chemo-prevention options
	· Recommend risk reducing salpingo-oophorectomy ideally b/w 35 – 40
· For those who do not elect surgery, concurrent transvaginal ultrasound and serum CA-125 every 6 mos at age 35 or 5-10 yrs prior to earliest age of onset

· Consider chemo-prevention options
	· Breast self-exam monthly
· Semi-annual clinical breast exam

· Consider baseline mammography

· Adhere to population screening guidelines for prostate cancer


· Population guidelines:   ?????
Molecular Genetic Diagnosis (Part 1):

1) Describe the common molecular diagnostic techniques (Southern blotting, polymerase chain reaction (PCR), DNA sequencing, allele specific oligonucleotide probe).
· Southern Blotting:  gel electrophoresis using a specific probe.
· Obtain DNA & treat with restriction enzyme

· Restriction Fragment Length Polymorphism (RFLP) – 2 alleles of the same gene differ based on the presence of variable restriction sites (“fingerprint”), resulting in differing restriction patterns in the 2 gene segments.

· Denature (ss DNA & transfer to membrane (nitrocellulose or nylon filter)

· Add probe to identify fragment of interest.  The number of “blots” is indicative of the number of restriction sites.  The smaller the recognition sequence the larger the number of fragments produced (i.e. that particular sequence will be encountered more often b/c not as many nucleotides have to be “recognized”).
· Polymerase Chain Reaction (PCR):  powerful technique for selective and rapid amplification of target DNA flanked by two nucleotide primers.
· Heat separation of DNA strands – hybridize with primers.

· DNA amplified w/ Taq polymerase & dNTP’s

· DNA sequencing:  most precise way to characterize a segment of DNA to attempt to identify a mutation within a family.
· DNA fragments are separated so lengths vary by one nucleotide.
· Fragments run in exact nucleotide lanes (G, A, T, & C); based on distance traveled due to variable fragment lengths, nucleotide order (sequence) is determined (i.e. farthest traveled is shortest fragment & t/f first in the sequence).

· Sanger & Maxam-Gilbert methods allow for automation (quick).

· Allele Specific Oligonucleotide Probe Analysis:  allows for detection of both the normal & abnormal disease causing DNA sequences within a gene.
· 2 oligonucleotide probes & therefore two lanes:

· specific for the normal DNA sequence

· specific for the mutation in the gene

· Probes base-pair only with cDNA to the probe

· 3 possible results:  only informational for particular mutant tested.

· Dark line only in lane w/ normal probe ( homozygous normal (+/+)
· Dark line only in lane w/ mutant probe ( homozygous mutant (-/-)
· Light line in both lanes ( heterozygous carrier (+/-)
2) Interpret the results of common molecular diagnostic techniques.

· See italicized answers to Q1 above.
3) Apply the concept of genetic linkage analysis to make a prediction of genes status.

· Linkage:  The co-segregation of two or more loci or genetic makers on the same chromosome

· Closer two markers are on chromosome, higher likelihood of coinheritance; smaller distance between them makes the likelihood of crossing over (in between them) a less likely event.

· Conversely, the further apart two makers are, the more likely a recombination event will occur between them.

· Computed odds ratios, known as LOD score, assesses the “odds for linkage” & is expressed as the log10 of the recombination fraction, θ (recombination events per total events).
· A LOD score > 3 is evidence for linkage; odds are 1000:1 in favor of linkage (103 = 1000).

· A LOD score < 2 is evidence for non-linkage; odds are 100:1 in favor of linkage (102 = 100).

· In other words, the greater the “LOD score”, the more likely that 2 regions are linked together.
Molecular Genetic Diagnosis (Part 2):

1) Discuss how the common molecular diagnostic techniques (Southern blotting, PCR, DNA sequencing, allele specific oligonucleotide probe) are used in genetic testing.

· See Q1 from “Molecular Genetic Diagnosis (Part 1)” above.
2) Discuss the benefits, limitations and risks of genetic tests.

· Benefits:

· Diagnostic Testing:  diagnose patient w/ a specific genetic disorder & proper treatment.

· Carrier Testing:  Allows individuals to informed decisions regarding tisk of a particular genetic disorder in his/her offspring

· Presymptomatic Testing:  

· “Carrier”:

· Increased medical surveillance

· Treatment if available

· Prenatal testing or other reproductive choices

· “Non-Carrier”:

· Not at risk to develop that disease

· Do not need extensive medical screening

· Allows for normal family planning

· Limitations:

· Not all genes are known that cause particular condition (i.e. breast cancer)

· Testing may not be 100% diagnostic

· Risks:

· Misinterpretation of test results

· Sample mix-ups

· Wrong diagnosis, so wrong genetic test is performed or testing the wrong person or mistaken paternity.

· Ethical Issues
3) Discuss the ethical concerns associated with genetic testing and their association with the informed consent process.

