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UNIT 3: Part B
Genetic Continuity


Scientific Discoveries Leading to Molecular Genetics

Textbook Reference: Sections 17.1 and 17.2
The following is a description of how each of the following scientists contributed to a better understanding of the structure and function of molecular genetics:

1853-1861-Gregor Mendel

Gregor Mendel used the scientific process to lay the foundation for the science of genetics through his study of pea plants.   The “factors” described by Mendel were later called genes.  Formulated the Law of Dominance, Law of Segregation and Law of Independent Assortment

1902- Walter Sutton and Theodor Boveri
· observed the formation of sperm in a grasshopper and observed homologous pairs of chromosomes in diploid cells.  

· observed the separation of the homologous pairs of chromosomes during spermatogenesis.  

· realized that the chromosomes that separated during meiosis were the same as the chromosomes that united in fertilization. 

· hypothesized that the “factors” of Mendel’s Theory were carried on chromosomes.

· hypothesized that each chromosome contains many genes. 

1920’s - P.A. Levine
· Biochemist who discovered the chemical analysis of DNA and RNA
· Discovered that DNA is made up of the following chemical groups:
· 5 carbon sugar called deoxyribose

· a phosphate group

· 4 nitrogenous bases (purines: adenine and guanine/ pyrimidines: cytosine and thymine)

· Discovered the basic unit of DNA (nucleotide) to consist of deoxyribose, phosphate group and 1 nitrogenous base.  Many nucleotides make up a single DNA molecule.  Phosphate groups and sugar molecule make up the backbone and nitrogenous bases stick out like teeth on a zipper

· Uracil replaced thymine in RNA

· Incorrectly concluded that nucleic acids contained equal amounts of nucleotides and that nucleotides repeated the same patterns, Scientists believed that DNA could not be the material for heredity but that instructions must lie in proteins

1928 – Frederick Griffith
Griffith injected mice with smooth and rough strains of Pneumococcus bacteria.  The smooth strains would kill the mice where as the rough would not kill the mice.  If the mouse was injected with heat-killed smooth bacteria, the mouse would live.  If the mouse was injected with a mixture of heat-killed smooth bacteria and live rough bacteria, the mouse would die.  Smooth bacteria were removed from the mice.

Griffith was unable to explain his results because the connection between DNA and protein was not yet established.  Griffith realized that there was something in the smooth strain not destroyed by heat (DNA) that could transform reproducing rough bacteria to smooth bacteria.  (Figure 17.6 on page 570).  Griffiths died in an air raid in WWII before he could demonstrate that the transforming principle was DNA.
1940s – Oswald Avery, Colin MacLeod, and Maclyn McCarty

· Identified DNA as the transforming material in Griffith’s experiment.  Many scientists remained unconvinced that DNA was the genetic substance.  Many believed that protein carried the hereditary information.

· In their experiment, they removed DNA from the smooth bacteria and added it to the cell culture of rough bacteria.  They discovered that a number of smooth bacteria were produced.

· Transformation did occur when protein in bacteria was destroyed.

· Transformation did occur when RNA in bacteria was destroyed.

· Transformation did not occur when DNA in bacteria was destroyed.

1940’s – Erwin Chargoff
· Discovered that the nitrogen base ratio was related to the genetic code.  The number of adenine bases equals the number of thymine bases.  The number of guanine bases equals the number of cytosine- Chargaff’s Rule
· Nucleotide composition varies from one species to another

· Nucleotide composition constant within the same species

1950-51 – Rosalind Franklin and Maurice Wilkins
· Bombarded DNA with x-rays and discovered (on a screen) that the pattern of repeating structures (nucleotides appeared.

· These repeating units were arranged in the form of a helix.  The helix is the shape of a coiled spring

· Important work in understanding the structure of DNA

· Hydrophobic nitrogeneous bases on inside

· Hydrophilic sugar-phosphate backbone on outside

1952 – Alfred Hershey and Martha Chase
· Confirmed Avery’s belief that DNA is transforming material

· Conducted experiments on bacteriophages.  Bacteriophages are viruses made up of a DNA core surrounded by a protein coat.  They attack bacterial cells

· Wanted to know if the entire phage or just the protein or DNA entered an reproduced in the bacterial cell

· Tagged the DNA with radioactive phosphorous and tagged protein with radioactive sulphur

· The bacterial cells showed radioactive DNA (Figure 17.8 page 571)

1953 –64 – Francis Crick and James Watson

· Discovered the structure of DNA and the DNA code
· DNA is a double helix.  The two chains of sugar and phosphate groups run parallel.  Pairs of bases link the chains together like rungs of a ladder.  This ladder will then twist and coil.
· Adenine joins with thymine.  Cytosine joins with guanine.  This explains Chargoff’s results of equal ratios.  A strand of DNA with base sequence T-A-G-C-A-T would be paired with a complementary strand sequence of A-T-C-G-T-A.  This explains how DNA replication occurs.  
· Also discovered how DNA carried the instructions for building proteins.  DNA determines the sequence of amino acids in a protein.  Proposed that 3 nucleotides of DNA codes for one amino acids.
The DNA Nucleotide

The typical DNA nucleotide is composed of three main parts: the 5 carbon sugar deoxyribose, a phosphate group and 1 of the four nitrogenous bases (purines: adenine and guanine/ pyrimidines: cytosine and thymine)

	Draw Figure 17.4 from page 659:




The DNA Molecule

The DNA molecule is a twisted and coiled double helix. The two chains of sugar and phosphate groups run parallel.  Pairs of bases link the chains together like rungs of a ladder.  Human DNA is about 4 cm long, if stretched.

