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Unit 3 : Genetics
Ch. 16 : Genetics & Heredity
Introduction
· For centuries, people have known that certain physical characteristics are passed from one generation to the next.

· Using this knowledge, they learned to produce crops and livestock with desired characteristics.

· However, how these characteristics are passed from one generation to the next was unknown to them.

Section 16.1 – Genetics of Inheritance
· Organisms are made up of distinguishing or unique characteristics which make them different from other organisms, we call these traits.

· Some traits are desirable while others are not.

· From observation, it has been determined that certain traits can be passed from one generation to another.  This transmission of traits is called heredity and the traits which are passed on are said to be inherited.

· Genetics is a branch of Biology which is concerned with studying the inheritance of traits and the variations caused by them.

· When we study genetics we gain a better understanding of how we can determine the inheritance of certain traits and patterns of involved in their inheritance.

· The knowledge of genetics which we have today is a far cry from what we knew in the past.

· Hippocrates ( 460 - 377 BC ), a Greek philosopher, theorized that every part of the body was involved in the production of the “seeds” which the parent produced.  The seeds of the male and female parent fused together to produce a new individual.

· In the 18th century, scientists believed that sperm contained pre-formed embryos.  Thus it was the male who had a major contribution to the new individual which was being produced.  The contribution of the female was minimal.

· In 1853, a monk named Gregor Mendel performed a number of experiments which involved pea plants.  This study took place over an eight year period and the results of these experiments laid down a basis of inheritance from which other studies were done.  

· Mendel chose the pea plant for a number of reasons ;

1. Pea plants were commercially available throughout Europe at this time.

2. Pea plants are easy to grow and mature quickly.

3. The structure of the pea plants reproductive organs 

    allowed Mendel control which plants reproduced.

    He cross-pollinated and self-pollinated these plants.

4. Different varieties of the pea plant had different  traits which could be observed      easily from one generation to the next.

· Mendel examined seven different traits in pea plants such as pod length, pea shape, etc.

· Each trait had only two possible forms or variations.

· In order to perform his experiments, Mendel bred his pea plants until he obtained purebred plants.  A purebred organism is similar to the parent or parents which produced it.  These purebred plants were true breeding plants which produced plants with the desired features that Mendel was trying to obtain.  For example, a tall parent plant would only produce tall offspring plants.

Mendel’s First Experiment ( A Monohybrid Cross )

· Once he obtained purebred plants for each of the traits which he was using, he called these the parent or P generation.


· He crossed these parent plants to obtain a first generation of offspring which he called the first filial generation or F1 generation.

· The plants which were produced in the F1 generation were called hybrids because they were the result of a cross between two different purebred plants.

· Only one trait was involved in this cross, thus this is called a monohybrid cross. { See Fig. 16.5, P. 529 }

· When Mendel performed his cross for the trait of plant height, he crossed a purebred tall plant with a purebred short plant.  In the F1 generation he expected to obtain plants which were of medium height, but he actually obtained all tall plants.  From this observation he concluded that the trait for tall was dominant and the trait for short was recessive.  Both forms of the trait were present in the F1 plants, but the short form could not be seen since it was being dominated by the tall form.

· A dominant trait is a characteristic which is always expressed or always appears in an individual.

· A recessive trait is a characteristic which is latent or inactive and usually does not appear in an individual.

· From this Mendel formed what he called the principle of dominance.  This states that when individuals with contrasting traits are crossed, the offspring will express only the dominant trait.

Law of Segregation
· Next, Mendel decided to cross the offspring of the F1 generation to produce an F2 generation or second filial generation.

· In the F2 generation Mendel obtained a 3:1 ratio of the dominant trait to recessive trait or 75% : 25% ratio.  This 3:1 ratio is called the Mendelian ratio.

· Based on his first experiment, Mendel drew the following conclusions ;

· Each parent in the F1 generation starts with two hereditary factors.  These factors are either both dominant, both recessive, or a combination of dominant or recessive.

· Only one factor from each parent is contributed to the offspring.

