Chapter 14
      MENDEL AND THE GENE IDEA
Genetics is the branch of biology that studies the structure, expression and transmission of hereditary traits.

Heredity is the transfer of genetic information from parent to offspring.

Modern genetics is based on the research conducted by an Augustinian monk named Gregor Mendel.

Gregor Mendel  (1822 - 1884)

A monk who lived Brunn, now known as Brno, in the Czech Republic. 

Mendel enter the monastery in 1843. After theological training and some experience in teaching, Mendel went to study at the University of Vienna.

During his studies in Vienna, Mendel was influenced by the physicist Doppler who encouraged him to learn science by experimentation and the use of mathematics in explaining natural phenomena, and the botanist Unger, who inspired him to study plants. 

Mendel began his research about 1857, in the abbey garden.

He conducted a series of experiments breeding garden peas (Pisum sativum) and published his results in 1866.

He argued that parents pass to their offspring discrete inheritable factors.

Garden peas show a great deal of variation and are self-pollinating plants.

Mendel developed true-breeding lines for seven characteristics.

· True-breeding refers to a variety of organism, when self-fertilized, produces offspring identical to one another and to the parent.

Flower color: purple and white.

Flower position: axial or terminal.

Seed color: yellow or green.

Seed shape: round or wrinkled

Pod shape: inflated or constricted.

Pod color: green or yellow.

Stem length: tall or dwarf.

Mendel's conclusions have been tested repeatedly by many scientists over the years and found to be generally true.

Mendel cross-pollinated two true-breeding varieties of peas, e. g. plants with purple and white flowers. The crossing of two varieties is called hybridization.

· The true-breeding parents are the P generation.

· The hybrid offspring is the F1 generation.

· The offspring of the self-pollinating F1 generations are called F2 generation.

THE LAW OF SEGREGATION

The term allele refers to genes that govern variations of the same feature, e.g. yellow seed and green seed are determined by two alleles of the same gene.

Expressed in modern terms, these conclusions are...

1. There are different forms of genes (alleles), the units that determine heritable traits.

2. For each inherited characteristic, an organism has two alleles, inherited one from each parent.

3. When two alleles of a pair are different, one is usually expressed and the other has no noticeable effect. The expressed allele is called dominant (P), and unexpressed allele is called recessive(p). A dominant allele can mask the expression of a recessive allele.

4. Alleles separate (segregate) during gamete formation and end up in different gametes.

We know now that alleles occupy corresponding loci in homologous chromosomes.

A locus refers to the location of the gene in a chromosome (plural, loci).

Genes exist as pairs of alleles in diploid individuals.

TERMINOLOGY

Heterozygous individuals carry two different alleles of a locus (Pp).

Homozygous individuals carry identical alleles (PP, pp).

Phenotype refers to the external appearance of the organism, e.g. Seed shape: round or wrinkled; it also includes internal anatomy, physiology and behavior.

Genotype refers to the genetic makeup of the organism.

· Individuals with the same appearance (phenotype) may differ in their genetic makeup (genotype).

A Punnett square allows to predict the ration of genotypes and phenotypes of the offspring of a cross.

A testcross is performed to determine if an individual of unknown genotype is homozygous or heterozygous. The individual with the unknown genotype is crossed with a homozygous recessive individual. About 50% of the offspring will be double recessive.

LAW OF INDEPENDENT ASSORTMENT

Each pair of alleles segregates (separates) into gametes independently. 

Monohybrid cross involves individuals with different alleles of a given locus. 

· Mendel conducted monohybrid crosses when he followed one character or trait in his experiments.

Random combination of gametes results in the 3:1 ration that Mendel observed in the F2 generation.

Dihybrid cross involves individuals who have different alleles in two different loci.

· Mendel conducted dihybrid crosses when he followed two traits in his experiments.

Alleles are packaged into gametes in all possible allelic combinations, as long as each gamete has one allele for each gene.

If two characters segregate independently, four classes of gametes will be produced by the F1 generation, and in the F2 generation, there will be all possible combinations of traits, in a 9:3:3:1 phenotypic ratio.

PROBABILITY

Mendelian inheritance reflects the rules of probability.

Events are independent if the occurrence of one does not affect the probability that the other will occur.

Rule of Multiplication or Product rule: if two or more events are independent of each other, the probability of their both occurring is the product of their individual probabilities.

What are the chances that two coins tossed simultaneously will land heads up?

The chances of tossing one coin landing heads up is 1 of 2 possibilities.