	Draw the structure of DNA from figure 17.12 on page 574




The RNA Molecule

RNA is single stranded, the sugar is ribose and uracil replaces thymine as a nitrogenous base.  The shape of RNA is not a helix. The shape varies between each particular type of RNA.

Terms

Nucleus: The location of DNA and the site of replication.

Nucleolus: A granular body found in the nucleus that is the location of ribosomal synthesis.

Chromosomes:  Made up of DNA and proteins.  Evident during cellular reproduction.
Chromatin:  Made up of DNA and proteins and is the material that makes up chromosomes.  The threads in the nucleus are usually referred to as chromosomes and the material that comprises chromosomes is usually referred to as chromatin.

Genes: Specific segments of DNA that are responsible for the making of a particular polypeptide.

DNA:  The portion of a chromosome that carries the code for protein synthesis.  Every three nucleotides codes for one amino acid in a protein

RNA: Coded for by DNA, acts as a messenger to carry the DNA code to ribosomes where proteins are synthesized.

More on the DNA Molecule

The two strands of DNA that makeup each double helix are not identical but rather are complementary.  For example, adenine bonds with thymine and cytosine bonds with guanine.  This is because purines (adenine and guanine) have a double ring structure and pyrimidines (cytosine and thymine) have a single ring structure.  This means that when a purine bonds with a pyrimidine they would have a constant total width of 3 rings. Hydrogen bonding between adenine and thymine and between cytosine and guanine also ensure they match
	Draw Figure 17.13 on page 575.




Figure 17.13 also shows how the strands of the DNA molecule are antiparallel.  They are antiparallel in that the phosphate bridges run in opposite directions in each strand.  This means that the end of each double-stranded molecule contains the 5' end of one strand and the 3' end of the other strand.  This has important implications for DNA replication and protein synthesis.
DNA Replication

Textbook Reference: Section 17.3

The formation of a multicellular organism from a single zygote is a miraculous one.  In humans, during the 240-day gestation period the trillions of cells that are produced become differentiated, that is they develop into specialized tissues and organisms of the complex human being.  In order for this miracle to be successful and produce a viable human being, two conditions must be met:  

1.  The genome - the sum of all the DNA carried in an organism’s cells - must be copied quickly,

2.   and it must be copied accurately.

The structural features of DNA and the action of a certain set of enzymes is responsible for this speed and accuracy of the process of DNA replication.

The Process of Replication
During DNA replication, two molecules of DNA are made from one.  The replication follows a semi-conservative model (as shown in fig. 17.19 of your p. 582 of text).  This means that when a molecule of DNA is copied, each new molecule contains one strand of parental DNA and one strand of new DNA.

The 3 stages of DNA replication are:

1.  Initiation-when a portion of the double helix is unwound

2.  Elongation-when two new strands of DNA are assembled

3.  Termination-when the new DNA molecules re-form into helices

NOTE: all of these stages may be happening simultaneously on the same DNA molecule.

DNA replication is followed by a process called proofreading and correction.

Stage 1: Initiation
Replication begins at the replication origin - a specific nucleotide sequence that codes for replication.  A group of enzymes recognize this nucleotide sequence, bind to the DNA at the origin and separate the two strands to open a replication bubble.  Then molecules of the enzyme DNA polymerase move into the space between the two strands.  Using the parent strands as a template, the polymerase molecules begin to add new nucleotides one at a time to create a new strand that is complementary to the existing template strand.  

The DNA strand must be unwound from its helical shape in order for the individual chains of nucleotides to be exposed and serve as templates for the new strands.  Replication forks are the points at which the DNA helix is unwound and new strands develop.  One replication fork is found at each end of a replication bubble.  Helicases are a set of enzymes that cleave and unravel short segments of DNA just ahead of the replication fork.  

Replication is initiated (i.e. begins) at hundreds or even thousands of replication origins at any one time.  Replication continues until all the replication bubbles have met and the two new DNA molecules separate from each other.  See figure 17.21 on p. 583 of your text.

Stage 2: Elongation
DNA polymerase also has an important role in catalyzing the elongation of DNA molecules.  It attaches new nucleotides only to the 3' end of a pre-existing chain of nucleotides.  This means two things:

1. Replication can only take place in the 5' to 3' direction.

2. A short strand of RNA known as a primer must be available to serve as a starting point for the attachment of new nucleotides.

This seems to contradict the explanation in stage 1: initiation that replication proceeds in both directions simultaneously along the DNA template strand.  However, this is actually what does happen.  How can we explain this?  

The discovery of Okazaki fragments by a Japanese scientist, Reiji Okazaki in the late 1960's. Okazaki discovered that during replication, much of the newly-formed DNA could be found in short fragments of a few hundred nucleotides (in eukaryotes).  They became known as Okazaki fragments, and they occur during the elongation of the daughter DNA strand that must be built in the 3' to 5' direction.   

As illustrated in figure 17.22 in your text, replication takes place in a slightly different way along each strand of the parent DNA.  

One strand is replicated continuously in the 5' to 3' direction, with the steady addition of nucleotides along the daughter strand.  On this strand, elongation proceeds in the same direction as the movement of the replication fork.  This strand is called the leading strand.