· Discrimination:  Employers/Insurance companies
· Confidentiality:  Who should have access to your test results?

· Psychosoical Issues:

· What if no effective treatment is available?

· How will test results affect individual?  What about other family members?
Prenatal Diagnosis:
1) Identify the reasons for referral to a prenatal diagnostic program.

· Abnormal Maternal Serum Analyte Screening (MSAS)

· Fetal anomaly by routine Ultrasound

· Advanced Maternal Age

· Previously affected child/pregnancy

· History of multiple miscarriages

· Known parental carrier (chromosomal translocations, inversions/ autosomal recessive, maternal Frag X permutation)

· History of genetic condition in family

· Teratogen exposure

· Preconception counseling (all of the above reasons but prior to becoming pregnant).
2) Know the prenatal diagnostic procedures (CVS, amniocentesis, ultrasound & cordocentesis), their indications, timing, risks and limitations.

· Chorionic Villus Sampling (CVS):

· Procedure:  Performed transcervically or transabdominally

· Timing:  10 – 13 completed weeks

· Risk:  ~ ½ %  to ~ 1%

· Limitations:  Does not test for ONTD (open neural tube defect)

· Amniocentesis:

· Early:

· Procedure:  Transabdominal

· Timing:  < 14 weeks

· Risk:  ~ ½ % 

· Limitations:  NOT RECOMMENDED

· Other:
· Procedure:  Transabdominal; Test for ONTD – acetylcholinestrease testing detects ONTDs up to 98%
· Timing:  > 14 weeks

· Risk:  ~ ½ % 

· Limitations:  

· Ultrasound:

· Procedure:  Abdominally

· Timing:  1st, 2nd, 3rd Trimesters
· Risk:  0 % 

· Limitations:  Indicative, but not definitive.

· Cordocentesis:

· a.k.a. Percutaneous Umbilical Blood Sampling (PUBS) or funipuncture

· Procedure:  Ultrasound guided fetal blood sampling directly from the umbilical vein

· Timing:  typically after 18 weeks

· Risk:  1 - 2 % 

· Limitations:  Messing with infants blood supply; if fetus sick, procedure may make worse.
3) Understand the existence of, and justification for, prenatal screening programs.

· The original objective of population screening of newborns was to identify infants with genetic diseases for which early treatment could prevent, or at least ameliorate, the consequences.

· Purpose:

· Screen low risk populations

· Determine risk assessment

· Offer counseling and options in the current pregnancy

· Interpret test results and counsel regarding diagnosis/prognosis

· Offer support and follow-up, including appropriate referrals to other sub-specialists

· Counsel regarding recurrence risk and testing availability in future pregnancies.

· Recognize individual patient backgrounds with regards to prenatal diagnosis including different beliefs, cultures, religions, etc.
Approach to Clinical Genetics:
1) Apply the features in a patient’s history, physical examination and laboratory investigations to identify or suspect  the  presence of a genetic disease.

· Study the 3 cases in the lecture notes that were discussed during lecture (p. 230 – 233)
2) Describe the indications and appropriate methods for referral of individuals with a genetic condition or birth defect to medical genetics specialists.

· Any single birth defect such as cleft lip or congenital heart defect
· Multiple birth defects and/or abnormal morphological features

· Suspected or known chromosomal abnormalities

· Known/unknown syndromes

· Developmental delay/mental retardation

· Degenerative neurological conditions

· Suspected genetic (either proportionate or disproportionate) short stature

· Tall Stature

· Skin pigmentary abnormality

· Fetal alcohol syndrome or other teratologic syndromes

· Inborn errors of metabolism

· Failure to thrive without a known cause

· Unexplained liver or spleen enlargement

· Lysosomal storage disorders

· Just about any suspected or known inherited condition
3) Explain why the referral of individuals with a genetic condition or birth defect to a medical genetics specialist is beneficial to patients.

· A team comprised of Physicians, Genetic Counselors, Genetic laboratory directors and other specialists work with the primary care physician to provide diagnosis, counseling, treatment, and follow up.

· The counseling allows the patient to make informed decisions:  The primary physician and the family are informed about the diagnosis.  The results of the tests are explained.  Specific treatment and possible long term complications are discussed.   Guidance is given for early detection of complications and appropriate management thereof.  The etiology of the condition is explained. If inherited, the mode of inheritance is explained.  Risk for recurrence in patient’s siblings and offspring, screening for unaffected relatives, prenatal diagnosis, treatment and reproductive options to reduce the risk are explained.  Variability of the disease in different individuals is discussed.  (The above communication must take place without personal bias and with respect to people of different cultural, socio-economic and educational backgrounds.)  Finally, the above information is summarized in a written form for the family and the primary physician.  Informational booklets, lists of support organizations are provided.  Arrangements for follow up for on-going management and counseling are made.  Follow up is important both for diagnosed and undiagnosed problems.
Genetic Family History:
1) Elicit a family medical history by asking targeted questions to help establish a diagnosis, identify at risk family members and perform a risk assessment.