· ½ X ½ = ¼

Rule of Addition or Sum rule: if two or more events are mutually exclusive, the probability of obtaining the outcome is the sum of the individual probabilities of the events.

In some cases there is more than one way to obtain an outcome. These different ways are called mutually exclusive.

· If one occurs the other cannot occur.

If there are more than one way of obtaining the result, the chances of its being obtained are improved. 

If both parents are Bb, what is the probability of that their child will also have the Bb genotype?

· Either a B egg combines with a b sperm (probability ¼) or a b egg combines with B sperm probability ¼).

· ¼ + ¼ = ½

USING RULES OF PROBABILITY TO SOLVE GENETICS PROBLEMS

EXTENDING MENDELIAN GENETICS

The pea characters chosen by Mendel are determined by one gene, for which there are only two alleles, one completely dominant to the other. An exception is the flower position, which is controlled by two genes.

Not all heritable traits follow the Mendelian inheritance rules. But the basic principles of independent assortment and segregation are followed by all heritable traits.

The relationship between genotype (genetic makeup) and phenotype (appearance) is rarely simple.

1. Incomplete dominance occurs when the heterozygote has a phenotype intermediate between those of its parent.

· Red and white flower bearing plants produce a pink flower plant.

A dominant allele can mask the expression of a recessive allele. This situation is called complete dominance.

In codominance, the heterozygote expresses the phenotype of both types of homozygotes.

· Roan horses have both white and red hairs mixed giving a characteristic color to the animal. The white and red hairs are expressed independently hair by hair.

· Human blood type AB.

· In the case of the Tay-Sachs disease, the heterozygous individual is normal, but at the molecular level, the enzymatic action is intermediate between normal and diseased individuals. This is a case of molecular codominance while at the organismal level it appears as complete dominance.

Complete dominance to different levels of incomplete dominance to codominance.

2. Dominant and recessive alleles found in heterozygous individuals do not interact. It is in the pathway to the phenotypic expression (from genotype to phenotype) that dominance and recessiveness comes into play.

3. A dominant allele may be uncommon, e. g. the gene for polydactyly, extra fingers or toes, is dominant over the allele for five fingers. Five fingers is, however, the common condition in humans. 

Multiple alleles is the condition when three or more alleles that can occupy a locus exist in the population.

· Human blood types is the result of multiple alleles.

Pleiotropy is the characteristic of genes to have multiple effects.

· The many symptoms of cystic fibrosis.

· A defective enzyme that affects the function of many types of cells.

In epistasis, the allele of one locus can mask the expression of the allele in another locus.

· Albinism: the enzyme required for melanin production is inactive. Melanin is the precursor of other pigments, brown, black, etc. 

· The deposition of color depends on a gene that is different from the genes for pigment. So a mouse will be white if it has the double recessive condition for pigment deposition regardless of the genes for pigment being present. 

Polygenes act additively to produce a phenotype: polygenic inheritance.

· Many characteristics are not inherited through alleles in a single locus but through several pairs of alleles in different loci (polygenes), e.g. human height, skin color, body form, etc.

· Characters expressed through the additive effect of many genes are called quantitative characters. E. g. human skin color.

Polygenic Traits Are Continuously Varying


1. Polygenic traits usually produce a continuum of phenotypes.


2. Individual genes of a polygenic trait follow Mendel's laws, but together do not produce Mendelian ratios.


3. A bell shaped curve often describes the distribution of phenotypic classes of a polygenic trait.
Fingerprint Patterns, Height, and Eye Color


1. Dermatoglyphics is a technique that compares the fingerprint patterns that identify and distinguish individuals. Fingerprint pattern is a multifactorial trait and environmental differences during gestation results in dermatoglyphic differences between identical twins.

2. Human height in a population varies continuously in a bell shape distribution. Diet and health are strong environmental factors in expressing genetic potential for height.

3. Eye color is a polygenic trait that has little (if any) environment component. A model using two genes with two alleles that interact additively approximates the distribution of the five human eye colors.
http://highered.mcgraw-hill.com/sites/007246268x/student_view0/chapter7/
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Phenotypic expression depends on the environment as well as on genes.

The product of a genotype is generally not a rigidly defined phenotype, but a range of phenotypic possibilities over which there may be variation due to environmental influence.

· This phenotypic range is called the norm of reaction of a genotype.