The other strand is manufactured more slowly than the leading strand, and is therefore called the lagging strand.  This happens because this strand is first made in short pieces, in which DNA polymerase adds nucleotides, thereby building Okazaki fragments, in the 5' to 3' direction.  The fragments are then spliced together by the enzyme DNA ligase, which catalyzes the formation of phosphate bonds between nucleotides.  The resulting daughter strand of DNA still ends up being manufactured in the same direction as the movement of the replication fork.  See also figure 17.23 of text.

Draw Figure 17.22 on p. 584
What is the mechanism that establishes an initial chain of nucleotides that can serve as a starting point for the elongation of a daughter DNA strand?

It is a short strand of RNA, made up of a few nucleotides with a base sequence complementary to the DNA template, which serves as a primer for DNA synthesis.  An enzyme called primase is required to form this primer.  Once the primer has been constructed, DNA polymerase extends the fragment by adding DNA nucleotides.  A second molecule of DNA polymerase later replaces the RNA nucleotides with  DNA nucleotides. Then DNA ligase binds the two Okazaki fragments.

On the leading strand, only one primer has to be constructed.  On the lagging strand, however, a new primer has to be made for each Okazaki fragment.

Draw Figure 17.23 on p. 585

Stage 3: Termination
Once the newly-formed strands are complete, the daughter DNA molecules rewind automatically in order to regain their chemically stable helical structure.  This creates a problem at each end of a linear chromosome (as in eukaryotes). See figure 17.24 of your text.

Once the RNA primer has been removed from the 5' end of each daughter strand, there is no adjacent fragment onto which new DNA nucleotides can be added to fill the gap.  The result is that each daughter molecule is slightly shorter than its parent template.  With each replication, more DNA is lost.  Human cells lose about 100 base pairs from the ends of each chromosome with each replication. 
This loss of genetic material would prove disastrous for the cell, except for the presence of special regions at the end of each chromosome in eukaryotes, called telomeres - stretches of highly repetitive nucleotide sequences, typically rich in G nucleotides, which do not direct cell development.  Instead, their erosion will each cell division helps to protect against the loss of other, important genetic material.

In human cells, telomeres are composed of the sequence TTAGGG repeated several thousand times.  The erosion of the telomeres leads is related to the death of the cell.
Draw Figure 17.24 on p. 585

Proofreading and Correction
DNA polymerase is also involved in ensuring the accuracy of replication.  After each nucleotide is added to a new DNA strand, DNA polymerase can recognize whether or not hydrogen bonding is taking place between base pairs.  The absence of hydrogen bonding indicates a mismatch between the bases.  When this occurs, the polymerase excises (removes) the incorrect base from the new strand and then adds the correct nucleotide using the parent strand as a template.  This double check brings the accuracy of the replication process to a factor of about one error per billion base pairs.

In total, the process of DNA replication involves the action of dozens of different enzymes and other proteins.  These substances work closely together in a complex known as a replication machine.

Copy table 17.1 on p. 587 of text for the key enzymes involved in DNA replication.

	Enzyme group
	Function

	
	

	
	

	
	

	
	


Importance of DNA replication to cell division and the continuity of life
DNA replication occur during mitosis and meiosis and must ensure that the daughter cell receive the exact duplicates of the genetic information.  Mistakes in the DNA code are very damaging because DNA guides the entire functioning of the cell.  DNA will produce proteins using RNA.  These proteins are the main structural components of the cell and are other important molecules such as enzymes, antibodies and hormones.

Draw figure 17.25 on p. 588 of text
Gene Expression 

Textbook Reference: Section 17.4

How does DNA code genetic information?
Crick and Watson made the connection between how proteins have a sequence of amino acids and the DNA has a sequence of nucleotides.  They also knew that proteins are the major building blocks of cells and are involved in cell metabolism. Some examples of proteins include keratin, hemoglobin, enzymes, antibodies and hormones

Every three nucleotides of a DNA molecule (triplet) helps to code for one amino acid. DNA molecules therefore are used to code for polypeptides (proteins). 

There are 20 different amino acids but only four different nucleotides.  From a two letter code (42), there are 16 different bases.  From a three letter code, there are 64 different bases.  Most amino acids are specified by more than one code word.

A gene is made up of many nucleotides, consisting of triplets that code for a particular amino acid.  The gene will also contain codes for punctuation – to say where a polypeptide begins and ends.  Examine Table 17.2 on page 590
Gene expression consists of two steps:

1. Transcription: the information from the DNA molecule is copied onto a messenger RNA molecule in the nucleus

2. Translation: the mRNA molecules moves out of the nucleus into the cytoplasm.  It attaches to a ribosome and directs the formation of a protein using transfer RNA.

PROTEIN SYNTHESIS

Genes are found in the nucleus but proteins are synthesized on ribosomes in the cytoplasm.  DNA provides the code for protein synthesis but RNA initiates and completes protein synthesis.  There are three (3) types of RNA involved in protein synthesis:

a. Messenger RNA (mRNA):  DNA transfers the blueprint for a protein to mRNA (transcription) and then mRNA carries these instructions out of the nucleus to the ribosome in the cytoplasm.  

b. Transfer RNA (tRNA):  This is found in the cytoplasm and takes free amino acids in the cytoplasm to the ribosome.

c. Ribosomal RNA (rRNA):  This makes up part of the ribosome as well as protein.  It is thought that rRNA is involved in the bonding of amino acids to form protein chains.  The rRNA is formed in the nucleoli of the cell.