· Targeted questions:  Not only does the physician need to ask if anyone in the family has ever been diagnosed with the particular disease/disorder in question, but he/she needs to ask if anyone has ever had known signs/symptoms of the disease/disorder.  This helps to identify people who may have been affected by the disease unbeknownst to the patient and/or the patient’s relative.  The following is an example for Marfan Syndrome:

· Has anyone in your family been taller than expected based on the average height in your family?

· Has anyone in our family ever died suddenly?

· Has anyone in our family had severe myopia and/or lens dislocation?

· Has anyone in our family ever had “pectus” or scoliosis?

· Has anyone in our family ever had high arched foot or curvature of the back?

· Has anyone in our family ever had heart problems at a young age?

· Has anyone in our family ever been diagnosed with Marfan Syndrome?

· At Risk Family Members:

· Based on etiology of the disease & mode of transmission (autosomal recessive, autosomal dominant, X-linked recessive, multifactorial, mitochondrial).  For example, knowing that an affected male with X-linked recessive will pass the gene to all of his daughters (carriers)  and none to his sons (normal), where as a carrier female will pass it to her daughters (carriers) 50% of the time and to her sons (affected) 50% of the time.  Also, the only way a female will be affected is if a carrier female passes the mutant allele (50% chance) and the male is affected (100% chance of passing to his daughters).  This affected female is homozygous for the recessive trait.  This thought process can be used to determine who is/isn’t at risk and what % risk.  This same thought process can be used in the other modes of transmission.  STUDY the risk assessment chapter and the chapters on the individual modes of transmission.

· Risk Assessment:  STUDY the risk assessment chapter and the chapters on the individual modes of transmission.
2) Elicit a family medical history by asking targeted questions for the purpose of categorizing cancer in a family as either sporadic, familial or hereditary in order to make medical management decisions (using breast cancer as an example).

· Cancer can be “sporadic” (patient is not at increased risk of developing cancer), “familial” (patient has a modestly increased risk of developing a specific type of cancer) or “hereditary” (patient has a significantly increased risk of developing specific cancers).

· Categories:
· “sporadic”:  no apparent vertical transmission, no early age of onset, one maybe two distant people in the family tree affected.  Also, no other related cancers (e.g. thyroid cancer occurs a lot in families with breast cancer).
· “hereditary”:  more than one person in family affected, in a vertical pattern & with early ages of onset.  Also, other cancers (other than the specific suspected one) that may be related to the disease (e.g. thyroid cancer occurs a lot in families with breast cancer).
· “familial”:  somewhere between sporadic and hereditary.

· Target Questions:

· All relatives:

· Age

· Personal history of benign or malignant tumors?

· Major illnesses?

· Hospitalizations?

· Surgeries (including prophylactic ones)?
Biopsy History?

· Reproductive history (especially important for women at increased risk of breast, ovarian, or endometrial cancer)?

· Relatives who have had cancer:

· Organ in which tumor developed?

· Age at time of diagnosis?

· Number of tumors (especially important for women at increased risk of breast, ovarian, or endometrial cancer)?

· Pathology, stage, and grade of malignant tumor?

· Pathology of benign tumors

· Treatment regimen (surgery, chemotherapy, radiation)?  -- important because some relatives may say that they had cancer, but it was a benign tumor & the treatment will differentiate the two.

· Primary or recurrence?
3) Use the family medical history as a tool to determine the approach to genetic testing in the consultand and other at-risk family members.

· Vocabulary:

· Proband:  First affected or possibly affected (fetus) family member coming to medical attention.
· Consultand:  Individuals (apparently unaffected) seeking genetic counseling/testing.

· Approach:  When should molecular testing for predisposition to cancer be offered? –when ALL 5 of the following ARE MET:
· When patient has a significant personal an/or family history of cancer (as previously described-suggestive of hereditary or less often familial cancer).
· When the test can be adequately interpreted.

· When the results will affect medical management.

· When the clinician can provide or make available adequate genetic education and counseling.

· When the patient can provide informed consent.
4) Use the family medical history as a tool to stratify the risk for common adult onset conditions that have a genetic component in order to make medical management decisions (using coronary artery disease as an example).

· Absolute CAD risk estimates (% risks) based on family history are not yet readily available, therefore, family information is used to stratify risk of CAD.
· Stratums:

· “Low Risk”:  no apparent vertical transmission, no early age of onset, one maybe two distant people in the family tree affected.  No or very few females affected (usually occurs more often in men, therefore, an affected female indicates a higher genetic load and hence greater risk)  Also, no other related cancers (e.g. thyroid cancer occurs a lot in families with breast cancer).