· Each offspring inherits only one factor from each parent.  If the dominant factor is inherited, it will be expressed.  However, the recessive factor will only be expressed if the dominant trait is not present.

· Based on the results which he obtained from the F2 generation, Mendel formed his first law of heredity.  This law, called the law of segregation, states ;

“ Inherited traits are determined by pairs of factors.

   These factors segregate or separate in the gametes,

   with one factor in each gamete.”

· Today, we call Mendel’s factors genes.  The forms which a gene can occur in are called alleles.

· Mendel’s theory of how factors are inherited is also called the unit theory.

· A purebred organism which expresses the dominant form of a trait will have two dominant alleles.  We call the organism homozygous for that trait.  There are two different form of homozygous, homozygous dominant and homozygous recessive.  

Example :

Homozygous dominant tall plant —> TT

Homozygous recessive short plant —> tt

· An organism which has one dominant allele and one recessive allele is called heterozygous or hybrid.

Example :

Heterozygous tall plant  —> Tt

Section 16.2 - Complex Inheritance Patterns
· When Mendel performed his first experiment, he performed monohybrid crosses in which he studied the inheritance of a single trait at a particular time.

· However, organisms have many traits.  Therefore, in his second experiment, Mendel studied the inheritance of more than one trait ( multiple traits ) at one time.

Mendel’s Second Experiment : A Dihybrid Cross
· The reason why Mendel chose to study the inheritance of multiple traits was to determine whether the inheritance of one characteristic influenced the inheritance of a different characteristic.

· He followed a procedure which was very similar to his first experiment.  First, he produced plants which were purebred for the traits which he wanted to examine. Next, he performed a dihybrid cross in which he crossed two plants that differed in two traits.  He obtained the F1 generation which were hybrid or heterozygous for both traits.  He then crossed two of the F1 plants and obtained his F2  generation.  The F2 plants gave a phenotypic ratio of  9:3:3:1.

· See Fig. 16.12, P. 536 and Fig. 16.13, P. 537.

Law Of Independent Assortment
· Mendel stated that the ratio of  9:3:3:1 was obtained because the alleles from one trait were inherited independently of the alleles of the other trait.  From this he proposed the Law Of Independent Assortment.

· This law states that the inheritance of the alleles for one trait does not affect the inheritance of the alleles for another trait.

· Due to the independent assortment of alleles, the offspring may have new combinations of alleles which were not present in either of the parents.

· Do Sample Problem, P. 540.

Beyond Mendel’s Laws
· From his studies, Mendel found traits were either dominant or recessive.  If the dominant and recessive traits occurred together, the dominant form prevented the recessive form from being expressed.

· However, there are times when the dominant form of a trait does not completely dominant over the recessive form.

· This includes ;

· Incomplete Dominance

· Co-dominance

Incomplete Dominance
· In some traits, neither of a traits alleles is dominant.  Instead, there is a blending of the two alleles and this is called incomplete dominance.

· This occurs commonly in plants.

· Ex: Snapdragon flowers, See Fig. 16.15, P. 541.

RR = red flowers

R’R’ = white flowers

RR’ = pink flowers

Co - dominance
· In this situation, both alleles for a trait are dominant. 

· Since both traits are dominant, both are expressed in a heterozygous individual.  We call this dominant.

· Ex: Feather color in chickens.

BB = Black feathers

WW = White feathers

BW = Black and white feathers

Multiple Alleles
· Most genes have only two forms or alleles.  However, some genes have more than two alleles and these are called multiple alleles.

· Human blood type is an example of multiple alleles.

· There are three alleles for human blood type ;

A  ----> IA
B  ----> IB
             O ----> i

· A person has only two of the three possible alleles.

· Both IA and IB are dominant over i.  However, when IA and IB occur together they are codominant.

· Based on these three alleles there are four possible blood types.  See Table 16.1, P. 542.

· Do Sample Problem, P. 542.

Pedigree
· When studying  human genetic inheritance it is not possible to perform experimental crosses.

· Because of this, human geneticists use data such as medical, historical, and family records which provide information on different generations of humans.  

· Using this information, they create a diagram called a pedigree.  This diagram shows the genetic relationships among a group of related individuals.