Transcription

Transcription is the process in which the DNA code is copied to the mRNA.  A particular sequence of nucleotides on the DNA molecule tells an enzyme called RNA polymerase where to bind and begin transcription. Enzymes (RNA polymerases) unzip the portion of DNA needed to make the protein.  Only a short section of the DNA strand is opened at a time and the elongating mRNA strand separates and trails behind the RNA polymerase. Also, only the sense side of the DNA is transcribed.  The antisense strand may be involved in the stopping of the sense strand.  

RNA polymerase catalyses the free RNA nucleotides to join to the sense strand according to their complementary bases.  (Remember that uracil bonds instead of thymine).  This works in the 5' to 3' direction. Enzymes will catalyse the bonding of phosphate groups to sugar groups.

Transcription stops when the terminator is reached on the DNA strand.  The mRNA detaches from the DNA molecule. See Figure 17.28 on p.591
The messenger RNA will undergo some further processing before leaving the nucleus.  The mRNA leaves through a nuclear pore and travels to a ribosome.

Each group of three bases on a mRNA is called a codon and specifies for a particular amino acid.  A codon that signals the beginning of a protein is called the initiation codon.  A termination codon signals the end of protein synthesis. 
Translation

Translation is the process whereby the protein is produced from mRNA.  The mRNA reaches the ribosome.  The ribosome moves along the RNA until it reaches the initiation codon (ie.AUG - methionine) and attaches to the initiation codon and the next adjacent codon.

Amino acids are brought to the ribosome through tRNA.  The tRNA is a looped structure.  One loop contains three nucleotides called the anticodon.  The anticodon determines which amino acid the tRNA will carry.  The anticodon is complementary to the codon of the RNA.

The anticodon bonds to the initiation codon of the mRNA.  The anticodon of the next transfer RNA bonds alongside.  Enzymes catalyse the formation of a peptide bond between the two amino acids.  The rRNA may also be involved in the formation of peptide bonds.  The first tRNA is released and the ribosome moves down one codon.

The tRNA will attach to the next site and the bonding process is repeated until a termination codon is reached.  The termination codon on the mRNA determines the end of protein synthesis and the protein chain is released from the ribosome.  Refer to Figure 17.29 on p. 593
Hormonal and Environmental Factors on Gene Expression

Textbook Reference: Section 17.4, Pgs. 594-96
What is the role of the environment in gene expression?
Some environmental factors can switch genes “on” or “off”.  They may include: light, changes in temperature and diet.  As a result, certain proteins may or may not be produced to express a particular phenotype. Some effects of the environment on genes expression may include are differences in:

a. Identical Twins: Since identical twins have the same genotype, differences may be attributed to the environment.  Differences may appear in intelligence, personality and skills.

b. The shape of the wings in fruit flies may be attributed to temperature.

c. Color of Fur in Himalayan Rabbits due to temperature: The rabbit has mostly white fur.  When the body temperature falls below 33 (C the gene that produces black pigment is turned on.

d. Sex of offspring in reptiles due to incubation period:  In painted turtle, high incubation temperature produces more females while low incubation temperatures produces more males

e. Color of Arctic Fox:  These fox are white in the winter but as the temperature warms it triggers the synthesis of polypeptides that produce a brown pigment in the fur.

f. Male Slipper Limpet:  The male can turn into a female when surrounded by othermales

g. Many animals can change color or grow thicker fur in the winter

h. Warm temperatures can cause plants to germinate and cool temperatures can cause them to be dormant

i. Bright lights can trigger proteins that cause wakefulness in animals

j. Bright lights can triggers proteins involved in photosynthesis in plants

k. Presence or absence of nutrients in the Environment:  E. coli can produce more lactose when in the presence of high amounts of lactose in the environment.  On the contrary, they can produce less tryptophan when there are high amounts in their environment.

l. Development genes are switched on and off in green plants

m. A person may possess a genotype to be tall but their full height may not be obtained if they have a poor diet or smoke.

Gene Expression in Development

Different genes must be active in different stages of an organism’s life cycle.  (For example, the development of secondary sex characteristics in humans).  Development may involve the production of different enzymes or hormones.

Homeobox genes or hox genes in humans are responsible for development by switching other genes on or off.  They operate by producing a protein that affects transcription.  Oncogenes are genes that cause some kinds of cancers.  They are normally switched off.

Mutations

Textbook References: Section 17.4, pgs. 596-601, Section 16.3, pgs. 550-53, Section 16.4. pgs. 555-559
A mutation is an error or change in the replication of the genetic material (DNA) that becomes a part of the genotype of the cells and its dependents.  A mutation may have no real effect, it may be detrimental or it may be beneficial to an organism and its decendents.

Causes of Mutations
a. There is no known cause for natural or spontaneous mutations.  They may be a result of random errors in the replication of DNA.

b. Mutagens are factors in the environment that cause mutations.  Examples of some mutagens may include:

(i) Radiation from x-rays or UV light

(ii) Chemicals such as chloroform, mustard gas, benzene, formaldehyde, pesticides, weed killers, and food additives

(iii) High temperature

(iv) Viruses

Types of Mutations
a. Somatic Mutations:  Occur in somatic cells (body cells) and they can not be passed on to the offspring.  (mitosis)

b. Germ Mutations:  Occur during meiosis (gamete production) and thus such mutations can be passed on to the offspring.

c. Chromosomal Mutations:  May occur in the somatic or germ cells.  This is a mutation to all or part of a chromosome or may cause a change in the number of chromosomes.

d. Gene Mutation:  May occur in somatic or germ cells.  This is a change in the gene on a chromosome.