Quantitative characters influenced by the environment are said to be multifactorial. They do not follow Mendelian inheritance laws. 
MENDELIAN INHERITANCE IN HUMANS

Pedigree describes the line of ancestry followed over several generations.

Many human disorders follow Mendelian patterns of inheritance.

Family pedigrees can be used to deduce the possible genotypes of individuals and make predictions about future offspring. Any predictions are usual statistical probabilities rather than certainties. 

Each of us has about 100,000 genes, an unknown number of which are defective. Geneticists

estimate that each person has five to seven defective genes that could be lethal to an offspring

who inherit the gene. Testing for genetic disorders allows the chance for those who have a

disorder to know.

In general, genetic disorders are not evenly distributed among all groups of human. 

Recessively inherited disorders

The heterozygotes, who are phenotypically normal with regard to the disorder, are called carriers.

Cystic fibrosis

The normal gene for CF codes for a membrane protein that functions in chloride ion transport between certain cells and the extracellular fluid. If these chloride channels are defective or absent, an abnormally high concentration of extracellular chloride, which causes the mucus that coasts certain cells to become thicker and stickier than normal.

"CF occurs most often in people with certain ethnic backgrounds. In Northern European Caucasians and people of Ashkenazi Jewish descent, approximately one infant out of every 2,500 live births will be born with CF and one out of every 29 persons are thought to be carriers. People of other ethnic groups also have CF, but not as frequently. For example, one in 8,400 Hispanic Americans, one in 14,400 African Americans and only one in 32,400 Asian Americans will be born with CF." http://www.ninds.nih.gov/health_and_medical/disorders/
Sickle-cell anemia

"Sickle Cell Anemia (SCA) is caused by a change in the chemical composition of the protein    (hemoglobin or Hgb) that carries the oxygen inside of the red blood cells (RBC's).  Normal    Hgb is a round or ball-shaped folded molecule composed of 4 protein subunits - 2 alpha chains and 2 beta chains.  The chemical change is a valine amino acid substituted for glutamic acid in both of the beta chains (HbSS).  These chemical changes in hemoglobin cause the shape of the molecule to change under certain conditions such as lowered oxygen concentration and dehydration.  Deoxygenated HgSS molecules can chemically link to each other, creating chains of molecules - a polymer.  In turn, these abnormal elongated hemoglobin polymer structures distort the shape of the whole red blood cell.  The abnormal RBC's can damage the vessels around them and the tissues that depend on the vessels for oxygen and nourishment. For example, the damaged RBC's can cause thrombosis (clotting) and then secondary ischemic damage to the adjacent and surrounding tissues - causing infarction (cellular death).

Ironically, the sickle cell trait (the heterozygous HgbSA - not the homozygous HgbSS) seems to have a protective effect against the malaria parasite. 

By the time many patients reach adulthood, there is often objective evidence of anatomic and/or functional damage to various tissues due to the cumulative effects of recurrent vasoocclusive (clotting) episodes. However, the course of the disease is variable from patient to patient."

http://radlinux1.usuf1.usuhs.mil/rad/home/cases/sickle.html
Tay-Sachs disease

It is commonly found among Ashkenazic Jews, Jewish people from Central Europe. The disease affects about 1 in 3600 births. This is 100 times greater than in other Jewish groups.

"Tay-Sachs disease is a fatal genetic disorder in which harmful quantities of a fatty substance                         called ganglioside GM2 accumulate in the nerve cells in the brain. Infants with Tay-Sachs disease appear to develop normally for the first few months of life. Then, as nerve cells become distended with fatty material, a relentless deterioration of mental and physical abilities occurs. The child becomes blind, deaf, and unable to swallow. Muscles begin to atrophy and paralysis sets in. A much rarer form of the disorder which occurs in patients in their twenties and early thirties is characterized by unsteadiness of gait and progressive neurological deterioration. Patients with Tay-Sachs have a "cherry-red" spot in the back of their eyes. The condition is caused by insufficient activity of an enzyme called hexosaminidase A that catalyzes the biodegradation of acidic fatty materials known as gangliosides. Gangliosides are made and biodegraded rapidly in early life as the brain develops. Patients and carriers of Tay-Sachs disease can be identified by a simple blood test that measures hexosaminidase A activity. Both parents must be carriers in order to have an affected child. When both parents are found to carry a genetic mutation in hexosaminidase A, there is a 25 percent chance with each pregnancy that the child will be affected with Tay-Sachs disease. Prenatal monitoring of pregnancies is available if desired.