· See Fig. 16.17, P. 544.

Section 16.3 – Chromosomes & Heredity
· When Mendel did his experiments with pea plants, he did not know that chromosomes existed in cells.

· In the early 1900s, chromosomes were discovered and observed in cells.

The Chromosome Theory of Inheritance

· In 1902, two scientists Walter Sutton and Theodor Boveri were studying meiosis ( cell division ) and found that chromosomes behaved in a similar way to the factors ( genes ) which Mendel described.

· Sutton and Boveri made three observations ;

1. Chromosomes occur in pairs and these pairs segregate during meiosis.

2. Chromosomes align independently of each other along the equator of the cell during meiosis.

3. Each gamete ( sex cell ) receives only one chromosome from each pair.

· From the above observations, they formed the chromosome theory of inheritance.  This theory states ;

· Mendel’s factors ( genes ) are carried on chromosomes.

· The segregation and independent assortment of chromosomes during meiosis accounts for the pattern of inheritance in an organism.

Morgan’s Discoveries
· In 1910, an American scientist called Thomas Morgan made a very important discovery from his work with fruit flies.

· Normal fruit flies have red eye color.  

· Morgan crossed two red eyed parent flies and obtained a white eyed male.  In other crosses, he obtained red eyed females, red eyed males and white eyed males.  Since the white eye color was only present in the male flies, Morgan concluded that eye color was linked to an organisms sex.  Thus, the gene for eye color in fruit flies was located on the sex chromosome, in this case the X chromosome.  Such genes are called sex-linked genes.

· Morgan also stated that genes which are located on the same chromosomes are linked to each other and usually do not segregate ( separate ) when inherited.  These are called linked genes.

· However, Morgan found that some linked genes do segregate.

· From his work, Morgan created the gene-chromosome theory which states that genes exist at specific sites and are arranged in a linear fashion along chromosomes.

Sex-Linked Inheritance
· Certain traits depend on the sex of the parent which carries the trait.  The genes for these traits are located on the sex chromosomes, X or Y.

· The transmission of genes which are located on the sex chromosomes is called sex-linked inheritance.

· Genes which are located on the X chromosome are called X-linked while those on the Y chromosome are called Y-linked.  Most sex linked genes are located on the X chromosome.

· Do sex-linked trait problems on the board.

Chromosomes & Gene Expression

Chromosome Inactivation

· Males and females produce the same amounts of proteins.  This is coded by genes which are located on the X chromosome.  

· Females have two X chromosomes in their cells while males have only one X chromosome.

· From experiments, scientists have shown that one of the two female X chromosomes is inactivated and this inactivated chromosome is called a Barr body.

Polygenic Inheritance

· Most traits are controlled by one gene, however, some traits are controlled by more than one gene, this is called polygenic inheritance.

· Polygenic genes cause a range of variation in individuals called continuous variation.

· In humans, traits such as height, skin color, etc. are polygenic traits.

Modifier Genes
· Certain genes, called modifier genes, work with other genes to control the expression of a particular trait.

· In humans, modifier genes help control the trait of eye color.  In this case, modifier genes influence the level of melanin present in the human eye to provide a range of eye colors from blue to brown.

Changes In Chromosomes

Changes In Chromosome Structure
· Changes in the physical structure of chromosomes can occur ;

1. Spontaneously

2. As a result of irradiation

3. After exposure to certain chemicals

· Four such changes are ;

1. Deletions

2. Duplications

3. Inversions

4. Translocations

· In a deletion, a piece of a chromosome gets lost.  The lost piece contains genes and when they are lost, genetic information is also lost.  This can be caused by viruses, irradiation, or certain chemicals. 

Example : Cri-du-chat

· In an inversion, a piece of a chromosome separates, flips over, and rejoins.  This changes the position and order of the genes on a chromosome.  

Example : Certain forms of Autism

· In a duplication, a sequence of genes is repeated within a chromosome.  The greater the repetition of genes, the greater the chance of a problem occurring.

Example : Fragile X Syndrome

· In translocation, a piece of one chromosome changes places with a piece of another chromosome.  