Types of Chromosomal Mutations (page 550, Figure 16.27)

a. Deletion: Occurs when a piece of chromosome breaks off, resulting in the loss of some genes.  For example, “cri du chat” syndrome is a deletion in the fifth largest chromosome.

b. Duplication:  (Addition)  This is when a piece of chromosome breaks off and attaches to a homologous chromosome.  The homologous chromosome will have some genes repeated.  In fragile X syndrome in males, there are 700 repeats.

c. Inversion:  This occurs when a piece of chromosome is rotated and thus reverses the order of the genes in that segment.  Some genes participate in a common function.  If these genes are separated by an inversion, they may not be able to function properly.  This is believed to be the cause of some forms of autism.

d. Translocation:  This is the transfer of a part of a chromosome to a non-homologous chromosome.  This can explain some forms of cancer such as leukemia and some forms of Down’s syndrome.

e. Nondisjunction:  This is the addition or loss of a whole chromosome and occurs during meiosis.  In this case homologous chromosomes or sister chromatids stay together.  Trisomy is the condition in which a cell has one extra chromosome.  If a cell is missing one chromosome, the condition is known as monsomy.  Monosomy is usually lethal.  Why? (Because the cell lacks genetic material)

Conditions caused by nondisjunction in humans include: Down’s syndrome (trisomy 21), Turner’s syndrome (XO), and Klinefelters syndrome (XYY).

f. Polyploidy:  The condition that results in an organism having an extra set of chromosomes.  This occurs when a nucleus does not undergo the second meiotic division.  The gametes become 2n instead of n.  The zygote becomes 3n.  This is common in plants but lethal in animals.

Types of Gene Mutations

Gene mutations may change the particular amino acid the triplet represents and thereby changing the overall shape and function of a protein.  ie. sickle-cell anemia 

Point Mutations:  May involve the substitution of one nucleotide for another, or the insertion or deletion of one or more nucleotides.  There are two types of point mutations:

a. Substitution:  A mutation in which one base replaces another in the DNA chain.

The old dog ran and the fox did too

The old hog ran and the fox did too
· Silent:  has no effect on the cell’s metabolism

· Mis-sense: creates a slightly altered but functional protein: may be harmful or beneficial

· Nonsense: the gene is unable to code for any functional protein: severe consequences

b. Frame-shift mutation: A mutation in which a base deletion or base insertion causes the gene’s message to be translated incorrectly.

· Base Insertion:  A mutation in which an extra nucleotide base is added to the DNA sequence.  The entire message may be translated incorrctly.

The old dog ran and the fox did too

The old dog ran tan dth efo xdi dto o

· Base Deletion: A mutation in which a nucleotide base is lost from the DNA sequence.  Again the entire message may be translated incorrectly.

The old dog ran and the fox did too

The old dog rna ndt hef oxd idt oo

Jumping Genes
Most genes have a specific location on the chromosome.  A geneticist named Barbara  McClintock discovered genes that can move from position to position on a chromosome or move from chromosome to chromosome.  They are called “jumping genes” or transposons.  Jumping genes are considered to be a form of mutation and another source of genetic variation.  Jumping genes explain the random pattern of colors in the kernel of Indian corn. It can also explain the development of new species.

Human Genetic Diseases
Sometimes there are serious errors in our genetic code and these can give us the blueprint for genetic disease.  When we have a serious genetic error, there are three primary ways that the error can be inherited (passed from generation to generation).  These three patterns of inheritance are: sex-linked, dominant (includes codominant and incomplete) and recessive.  

SEX LINKED DISORDERS
Sex-linked genetic disease occurs due to errors in the 23 pair of chromosomes (the sex chromosomes).  These genetic diseases occur only in males.  They do not occur in females because the homolog carries the same trait as its partner.  Since males have an XY sex chromosome combination, they are vulnerable to defects on the arm of the X which lacks a homolog.  In females, any defect here will be compensated by the other X.  Since males get a Y, there is no compensation.  Although the defective gene is carried by the female, females do not develop the disease, but are carriers for the disease.  Some sex-linked genetic diseases are:

a. hemophilia--a disease in which the blood has less than 1% of the normal clotting factor.  

b. color-blindness--in red-green color-blindness, the most common form of color-blindness, reds and greens are seen as grey.

c. Lesch-Nyhan syndrome--occurs once in every 10,000 live births.  The male child appears normal at first, but after about two months they become abnormally irritable.  By two years of age, self-mutilation begins, such as lip biting, finger chewing, teeth grinding, and head-banging.  Death occurs in early childhood due to kidney failure and brain deterioration.

d. Muscular Dystrophy: There is slow but progressive degeneration of muscle fibres. In Duchenne’s muscular dystrophy, individuals are unable to walk by age 12 and normally die in their teenage years through a chest infection or heart failure.  Usually below average intelligence.

DOMINANCE
In the dominant pattern of inheritance one bad gene from either parent will cause the genetic disease.  Since only one bad gene causes the disease, if either parent has the disease the chance of the child inheriting the bad gene and developing the disease is 50% with each conception.  An example of a dominant genetic disease is Huntington's Disease.  Huntington's is sometimes called Huntington's Chorea or St.Vitus Dance.  "Chorea," as in choreograph, is the Greek word for dance.  It is called this because the disease produces involuntary twitching and other involuntary movements.  Huntington's usually has its onset when a person is in their forties.  It is characterized by a deterioration of parts of the central nervous system which affect both muscle control and behavior.  
Progeria is rare disorder that results in accelerated aging.  It is a random and spontaneous mutation of one gene that is dominant over its normal partner.

