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Nedwidek Human Genetic Diseases and Pedigrees
10/1-3/2013 SBS11QGR

Aims: How do certain genetic diseases present?; How do single gene defects manifest differently from multiple gene inheritance patterns in humans?

Pedigrees: Note from class the right way to show mating and consanguinity; you will never be given carrier status as a half shade. You will need to generate and analyze pedigree data.

All pedigrees are results of punnett predictions.  Cointosses can simulate human matings.  Outcomes seldom if ever agree with the precise prediction presented in the punnett matrix.

You are expected to know basic symbolism for gender and disease presentation.

You are expected to connect mendelian inheritance patterns in humans with the symbols and punnett predictions and outcomes we discussed in class.

You are expected to know 4 major types of mendelian inheritance pattern pedigree hallmarks.

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.

All pedigrees are results of punnett predictions.  Cointosses are simulations of human matings.  Outcomes seldom if ever agree with the precise prediction presented in the punnett matrix.

You are expected to know basic symbolism for gender and disease presentation; circles are females, squares are male, and shaded individuals are “affected”. Half shades are rarely used.

You are expected to connect mendelian inheritance patterns in humans with the symbols and punnett predictions and outcomes we did in class.

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

Autosomal dominant (AD):

-Huntington disease (chorea) is due to a defect in the huntingtin (HD) protein, function unknown, in brain, causing degeneration of control by brain and nerve tissue.

-Achondroplastic dwarfism is due to a defect in Fibroblast Growth Factor Receptor 3 (FGFR3), which controls the receipt of growth hormone stimulus.

-Cataracts: clouding of the lens of the eye

-Polydactyly: extra fingers or toes

-Syndactyly: webbing of fingers or toes

-Brachydactyly: stunting of fingers or toes

-Holoprosencephaly (sonic hedgehog, cyclopsis and cleft palate)

Autosomal recessive (AR):

-Albinism: multiple causes; defect in melanocyte production; tyrosinase enzyme defective; all races can have albinos.

-Cystic Fibrosis (CF) is due to a defect in Cystic Fibrosis Transmembrane conductance Regulator (CFTR) (ATP binding); regulates Cl- ion flow across cells; targets lungs.

-Phenylketonuria (PKU) ) is due to a defect in phenylalanine hydroxylase (converts phenylalanine to tyrosine), causing buildup of phenylalanine and neurological damage.

-Hereditary deafness (also autosomal dominant): malfunction of ear development; there are other types; this can be autosomal dominant or recessive

-Sickle cell anemia (heterozygote advantage):  Hemoglobin mal-folding mal-forms cells.  Defect is beta globin Glu6 mutated to Val.  Defect is in the HBB gene encoding a part of Hemoglobin called beta globin.  The mutation changes glutamic acid 6 to valine (and is called val6glu) in this protein, which also causes thalassemia when defective.  Affects O2 transport.

-Thalassemia: globin defects similar in phenotype and geographic distribution to sickle cell.

-Tay Sachs Disease: Overmyelination of neurons at Schwann cells due to a deficiency in Hexosaminidase A (HexA-)

X-linked Dominant (XD):

-Hereditary Vitamin D-deficient Rickets: also called hypophosphatemia, a metabolic disorder that causes soft and brittle bones.

-Rett Syndrome: Mental retardation, behavioral abnormalities;  is due to a defect in methyl CpG binding protein 2 (MEPC2), a transcriptional regulator that binds methylated DNA to silence certain genes.

-Fragile X: cognitive delay, attention deficit, gonadal dysgenesis
X-linked recessive (XR):

-Red-Green Colorblindness: Cant distinguish red from blue-green colors; defect in cones in retina

-Hemophilia: Lack of one of 10 clotting factors; these people are called bleeders because they bleed excessively.  Coagulation factor 8 defect (F8C-) is called Hemophilia A.  Coagulation Factor 9 or Leyden Factor defect (F9-) is called Christmas Disease or Hemophilia B.

-Duchennes Muscular Dystrophy (MD): Muscle wasting (dystrophin-); highly polymorphic. DMD is due to any number of defects in the very large dystrophin gene.  DMD (Duchennes) or Becker muscular dystrophy are both connected to dystrophin which is encoded on X and controls muscle stability.  Other muscular dystrophies are autosomal.

-Icthyosis simplex (deletion of part of X): scaly skin, cognitive delays

Y-linked (YL): see below

-Hairy Ears

-SRY defects (deletions or translocations, cause hermaphroditism)

Polygenic Inheritance:

Skin, hair, eyes

Foot size

Nose length

Height

Multiple Alleles:

ABO blood type (codominant)

Codominance—involves multiple allele expression; not all multiallelic inheritance is codominant

Incomplete dominance—a mixed phenotype that is not that of either parent

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.

Chromosome Number: Defects in # are all due to nondisjunction events

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

-XO (correctly, 45,X)-Turners Syndrome-sterile, short stature, webbed neck, gonads malformed, only one sex chromosome, average intellect/IQ

-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 penetrance, 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: mentioned above

-Hairy ears: inconvenient, self-explanatory.

-SRY mutation  or translocation: GENDER BENDERS. SRY- based sex reversal is caused by a mutation or translocation of the SRY region

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

-SRY- in 46, XY females with gonadal dysgenesis: presents phenotypically like Turners-SRY has been deleted from Y chromosome or mutated.

-Sex Reversal (Y linked) is due to defects in the SRY gene.  Normal SRY protein binds DNA to alter chromosome structure in response to androgen (male-specific) hormones.  Any imbalance in this regulation causes gonads not to form properly, and the affected individual is infertile.

-Also, other hormonal defects can present like these.

-Sometimes male sterility is caused by spontaneous Y deletion

-Androgen insensitive males (also like Klinefelters) are 44+X+Y.

Autosomal:

-Downs: Trisomy 21, small chromosome, often involved in nondisjunction in later pregnancies

-Edwards: Trisomy 18, faunlike ears, small jaw, die in 3 weeks

-Patau: Trisomy 13, harelip, die in 130 days post birth

-Cri du Chat (deletion of part of 5, partial monosomy)

Sex Chromosomal: see above
-XO Turners

-XXX triple X

-XYY supermale

-XXY Klinefelters (hermaphroditism)

-Icythyosis simplex (partial deletion of X)

Chromosomal Translocations and deletions:

In germline or sex cells, these are usually developmental lethal.

In somatic or body cells, these typically cause cancers (leukemias most commonly).

Maternal effect or mitochondrial defect are implicated in developmental defects with environmental triggers, such as autism (possibly) and MERRF (myoclonic epilepsy).

Test is Mon. 10/7/13: exclusively on pedigrees & disease manifestations, predictions, outcomes.  Includes this plus next set of notes on codominance and blood typing.