Example : Cancers

 Certain forms of Down Syndrome

 One kind of leukemia

Nondisjunction

· Sometimes, chromosomes fail to separate from each other during meiosis.  This produces gametes ( sex cells ) which have either too many or too few chromosomes.

· If  a gamete which does not have the correct number of chromosomes is involved in fertilization, a zygote will be produced which has either too many or too few chromosomes ( other than 46 ).

· This creates an embryo whose cells contain either more or less than 46 chromosomes.  These embryos are usually aborted by the mother, but some survive and have genetic disorders.

· When an individual inherits an extra chromosome, the condition is called trisomy.  If an individual inherits one less chromosome, the condition is called monosomy.

· Two genetic disorders which are caused by nondisjunction are ;

· Down Syndrome

· Turner Syndrome

· Klinefelter Syndrome

Down Syndrome
· This disorder is also called trisomy 21.  This occurs when an individual receives three copies of chromosome 21 instead of the normal two.

· Individuals who have this syndrome have the following symptoms ;

· Mild to moderate mental impairment

· A large, thick tongue

· Speech defects

· A poorly developed skeleton

· Short body structure

· Thick neck

· Abnormalities in one or more vital organs

Turner Syndrome
· In this disorder, an individual inherits only a single X chromosome, as well the Y chromosome is missing.

· This results in a female with the genotype XO, O represents a missing chromosome.

· These females will exhibit a number of symptoms including ;

· Infertility

· External female genitalia, but no ovaries.

· Webbed neck

· Heart defects

· Kidney abnormalities

· Skeletal abnormalities

· Learning difficulties

· Thyroid dysfunction

Klinefelter Syndrome
· This disorder results in a male who has an extra X chromosome.

· These individuals have the genotype XXY instead of XY.

· Symptoms of this disorder include ;

· Immature male sexual organs

· Lack of facial hair

· Some breast development

Section 16.4 – Human Genetics

· The study of human genetics is a complicated field.  This is due to a number of reasons ;

1. Humans have long lifespans.

2. We produce very few offspring.

3. Most people do not keep very accurate records of 

    their family history.

· However, there are certain patterns of inheritance which scientists have determined for particular human genetic disorders.  These include ;

· Autosomal Recessive Inheritance

· Codominant Inheritance

· Autosomal Dominant Inheritance

· Incomplete Dominance

· X-linked Recessive Inheritance

Autosomal Recessive Inheritance
· An autosomal recessive disorder is carried on the autosomes ( body chromosomes ) and are not specific to the sex of a person.

· Examples include ;

· Tay-Sachs disease

· Phenylketonuria ( PKU )

· Albinism

Tay-Sachs Disease

· This is a disease in which individuals lack an enzyme in the lysosomes which are located in their brain cells.  Because of this, the lysosomes are unable to break down specific lipids.  Thus the lipids build up inside the lysosomes and eventually destroy the brain cells.

· Children with Tay-Sachs disease appear normal at birth, but experience brain and spinal cord deterioration around 8 months old. 

· By 1 year of age, the children become blind, mentally handicapped, and have little muscular activity.  Most children with their disorder die before age 5.

· There is no treatment for this disorder.

Phenylketonuria ( PKU )

· In this disorder an enzyme which converts a substance called phenylalanine to tyrosine is either absent or defective.

· Phenylalanine is an amino acid which is needed for regular growth and development and protein metabolism.  

· Tyrosine is another amino acid which is used by the body to make the pigment melanin and certain hormones.

· When phenylalanine is not broken down normally, harmful products accumulate and cause damage to the individual’s nervous system.  This is called phenylketonuria ( PKU ).

· Babies who develop PKU appear normal at birth.  However, within a few months they can become mentally handicapped.

· Today, testing an proper diet can prevent PKU from occurring in children.

Albinism
· This is a genetic disorder in which the eyes, skin and hair have no pigment.

· People with this disorder either lack the enzyme necessary to produce the  melanin pigment in their cells or lack the ability to get the enzyme to enter the pigmented cells.

· Albinos face a high risk of sunburns and eye damage from exposure to the Sun.