CODOMINANCE  (Must have two dominant alleles)
Sickle-cell disease--a disease which effects people whose ancestors once inhabited any part of the earth where malaria is a high risk.  In sickle-cell disease some of their hemoglobin is abnormal and these red blood cells take on a sickle-like shape.  The sickle-shaped red blood cells clog the capillaries so that cells cannot get needed oxygen and nutrition.  Some people with sickle-cell disease suffer year round.  However, others have only crisis periods which are more common in spring and fall than other times of the year.  Sickle-cell disease is treated by blood transfusions, pain killers and chemicals which increase the oxygen carrying capacity of the blood.  Many people with the trait for sickle-cell appear to be immune to certain types of malaria.  The sickle-cell trait can be detected by a blood test.

INCOMPLETE DOMINANCE
Familial hypercholesterolemia (FH):  A phenotype is exhibited midway between the dominant and recessive traits.  These individuals do not contain as many LDL receptors to bind with LDL’s in the bloodstream.  Less LDL’s can be taken up by cells and build up in the artery walls leading to atherosclerosis.  Heterozygous individuals often have heart attacks by age 35.  Homozygous recessive individuals have heart attacks by the age of two.

RECESSIVE
To develop a recessive genetic disease both parents must contribute the same defective gene.  The parents usually don't have the disease, but carry one defective gene and are carriers for the disease.

For a child born of parents who are carriers for a recessive genetic disease, the child has these genetic probabilities:

a. a 1/4 chance of inheriting neither defective gene.  If they inherit neither defective gene they will never develop the disease and they will not be carriers of the disease.

b. chance of inheriting only one bad gene.  If they inherit only one bad gene, they will never develop the disease, but they will be carriers for the disease.

c.   1/4 chance, the losing chance, of inheriting both bad genes and developing the diseases

Some autosomal recessive genetic diseases are :  

a. cystic fibrosis--a disease that affects various glands, such as mucus, salivary and sweat glands.  It is diagnosed by the sweat test.  Over-active mucus glands give these people chronic respiratory problems.  Death usually occurs in early twenties unless treated with lung transplants.

b. phenylketonuria (PKU)--a disease of metabolism in which the child cannot metabolize phenylalanine--an amino acid.  To control the effects of the disease they must avoid this amino acid in their diet.  Since phenylalanine is in aspartame (NutraSweet), warning labels appear on soft drinks which are sweetened with this product.   If ignored, they can become severely intellectually disabled within months.  Infants are routinely tested for PKU.

c. Tay-Sachs disease--a recessive genetic disease in which the child cannot metabolize a certain lipid (fat).  These lipids encase the CNS and prevent the brain from expanding. They become blind and intellectually disabled. Death occurs in early childhood.

CHROMOSOMAL DISORDERS
a. Klinefelter's Syndrome—occurs when the male child receives an XXY sex chromosome combination instead of the normal XY.  It is known as a form of trisomy 23. About one of every 500 males has an extra X chromosome but many don't have any symptoms. Klinefelter's results in impaired sexual development since their testicles are small and do not produce normal amounts of testosterone.  Klinefelter's boys may have an incomplete puberty and a child-like appearance. They may not grow facial hair and may show some breast development. Klinefelter's may be accompanied by cognitive disability.

b. Turner's Syndrome--occurs when the female child receives only a single X sex chromosome (monosomy 23). The most common feature of Turner syndrome is short stature. Typically the ovaries develop normally at first, but egg cells usually die prematurely and most ovarian tissue degenerates before birth. Some may receive hormone therapy for puberty to occur and most are infertile. However, a small percentage do retain normal ovarian function. About 30 percent have a webbed neck, skeletal abnormalities, or kidney problems. One third to one half of individuals are born with a heart defect. Intelligence is typically normal. 
c. XYY condition or Jacobs syndrome--a form of trisomy 23 that occurs only in males.  In the past, XYY males were called "super males," because they are abnormally tall, abnormally strong and abnormally aggressive.  It is a genetic condition that is believed to predispose criminal behavior.  XYY males often have sub-normal intellect. 

d. Down's Syndrome--  also known as trisomy 21, is caused by the presence of all or part of a third copy of chromosome 21. It affects either sex. Usually accompanied by moderate to severe cognitive disability.  They have a large head, a large nose, their eyes are spaced further apart than normal, their lips are configured different from normal, their tongue is protruding, they have white specks in the iris of the eye, their middle finger lacks a joint, and they usually breathe through their noses. They often have heart defects and are susceptible to infections.

e. Triple X syndrome --  These individuals are called metafemales.  They have limited fertility.
Detecting Genetic Disorders

Textbook Reference: Section 16.1

(i) Amniocentesis

· Cells from developing embryo become sloughed off and suspended in the amniotic fluid.  A sample of the amniotic fluid can be removed using a needle and examined (karyotyping) for genetic abnormalities.

· The cells are placed in a nutrient-rich medium and allowed to multiply for a few weeks to provide a large enough sample to be karyotyped

· This procedure can not be done prior to the fourteenth week due to risk to the fetus.

(ii) Fetoscopy

· An endoscope is inserted into a small incision in the mother’s abdomen.

· The endoscope has a camera to view the fetus and can also be used to take samples or perform operations.