· Is there any treatment?  Presently there is no treatment for Tay-Sachs.

· What is the prognosis? Even with the best of care, children with Tay-Sachs  disease usually die by age 5."
http://www.ninds.nih.gov/health_and_medical/disorders/taysachs_doc.htm
Inbreeding is the mating of two closely related individuals, greatly increases the chances that a homozygous for one or more recessive genes will result.

Dominantly inherited disorders

Achondroplasia

Achodroplasia is a form of dwarfism. Heterozygous individuals are dwarfs. All people who are not achodroplastic are homozygous for the recessive gene.

"Achondroplasia is a genetic disorder of bone growth that is evident at birth. It affects about one in every 25,000 births (your textbook says 10,000) and it occurs in all races and in both sexes. Its depiction in ancient Egyptian art makes it one of the oldest recorded birth defects.

It is the most common of a group of growth defects characterized by abnormal body proportions — affected individuals have arms and legs that are very short, while the torso is more nearly normal size....During fetal development and childhood, cartilage normally develops into bone, except in a few places, such as the nose and ears. In individuals with achondroplasia, something goes wrong during this process, especially in the long bones (such as those of the upper arms and thighs). The rate at which cartilage cells in the growth plates of the long bones turn into bone is slow, leading to short bones and reduced height."

http://www.marchofdimes.com/professionals/681_1204.asp
Huntington disease

This lethal gene has no obvious phenotypic effect until the individual is about 35 to 45 years old. By this time, the person may have already transmitted the gene to his children. The gene is located near the tip of chromosome 4.

"Huntington's disease (HD) results from genetically programmed degeneration of brain cells, called neurons, in certain areas of the brain. This degeneration causes uncontrolled movements, loss of intellectual faculties, and emotional disturbance. HD is a familial disease, passed from parent to child through a mutation in the normal gene. Each child of an HD parent has a 50-50 chance of inheriting the HD gene. If a child does not inherit the HD gene, he or she will not develop the disease and cannot pass it to subsequent generations. A person who inherits the HD gene will sooner or later develop the disease. Whether one child inherits the gene has no bearing on whether others will or will not inherit the gene. Some early symptoms of HD are mood swings, depression, irritability or trouble driving, learning new things, remembering a fact, or making a decision. As the disease progresses, concentration on intellectual tasks becomes increasingly difficult and the patient may have difficulty feeding himself or herself and swallowing. The rate of disease progression and the age of onset vary from person to person. A genetic test, coupled with a complete medical history and neurological and laboratory tests, help physician's diagnose HD. Presymptomic testing is available for individuals who are at risk for carrying the HD gene. In 1 to 3 percent of individuals with HD, no family history of HD can be found.... At this time, there is no way to stop or reverse the course of HD. Now that the HD gene has been located, investigators are continuing to study the HD gene with an eye toward understanding how it cause disease in the human body."

http://www.ninds.nih.gov/health_and_medical/disorders/huntington.htm
Multifactorial disorders

Multifactorial diseases have a genetic basis plus a environmental influence. Heart disease, diabetes, cancer, alcoholism, certain mental illnesses, etc.

"Multifactorial disorders, also called complex disorders, are very common in the population and account for the majority of birth defects and chronic diseases. Many common disorders are multifactorial, and occur more frequently in some families than in the general population. Because of the complexity of these common disorders, only recently have scientists begun to use the tools of molecular science to unravel their causes. 

What Are the Characteristics of Multifactorial Conditions? Multifactorial conditions may involve multiple genes that exert an additive effect on a trait. This is referred to as polygenic inheritance. Multifactorial conditions may also involve both genetic and environmental causes. The more we learn about the genetic components of multifactorial conditions, the more we understand the impact of environmental components. 

Multifactorial inheritance is more difficult to analyze than chromosome and single gene disorders since genetic patterns are not clear cut, many environmental factors have not been identified, and, most importantly, we do not understand the basic defects in the disorder. For most multifactorial conditions, genetic counselors can counsel families regarding the recurrence risk among subsequent pregnancies by using empiric risk figures. These figures are based on experience or recurrence among a large collection of affected families. In general, the more family members that are affected, the greater the risk of multifactorial disorders occurring in subsequent pregnancies. There is also increased risk that the disease will have a more severe expression. The risk also increases if the affected individual is a member of the less commonly affected sex. These characteristic indicate that the family has a high load of genetic risk factors and is more likely to have an affected child, compared to the general population. In a given family, the actual risk may be substantially higher or lower than this average.