Codominant Inheritance

· An example of codominant inheritance is sickle cell anemia.  In this disorder, individuals have a defect in the hemoglobin of their RBCs and therefore the shape of the RBC changes from a normal round shape to an abnormal sickle shape. { See Fig. 16.33, P. 557 }

· Symptoms of this disorder include ;

· Blood clots

· Reduced blood flow to vital organs

· Lack of energy

· Suffering from various illnesses

· Constant pain

· Premature death

· In this trait, individuals can be either normal, have sickle cell disease, or carry the sickle cell trait.

· Individuals who are heterozygous for the disorder have what is called heterozygous advantage.  These individuals will carry one sickle cell allele as well as one normal allele for the trait, but have a better chance of survival than those individuals who carry two sickle cell alleles. { See Fig. 16.34, P. 557 }

Autosomal Dominant Inheritance

· Genetic disorders which are caused by autosomal dominant alleles are very rare in humans, but they do exist.  

· Some of these disorders are caused by chance mutations.  Others arise only after individuals have passed their child bearing age.

· Two examples of this type of disorder are ;

· Progeria

· Huntington’s disease

Progeria
· This is a rare disorder which causes a person to age very rapidly.

· It affects only 1 / 8,000,000 newborns.

· This disorder results from a random, spontaneous mutation of a gene.  

· The mutated gene dominates the normal gene and this accelerated the ageing of an individual.

Huntington’s Disease
· This is a lethal disorder in which the brain progressively deteriorates over a period of about 15 years. 

· It begins to appear after the age of 35.

· Symptoms include ;

· Early symptoms include ;

· irritability, 

· mild memory loss, 

· involuntary arm and leg movements.

· Later symptoms include ;

· Loss of muscular coordination

· Loss of memory

· Loss of speech

· Death in the forties or fifties

Incomplete Dominance
· In this situation an individual which a disorder exhibits a phenotype which is midway between the dominant and recessive traits.

· An example of this type of disorder is Familial Hypercholesterolemia ( FH ).

· Normal cells have surface receptors which absorb low-density lipoproteins ( LDLs ) from the blood.

· Individuals who have the FH disorder have cells which only have half the normal number of LDL receptors on their surface.  

· Thus, the LDL molecules do not get absorbed from the blood and the individual has a high level of cholesterol in his / her blood.

· This increased cholesterol level can build up on the walls of arteries and cause atherosclerosis which leads to heart attacks and strokes.

X - Linked Recessive Inheritance
· These types of disorders occur from genes which are located on the X chromosome.

· Disorders of this type are due to the recessive form of the gene and only occurs if there is no dominant form of the gene present.

· An example is a disorder called red-green colour blindness.  Here, an individual is unable to distinguish between the colors red and green.

· About 8% of men and 0.04% of women suffer from this disorder.

· Do colorblindness problems on the board.

Human Genetic Analysis
· Geneticists are able to analyze the patterns of human inheritance using two methods ;

· Examination of karyotypes

· Construction of pedigrees

The Human Karyotype

· Within our body cells, humans normally possess 46 chromosomes.  44 of these are autosomes ( body chromosomes ) and 2 are sex chromosomes.

· A karyotype is a photograph of the chromosomes which are located in the nucleus of a somatic cell ( body cell ).

· Once a photograph has been taken of the chromosomes in a cell’s nucleus, they are cut out and arranged in pairs according to their size, shape, and appearance.

· By observing the karyotype, disorders may become apparent.

{ See Fig. 16.37, P. 560 }

Constructing Pedigrees 

· A pedigree is a chart which shows the genetic relationships between individuals in a family.

· Using a pedigree chart and Mendelian genetics, scientists can determine whether an allele ( gene ) which is responsible for a given condition is dominant, recessive, autosomal, sex-linked, etc. 

· A pedigree can also be used to predict whether an individual will inherit a particular genetic disorder.

· An example of such a disorder is hemophilia.  This is a disorder in which a person’s blood lacks certain clotting factors, thus the blood will not clot.  Because of this, a small cut or bruise may kill an individual.