· Used to remove excess fluid around the brain, provide fetal blood transfusions and collect blood samples for karyotyping or to determine blood type.
(iii) CVS (chorionic villi sampling)

· This procedure can be done as early as the ninth week of pregnancy.

· Cells are removed from chorion.  These cells are derived from the fetus.

· The cells are grown in a medium and later karyotyped
(iv) 
Karyotyping

· A cell undergoing mitosis is photographed.  The photograph is enlarged and the chromosomes are cut out and arranged in pairs to examine any abnormalities.

(v) DNA Probe: 

· Radioactive synthetic DNA is mixed with DNA from a suspected carrier.  The DNA is complementary to the known mutated gene and will pair with the human gene if it is defective.  If the person is a carrier then the human DNA will become radioactive.  Ie. sickle cell anemia, cystic fibrosis, muscular dystrophy, hemophilia, phenyketonuria.

(vi) Genetic Markers

· This is any characteristic that provides information about an organism’s genome

· A known DNA sequence that lies close to the disease causing gene is called a linked marker.  It does not affect the gene but is always found near it.  Ie. Huntington’s Disease.

· A gene-specific marker is a sequence of DNA that is part of the gene itself.  These markers always indicate the presence of the gene causing the disorder.

· Genetic markers can be detected using probes

(vii) Alphafetoprotein (AFP): 

· This protein is produced by the fetus and appears in the mother’s bloodstream.  Above normal AFP can indicate spina bifida (open spine/ water on the brain).  Below normal levels can indicate Down’s syndrome.  This test is not always reliable.

(viii) Measuring Enzyme Levels

· Those affected by Tay-Sachs Disease will show a missing enzyme.  Carriers of the disease will show lower levels of the enzyme in their blood.

Treatments of Genetic Disorders

(i) Screening and Prevention

· There are routine blood tests done at birth to determine the presence of genetic disorders.(ie.phenylketonuria)
(ii) Surgery
· Cleft palates can be fixed using reconstructive surgery
· Spina bifida can be treated by inserting a tube leading from the brain to the digestive tract so that fluid can be released and prevent mental retardation.

· Blood transfusions can be given if necessary

(iii) Environmental Control
· This can be done to minimize the effects of the symptoms.  (ie. albinos lack the pigment melanism and should limit their exposure to direct sunlight.)

(iv) Gene Therapy
· Normal or modified genes are transferred to the defective cell and enable it to properly produce the original defective protein.  This is still experimental

Genetic Counselling

Genetic counsellors study the medical histories of couples and their families and advise them of the frequency of disorders and risk factors associated with their particular case.  They will normally construct a pedigree of their family history.

Couple are considered to be of high risk if they already have a child with a genetic disorder, a family history of genetic disease and if the woman is over the age of 35.

Question:  Discuss the ethical considerations of genetic engineering and genetic counseling.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Human Genetics and Pedigree Analysis

Textbook References:  Pgs. 544, 558, 560-62

 Pedigrees: Family Trees

· One of the central tasks of the human geneticist 

· Pedigree analysis is the construction of family trees

· Family history information is often collected at major family gatherings 

· A pedigree is used to trace inheritance of a trait over several generations. 

Three primary patterns of inheritance: 

        1.autosomal recessive 

        2.autosomal dominant 

        3.sex-linked (X-chromosomal) 

 Symbols used in pedigree charts: 
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 Autosomal Recessive Pedigree
· Recessive: If neither parent has the characteristic phenotype (disease) displayed by the child, the trait is recessive. 

· Autosomal: Gene is on one of the autosomes (chromosomes 1-22). Male and female offspring equally likely to inherit trait. 
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A typical pedigree: 

Note 

· Trait can appear in offspring of related individuals 

· Parents of affected children in pedigree shown above are first cousins 
Autosomal Dominant Pedigree

· Dominant: Affected individuals can appear in every generation 

· Autosomal: Gene is on one of the autosomes (Chromosomes 1-22). Male and female offspring equally likely to inherit trait. 

A trait that appears in successive generations is normally due to a dominant allele. 
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In this pedigree, an affected father passes the trait to half of his 6 children, including 2 daughters and a son.   One of the daughters passes the same trait to one of her 3 children. 

Sex-Linked Pedigree

· X-linked: The trait is preferentially seen in males, who are hemozygous. Females are heterozygous "carriers" 

· Most X-linked traits are recessive. 
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· Color blind male (I) is father of "carrier" daughters and normal sons. 

· Carrier daughters (II) have 50% chance to have color blind sons. 

· Color blind male x carrier female can produce color blind daughters (IV) 
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(A)   
Autosomal dominant


(B)   
Autosomal recessive


(C)  
Sex-linked dominant

(D) Sex-linked recessive

What is the genotype of individual B-5?
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GMO’s and GMF’s
Textbook Reference: Section 18.3

	1. Define each of the following:

(i) GMO

(ii) GMF



	2. Describe each of the following GMO’sor GMF’s:

(i) herbicide resistant crops (corn, canola)

(ii) milk

(iii) rice

(iv) transgenic salmon

(v) insulin producing bacteria

(vi) PCB eating bacteria

(vii) Oil eating bacteria



	3. Discuss major risks associated with GMO’s and GMF’s.  Include:

(i) environmental threats

(ii) health effects

(iii) social and economic issues



	4.  Construct arguments to either support or oppose the use of GMO’s or GMF’s in     

     society.