Examples of Multifactorial Disorders    

Neural tube defects

Neural tube defects are birth defects that result from the failure of part of the spinal column to close approximately 28 days after conception. If the anterior (top) portion of the neural tube fails to close, the most severe type of neural tube defect called anencephaly results. Anencephaly is the absence of portions of the skull and brain and is a lethal defect. If a lower area of the spine fails to close, spina bifida occurs. People with spina bifida have varying degrees of paralysis, difficulty with bowel and bladder control, and extra fluid in the brain called hydrocephalus. The size and location of the neural tube opening determines the severity of symptoms. Surgery is needed to cover or close the open area of the spine. When hydrocephalus is present, surgery is needed for shunt placement.

http://encyclopedias.families.com/multifactorial-inheritance-760-763-gecd
"The genetic basis for multifactorial inheritance consists of:

1. Several genes are involved in the ultimate expression of the trait.

2. No single gene shows dominance or recessivity.

3. All of the genes act in an additive manner -- each "adds" or "removes" a small amount from the overall phenotype.  

4. The genotype and environment interact to produce the final phenotype.

A threshold theory has been developed to explain how the presence of many factors can interact to result in clinical disease.  In this model, those that have genetic "liabilities" (alleles of a gene that, when present in the proper combination and environment result in disease) above a certain threshold level will develop clinical disease, especially if their environmental influences are of the type that can trigger the disease.  For example, a person who has inherited a large number of genes that can lead to hypertension is more likely to develop the disease than on who only inherited a small number of these genetic liabilities.  Furthermore, a diet high in fat and cholesterol (the environment) could cause atherosclerotic plaques and result in further

disruption of vascular function.  Hypertension is the eventual phenotype based on a given environment and a genotype that is already at or near the threshold for the disease."

http://www.uic.edu/nursing/genetics/Lecture/Types/Multifactorial/multifact.htm
TECHNOLOGY
Testing during pregnancy and childhood can identify carriers. There are test available to test individuals for sickle cell anemia, Tay-Sachs disease, Huntington's disease, cystic fibrosis and many more.

Amniocentesis

"Amniocentesis is the removal of a small amount of amniotic fluid from the sac around the baby.  The fluid contains cells, which come from the baby and the placenta.  This test is usually performed at 16 weeks in pregnancy.

After the skin is cleaned with antiseptic, a fine needle is inserted under ultrasound guidance through the mothers' abdomen into a pool of amniotic fluid.  A small amount of the fluid is withdrawn and the needle removed. Most women find the procedure painless, although some women feel discomfort. After the procedure it is advisable to rest for the remainder of the day.  You may like to have a family member or friend with you on the day of the test.

The amniotic fluid is sent to a lab for testing.  A chromosome result will take 2-3 weeks.  A biochemical result or direct genetic (DNA) test may take longer."

http://www.geocities.com/cutebootee/Amnio.html
"The test can detect chromosomal disorders -- such as Down's syndrome, structural defects -- such as spina bifida (open spine, where the vertebrae fail to close), anencephaly (a condition in which the brain is incomplete or missing), and many rare, inherited metabolic disorders.

Later on in a pregnancy, the test may be used to identify suspected problems such as Rh incompatibility or infection."
http://www.nlm.nih.gov/medlineplus/ency/article/003921.htm
Chorionic Villus Sampling (CVS) 

"Chorionic villus sampling (CVS) is a prenatal test that involves taking a tiny tissue sample from outside the sac where the fetus develops. The tissue is tested to diagnose or rule out certain birth defects. The test generally is performed between 10 and 12 weeks after a woman’s last menstrual period.

 CVS may be offered when there is an increased risk of chromosomal or genetic birth defects, and parents would like test results as early in pregnancy as possible. Another prenatal test called amniocentesis can diagnose the same birth defects, but is performed a little later in pregnancy, usually between 15 and 18 weeks after a woman’s last menstrual period.

Who is offered CVS? CVS is not routinely offered to all pregnant women because the                         test carries a small risk of miscarriage, and possibly other complications."
http://www.marchofdimes.com/professionals/681_1165.asp
Ultrasound uses sound waves to produce an image of the fetus. This is a non-invasive procedure. It can be use to locate the position of fetus during an amniocentesis.

Fetoscopy uses a needle with a viewing scope that is inserted in the uterus for viewing. 

All these procedures can help detect genetic or anatomical disorders in the unborn child.

