Dr. Nedwidek Human Genetic Chromosome Abnormalities and their Pedigrees   SBS11QHG
2/27/2013
Aim: What genetic abnormalities are passed in which manners?

This is your human genetic diseases ready reference. Exam 3: March 19, 2013: You are responsible for mucho more on the inheritance, less on the clinical. I’m also pulling together a bulletin board project that I need you to do for early next week. Details TBA.  First project outline is due 3/21/13.  Class party 3/22/13.
Some of the material on chromosomes below should be review.

Chromosome concepts and abnormalities:

-Defects in chromosomal number are responsible for many more complications than are mendelian inherited defects.

-You need 22+22 (44) distinct autosomes in each cell to function normally.

-You need sex chromosomes X+X or X+Y in each cell to function normally.

-In XX human females, one X is knocked out in every cell to compensate or balance gene dosage.  The knockout is called a Barr Body, and the idea of X inactivation was proposed by Lyon.  The phenomenon is called dosage compensation, and is to equalize the amount of “X”.

-The Y chromosome, a part of X with additional androgenization information, determines maleness in humans.  All human females are x mosaics.

Clinically, the phenotypes that result from variation in sex chromosomes (NDJ) are as follows:

XO (correctly, 45,X)-Turners Syndrome-sterile, short stature, webbed neck, gonads malformed, only one sex chromosome, average intellect/IQ.  X inactivation in some cells causes there to be no X expression.

XXX (correctly, 47,XXX)-Trisomy X-some fertile, no obvious physiology, significant drop in IQ, two X’s inactivated.

XYY (correctly, 47, XYY)-Supermales-usually fertile, intellect delay, attention deficit, hyperactivity, formerly thought to be overly aggressive.

XXY (correctly, 47, XXY)-Klinefelters Syndrome-infertile, chromosomal hermaphroditism-range of penatrance, apparent at puberty, gender dysphoria, small testes, delayed sec sex characteristics, possess Barr Bodies, are mosaics.  Was the first chromosomal abnormality found.

Y-linked defects:

-Hairy ears: inconvenient, self-explanatory.

-SRY mutation  or translocation: GENDER BENDERS.

SRY+ in 46, XX males: presents like Klinefelters-SRY is translocated onto an X chromosome.

SRY- in 46, XY females: presents like Turners-SRY has been deleted from Y chromosome.  Also, other hormonal defects can present like these.

Most of the material on inheritance patterns below has been covered in class.

You are expected to know the 4 major types of mendelian inheritance pattern pedigree hallmarks and the punnett squares behind them (carrier statuses) and connect them to the diseases we discussed.

Auto Recessive: Parents of an affected kid are usually carriers (unaffected, not sick).

Auto Dominant: Usually shows an affect every generation.

X recessive: Hi incidence of affected males and carrier females.

X dominant: affected males with normal mates have no affected sons and no normal daughters.

Here are the diseases for which you are expected to know inheritance patterns, and their patterns:

Autosomal dominant (AD):

Huntington (chorea) disease

Achondroplastic dwarfism

Cataracts

Polydactyly and others (syndactyly, brachydactyly)

Holoprosencephaly (sonic hedgehog, cyclopsis and cleft palate, facial and finger deformities)

Marfans Syndrome

Miller-Dieker Syndrome

Hereditary Breast and Ovarian Cancer

Retinoblastoma

Alzheimers disease (AD and polygenic)

Deafness (AD, AR)

Autosomal recessive (AR): note additions or revisions, details covered in class

Albinism

Cystic Fibrosis (CF)

Phenylketonuria (PKU)

Hereditary deafness (also autosomal dominant)

Sickle cell anemia (heterozygote advantage)

Tay Sachs

Thalassemia

Gauchers Disease

Xeroderma Pigmentosum

(-1 antitrypsin deficiency: affects protease inhibitor availability in >75 variants; affects blood plasma; connects to lung disease (COPD) and liver disease (cirrhosis)

