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C14 Genetics

Gregor Mendel – Austrian monk, discovered particulate behavior of genes, 1860.

Character – a heritable feature, ex. flower color.

Trait – each variant for a character, ex. purple.

True-breeding – for self-pollinating plants, all offspring same variety.

Hybridization – crossing of two varieties.

Monohybrid cross – a cross of 1 character.

Dihybrid cross – a cross differing in 2 characters.  Helped Mendel determine that traits are inherited independently of one another.

P generation – parents.

F1 generation – first filial, referring to offspring.

F2 generation – second filial offspring.

Allele – gene form, ex. T

Dominant allele – will be expressed in the heterozygote.

Recessive allele – only expressed if homozygous.

Homozygous – having “same” alleles.

Heterozygous – having 2 different alleles.

Phenotype – physical expression of traits, ex. purple.

Genotype – genetic makeup, ex. PP or Pp or pp.

Testcross – uses the recessive as the known genotype to determine the unknown genotype ex. PP or Pp with same phenotype.

Law of segregation – the 2 alleles for each character separate during gamete production.

Law of independent assortment – alleles separate independently of other alleles.

Rule of multiplication – multiply the probability for each gamete to transmit a certain genotype to determine expected genotype percentage, ex. probability that 2 coins tossed independently will both land heads is ½ X ½ = ¼.  For heterozygous parents in a dihybrid, that the gamete will be YR = ¼.  For offspring to be YYRR = ¼ X ¼ = 1/16.

Rule of addition – probability of an event that can occur in 2 or more different ways is the sum of the separate probabilities of those ways.  (You do this naturally when you interpret a monohybrid Punnett).
Incomplete dominance – produces a blended trait, ex. red + white = pink.

Codominance – both alleles are apparent in the phenotype, ex. black and white chicken.

Pleiotropy – ability of a gene to affect an organism in many ways.

Levels of gene expression:  On organismal level, in recessively acquired Tay-Sachs, only those with both alleles have the disorder.  On biochemical level heterozygotes also make the defective enzyme, but it is compensated for by the healthy allele.

Points about dominance:

1. For complete dominance, phenotypes of the heterozygote and the homozygote are indistinguishable.

2. Complete dominance is on one end of continuum and codominance the other, with various degrees of incomplete dominance between.

3. Dominance does not involve one allele subduing another.

4. Dominance does not determine the abundance of alleles in the population.

Multiple alleles – having 2 or > possible alleles for a gene but only 1 locus/chromosome, ex. ABO blood groups, alleles are i, IA, IB.

Polygenic – 2 or more genes produce 1 character with an additive effect.  Most quantitative characters (varies along a continuum) are polygenic, ex. skin color has at least 3 genes

Epistasis – when a gene alters the expression of a gene at a different locus, ex. mouse hair color.

Pedigree – family tree describing relationships of parents and children across generations for a particular trait.

Carriers – normal heterozygotes.

Recessive disorders:

· Cystic fibrosis – most common lethal genetic disease in US; 1 in 2500 whites.  1 in 25 whites is carrier.  Normal gene codes for membrane protein that transports chloride.  Defective gene results in excess extracellular chloride and sticky mucus in pancreas, lungs, digestive tract, and other organs. Physical therapy, enzymes, nutrients, and antibiotics used to treat.
· Tay-Sachs disease – defective enzyme fails to break down brain lipids.  Infants suffer seizures, blindness, and brain degeneration.  Usually death before age 5.  Higher incidence among those with Jewish descent from central Europe.

· Sickle-cell disease – effects 1 in 400 African-Americans.  Caused by substitution of 1 amino acid in the hemoglobin protein of RBC’s.  Low O2 promotes sickling.  Heterozygous individuals have sickle-cell trait.  Carriers are usually healthy, but some suffer when oxygen stressed.  Alleles are codominant at the molecular level. (Carriers have heterozygote advantage over malaria).

Dominant disorders:

· Achondroplasia – form of dwarfism, 1 in 10,000 people.

· Huntington’s disease – irreversible degenerative nervous system disease with onset ages 35-45.  Locus near tip of chromosome 4.

Multifactorial disorders – genetics + environment; ex. heart disease, diabetes, cancer, alcoholism, certain mental illnesses such as schizophrenia and manic-depressive disorder.

Ethics:  Will carriers be stigmatized?  Will those with genetic diseases be able to get health insurance?

Fetal testing:

· Amniocentesis – amniotic fluid removed at 13-16 weeks and tested for presence of certain chemicals and/or karyotype.  Tay-Sachs, Down’s syndrome, and other abnormalities can be discovered as well as gender of fetus.
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