Cloning

Textbook Reference: Section18.3, pgs. 627-630

This technology skips the meiosis stage of reproduction in which the sperm and egg meet to produce offspring non-identical to either parent.  Instead, the nucleus of an egg cell from a surrogate mother animal is removed and replaced with the diploid nucleus of the organism to be cloned.  The egg cell is implanted into the surrogate mother’s uterus.  The cell develops into the exact copy of the animal that donated it nucleus.

There are two types of human cloning:

a. Therapeutic cloning is the culturing of human cells for use in treating  medical disorders. 

b. Reproductive cloning is the development of a cloned embryo for the purpose of creating a cloned human being.

Animals that have been successfully cloned include frog, mice and sheep.  Dolly, the sheep, was cloned from the udder cells of an adult.  Dolly experienced premature aging through the loss of telomeres during DNA replication.  

Question:   Describe the process by which Dolly was cloned. (pg. 628-9)

	


All types of cloning involved ethical issues. Therapeutic cloning holds the promise of eliminating human disease.  All cloning, however, involves the artificial creation and deliberate destruction of hundreds of embryos.

Genetic Engineering

Textbook Reference: Section 18.2

Genetic engineering (gene splicing) refers to the technique of breaking apart one DNA molecule and attaching a new gene by means of a chemical splice.  The new DNA created from two different DNA molecules is called recombinant DNA. 

Techniques Used in Genetic Engineering

(i) Restriction Enzymes

Enzymes can be found in prokaryotic organisms called restriction endonucleases. Restriction endonucleases are used by prokaryotes to protect themselves against foreign DNA.  They work by recognizing a short sequence of nucleotides and cut that strand at a point in that sequence called the restriction site.  

Endonucleases are will always cut a DNA at a specific point each time; resulting in smaller pieces called restriction fragments.  They will also produce a staggered cut so that a few unpaired nucleotides remain on either end of the restriction fragment.  These are called sticky ends because they can form base pairs with other short strands that are complementary. Other endonucleases may leave blunt cuts.

(ii) Recombinant DNA

When DNA is joined from two different sources it is considered to be recombinant DNA.  This is usually the result of joining restriction fragments with DNA ligase that have been cleaved by endonucleases

(iii) DNA Amplification

This is the process of generating a large sample of target DNA sequence from a single gene or DNA fragment.

· Bacterial Vectors

The target DNA is cleaved by endonucleases.  The fragments are spliced into plasmid DNA using the same endonucleases to produce recombinant DNA.  The recombinant plasmid is returned to the bacterial cell.  This bacterial vector mulktiply, replicating the target DNA.  Bacterial vectors are used to amplify larger sequences of DNA.  (Figure 18.9 on pg. 615)

· Viral Vectors

A gene can be cloned by splicing it into the genome of a virus.  The virus enters a host cell and multiplies.  The recombinant DNA is, of course, replicated.  (Figure 4.23 on pg. 125)

· Polymerase Chain Reactions (PCR)

This is an automated method that targets and amplifies a very specific sequence of DNA.  (Figure 18.10 on pg. 615).  The PCR process is dependent upon DNA polymerase.  The DNA fragment is placed in a solution along with nucleotides and primers.  The solution is heated to break the hydrogen bonds between the base pairs and uncoil the DNA.  The solution is cooled and heat resistant DNA polymerase is used to replicate the DNA.  Replication takes about 1 minute and the cycle repeats itself so that the amount of DNA doubles each time.
(iv) Gel Electrophoresis

This is used to separate molecules according to their mass and electric charge.  This allows DNA to be separated for analysis.

A solution containing DNA fragments is applied to one end of a gel.  The gel is subjected to an electric current which causes the ends of the DNA to become polarized.  The DNA will have a negative charge and move towards the positive end of the gel. The smaller fragments will move more quickly.  The fragments will settle into a pattern of bands called a DNA fingerprint.  (Figure 18.11 on pg. 617)

(v) DNA Sequencing

Chain termination is used to sequence DNA.  It is a modified version of PCR.  In this case, the replicated DNA is synthesized into a series if smaller fragments rather than one strand.  The nucleotide that ends each fragment is tagged with a radioactive or florescent marker.  When a fragment is run on a gel, the fingerprint shows which nucleotide is at the end of the fragment.  This information can be used to piece together the order of nucleotides for the entire DNA fragment.  An automated DNA sequencer can be used to speed up the process.  

Examples of Genetic Engineering
a. Interferon:  This protein enables human to fight off viruses.  Human interferon is inserted into bacteria.  These bacteria are cloned to produce large amounts of interferon.

b. Insulin:  This is used to treat diabetes.  Insulin regulates the amount of blood sugar.  It no longer has to be taken from cows and pigs and therefore there can be no allergic reaction

c. Hemophilia:  A clotting factor can be produced in this way so that blood donors are no longer required.

d. Dwarfism:  Can create a human growth hormone that controls the growth of bones

e. Plants:  Genes have been inserted into plants to make them resistant to disease, insects and weed killing substances.  Crops can be engineered for drought, salt resistance, higher yield and improved nutrient value.

The Human Genome Project (HGP)

Textbook Reference: Section 18.2, pgs. 618-20

	1. What is the human genome project and why was the project conducted?



	2. Summarize the major findings of the project



	3. What are some of the benefits of this research?



	4. What are some of the risks associated with this research?




Careers in Biotechnology

Textbook Reference: Page 608-9

Describe each of the following science based careers:

	(i) Cytogeneticist



	(ii) Medical Geneticist



	(iii) Genetic Engineer
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