X-linked Dominant (XD):

Vitamin D-deficient Hypophosphatemic Rickets

Rett Syndrome

Fragile X

X-linked Recessive (XR):

Red-Green Colorblindness

Hemophilia

Duchennes Muscular Dystrophy

Glucose 6 Phosphate Dehydrogenase Deficiency (G6PD)

Icthyosis Simplex (deletion of part of X)

Y-linked (YL):

Hairy Ears

SRY defects (deletions or translocations, cause hermaphroditism)

Polygenic: 

Skin, hair, eyes: variable penetrance/contribution

Foot size: variable

Nose length: variable (Hapsburg nose)

Height: variable with environmental effect like diet

Epilepsy, schizophrenia: runs in families, concordance in monozygotic twins, precise lesion unknown

Non-Insulin-Dependent Diabetes mellitus (NIDDM)-multifactorial

Autism (possibly)-many causes, still unknown

Multiple Alleles/Codominance—equal weight of expression:

Blood type (codominant): Rh and ABO Blood grouping or typing antigen system: More next unit

Sub-aim: Why do we need chromosomes anyway?

Chromosome Number: Defects in chromosome # are all due to nondisjunction events (too many move too fast and sex cells end up with wrong amount)

Autosomal:

-Downs (trisomy 21, some due to translocation 21): Mental retardation, facial dysmorphism/epicanthalfold.

-Edwards (trisomy 18): mental retardation, heart malformation

-Patau (trisomy 13): severe growth retardation and mental retardation, holoprosencephaly

-Cri du Chat (deletion of part of chromosome 5p, partial monosomy) cat cry, microcephaly

Sex Chromosomal: see above regarding dosage

-(45, X) XO, Turners: gonadal dysgenesis, sterile, short stature, some mental deficit

-(47, XXX) XXX, triple X, trisomy X: mental instability, sometimes fertile, tall stature

-(47, XYY) XYY supermale: some mental and behavioral problems, behavior probs, usually fertile, correlation with incidence in prisoners (validity not fully tested)

-(47, XXY) XXY Klinefelters (hermaphroditism, range of penetrance): typical hermaphrodite, sterile, gender dysphoria, genital dysmorphism and dysgenesis of secondary sex characteristics.

Chromosomal Translocations and deletions:

In germline or sex cells, defects of any gene group or chromosome are usually developmental lethal, and result in miscarriages.  See above and below.  Less severe forms are:

--Cri du Chat syndrome ((5p)-above

--Miller Dieker ((17p)-above and prev. notes

--SRY- (translocation or deletion of part of Y)-above and prev. notes

In somatic or body cells, deletions and translocations of genes typically cause cancers of White Blood Cells (leukemias most commonly).  Somatic gene deletions or aberrant chromosome numbers (too many chromosomes) correlate with cancers in general.

--Chronic Myelogenous Leukemia (CML), for instance, is due to a fusion of BCR-ABL genes called the “Philadelphia” chromosome 22.

Maternal effect (maternally dependent inheritance) or more specifically mitochondrial defects are implicated in developmental defects with environmental triggers.  Mitochondrial genetic disorders have a very complex inheritance pattern with distribution dependence (why?). Targets are tissues like muscle and nerve that need massive amounts of oxygen-why?  

--MERRF (myoclonic epilepsy with ragged red fibers)-defects in OXPHOS pathway (why?), neural deficit, weakness, seizures, muscle wasting.  Cause is mito tRNA (lys) charging defect.  Proposed solutions infuse tRNA lys into mitochondria through cytosol

--Autism is possibly in some cases believed to be mitochondrial (see MERRF above), weakly environmental.  Autisms are mental combined with social deficits, with varying forms and penetrance ranges.  MZ (identical) twins tend to be autistic in pairs.

--Optic Neuropathy-retinal degeneration called LHON Leber’s Hereditary optic neuropathy leads to early onset blindness, multifactorial inheritance, defect in NADH synthesis.