· “High Risk”:  more than one person in family affected, in a vertical pattern & with early ages of onset.  Many females affected (usually occurs more often in men, therefore, an affected female indicates a higher genetic load and hence greater risk).  Also, characteristic patterns of disease (other than the specific suspected one) that may indicate a specific genetic etiology (e.g. Inherited predisposition to thrombosis might be suspected in a pedigree that has multiple relatives with CAD, stroke and other thromboembolic events).
· “Moderate Risk”:  Somewhere between Low and High risks.
· Medical Management Decisions:  
· ON-GOING
· Test for important familial risk factors:  thrombotic genetic markers (prothrombin G20210A, MTHFR,C677T)

· Stratum specific management:

	
	High Risk
	Moderate Risk
	Low Risk

	Clarify & verify family history
	X
	X
	n/a

	Pedigree analysis to assess possiblility of Mendelian disorders (thrombisis) featuring CAD
	X
	
	

	Clinical assessment of established and emerging CAD risk factors
	Every 1-2 yrs.
	Every 2-3 yrs; if multiple risk factors, reassign to “high” risk
	Every 5 yrs.

	Early detection strategies:
	Every 2-3 yrs; beg. 10 yrs prior to earliest age of onset
	n/a
	n/a

	Prevention messages
	Tailored to identify CAD risk factors and presence of sub-clinical disease
	Tailored to identify CAD risk factors.
	Public health prevention (general) messages

	Referral of relatives
	X
	n/a
	n/a


Public Health Genomics:
1) List the risk factors for chronic diseases of public health genomics significance.

· Behavior(s) & lifestyle

· Environment

· Genes
2) Describe the importance of multiple systems (i.e. patients, providers, industry, insurers, government, and society) and their interface with public health genomics.

· Because many people contribute (social & economic) it is important to work with all stakeholders and to identify our needs.
3) Explain the public health genomics framework.

· Not explained in lecture very well.  See framework in lecture notes (p. 4 of supplemental notes on Public Health Genomics).  

· Ideas gathered from lecture:

· U.S. Surgeon General reports to the U.S. Secretary of Health

· Centers for Disease Control and Prevention (CDC) ( money for Michigan Genomic Department (only state with genomic dept).

· Michigan is only state with State Surgeon General

· Health Resources & Services Administration (HRSA)( money for newborn screening initiative.

· National Institute of Health (NIH):  money for Human Genome Project  and the U.S. Surgeon General “Thanksgiving Campaign” – initiative to encourage everyone to collect their family health history at Thanksgiving.
4) Provide example(s) of the application of public health genomics at the federal and state level.

· Federal:

· Myriad’s BRCA 1/2 Direct to Consumer (DTC) marketing campaign:
· DTC = advertisements of genetic tests and access to testing without the involvement of a health professional.

· 2003 pilot in Atlanta & Denver

· 1st time established genetic test marketed directly to public

· Target:  women 25 -54 w/ personal or family history of breast or ovarian cancer.

· CDC & 4 health departments:  assess impact of Myriad campaign

· Comparison cities:  Raleigh-Durham & Seattle

· Analytical results:

· Consumer & provider awareness increased

· Providers perceived impact on practice (more questions, more referrals, and more tests by patients for BRCA) in pilot cities

· Providers had lack of knowledge in all four cities:

· If breast cancer at early age is it more likely to be BRCA 1/2 or some other cause?  --BRCA 1 or BRCA 2

· Can women inherit the BRCA 1/2 mutation from either parent or just maternal?  --BOTH!

· If your sister has BRCA1 or BRCA2, what is likelihood that you carry the mutation?  --50% (autosomal dominant)

· Summary:

· Underscores need for evidence-based recommendations & appropriate (BRCA 1/2 testing should not be a “general media campaign” b/c most people are not at risk) use of genetic testing & education of providers and public

· Practice of DTC marketing may impinge upon informed consent

· Interpretation of test is complex

· State (Michigan Department of Community Health):

· Sudden Cardiac Death of the Young (SCD):

· Epidemiology definition:  all deaths due to cardiac disease that occurred out of hospital or in emergency department, or one in which decedent was death on arrival (very broad definition).

· Clinical definition:  natural nonviolent unexpected, with any potentially lethal non-cardiac causes ruled out and either:

· Witnessed death:  stable medical condition within 6 hours of onset of symptoms.
· Unwitnessed death:  deceased seen in stable condition less than 24 hours before being found dead.
· Summary:

· Focus deaths age 1-39 years of age:

· 1 – 19:  linked to myocarditis, cardiomyopathy & indeterminate causes (likely singe gene disorders)

· 20-39:  linked to atherosclerotic cardiovascular disease

· Men have higher SCD incidence than women

· Blacks have higher SCD incidence than whites
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