EXAM 5 OBJECTIVES
BIOLOGY 1406 - CHAPTER 13
MEIOSIS AND SEXUAL LIFE CYCLES
1. Distinguish between asexual and sexual reproduction. 

2. Differentiate between haploid and diploid cells, and define homologous chromosomes. 

3. Review the major events of meiosis and explain how it differs from mitosis. 
4. Review the significance of meiosis in the living world. 

5. Compare the roles of mitosis and meiosis in the generalized life cycle. 

6. Note the position of meiosis in plant and animal life cycles. 

7. Review the events of spermatogenesis and oogenesis. 

8. Review the events that occur in prokaryotic cell division. 

BIOLOGY 1406 - CHAPTER 14
MENDEL AND THE GENE IDEA
1. Discuss the works of Gregor Mendel which became the foundation for the science of Genetics. 

2. Define the following terms: gene, allele, locus, genotype, phenotype, dominant, recessive, homozygous, heterozygous sex chromosome, autosome and karyotype. 
3. Review the Concept of Segregation and the Concept of Independent Assortment. 

4. Using Mendel's laws of inheritance solve monohybrid crosses, dihybrid crosses and test crosses. 

5. Apply the basic knowledge of inheritance gained from monohybrid and dihybrid crosses to the solving of genetics problems. 

6. Summarize and apply the concept of probability using the product and sum laws. 

7. Discuss sex determination, the role of the Y chromosome in determining maleness in humans and how this compares with other animals and some plants. 

8. Solve genetics problems involving incomplete dominance, codominance, epistasis, pleiotropy, complimentary genes, polygenes, multiple alleles, sex determination and x-linked traits. 

BIOLOGY 1406 - CHAPTER 15 
THE CHROMOSOMAL BASIS OF INHERITANCE
1. Discuss problems encountered in the study of human genetics and explain how the use of pedigrees helps in the study of human genetics. 

2. Review autosomal dominant and recessive inheritance in humans. 

3. Explain human X-linked inheritance and identify human X-linked conditions. 

4. Identify the following types of chromosomal abnormalities; deletion, duplication, inversion, and translocation. 

5. Review the phenomena of linkage, crossing over and gene mapping. 

6. Discuss changes in chromosome number and causes for such change. 

7. Review the following genetic abnormalities in man which result from changes in chromosome number; Down's Syndrome, Turner Syndrome, Klinefelter Syndrome and the XYY condition. 

8. Identify dominant and recessively inherited human disorders. 

9. Discuss the purpose of genetic screening. 

10. Review the purpose and method of amniocentesis and chorionic villi sampling. 

EXAM 5 NOTES
CHAPTER 13 - MEIOSIS AND LIFE CYCLES
1.    Meiosis - Division of the nucleus that reduces the number of chromosomes by one half. In higher plants and animals, meiosis usually occurs  among diploid cells, reducing the number of chromosomes to haploid, thus one chromosome from each homologous pair is found in each daughter cell.
2.  How meiosis differs from mitosis:
· Meiosis consist of a series of two divisions of the nucleus, but DNA is duplicated only prior to the first division. 

· Homologous chromosomes pair during Prophase I. This is called synapsis. 

· During synapsis genetic material is exchanged between non-sister chromatids of the paired homologous chromosomes. This process is called crossing over.   Points of cross over are called chiasmata. 

· Each chromosome (diad) is composed of two chromatids, thus paired homologous chromosomes are composed of four chromatids (tetrads). 

· Chromosomes move to the metaphase plate as tetrads. 
· During anaphase I centromeres do not separate as in mitosis thus diads move to opposite poles of the cell. 

· New nuclei may develop in telophase I or the cell may go directly into prophase II.  In either case no DNA duplication occurs before the second division. 

· The cell may go directly into the second division after telophase I, or there may be a period of time during which the nucleus reforms called interkinesis, but in either case DNA is not duplicated. 
· Events of the second division are almost identical to mitosis. 
3.  Meiosis is necessary in the sexual life cycle to reduce the number of chromosomes by one half, usually from diploid to haploid. This may result in the production of gametes in animals or in the production of spore in plants.
4.  PLANT, ANIMAL AND PROTIST/FUNGI LIFE CYCLES:
A. Plant Life Cycle: 
· Spores are produced by a multicellular diploid plant, the sporophyte. 

· In the sporophyte meiosis occurs in spore producing organs, sporangia, producing haploid spores. 
· Haploid spores germinate and grow into multicellular plants, the gametophytes. 

· Haploid gametes are produced in gametangia by mitotic division. 

· In higher plants the male gametophyte is the microscopic two celled pollen grain.In flowering plants the female gametophyte is an eight celled structure, the ovule sac located in the ovary. 

B. Animal Life Cycle: 
· In animals meiosis occurs in the ovaries and testes producing haploid gametes. 

· Haploid gametes fuse during fertilization producing a diploid zygote, the egg. 

· The zygote develops into an adult multicellular diploid organism. 

C. Many Protist and Fungi: 

· Many Protist and Fungi have a lifecycle dominated by the haploid phase. 
· In these organisms the only diploid period is the zygote. The zygote undergoes meiosis producing haploid spores that grow into the haploid adult phase. 

5. Gametogenesis - The production of gametes. Gametes are sex cells, eggs and sperm.Spermatogenesis - The process by which sperm are produced in animals. During spermatogenesis the cell undergoes two successive divisions of the nucleus and cytoplasm. The four resulting daughter cells, spermatids, mature into four sperm.Oogenesis - the process by which the ova (egg) is produced. During oogenesis nuclear divisions are equal, but cytoplasmic divisions are not. This results in the production of one functional gamete, the ova, which receives most of the cytoplasm. The other cells produced, called polar bodies, are very small containing very little cytoplasm. the polar bodies disintegrate.
6.  Prokaryotic cell division is binary fission. The prokaryotic cell only has one chromosome. In binary fission the chromosome duplicates, with each chromosome becoming attached to the cell membrane toward opposite ends of the cell. With the two chromosomes separated the cell produces a new cell membrane and wall separating the two newly formed cells. 
 

CHAPTERS 14 AND 15
MENDEL AND THE GENE
CHROMOSOMAL BASIS OF INHERITANCE
1. The works of Gregor Mendel with garden peas became the foundation for the science of genetics. He presented his work in 1866, but the scientific would was not ready for his findings. Mendel had worked out the basic concepts of independent assortment and the law of segregation with no knowledge of DNA, chromosomes, genes, mitosis and meiosis. 

2. Define the following genetic terms: 

A. Gene - The unit of DNA along a chromosome that codes for a single characteristic (mendelian definition) or the unit of DNA that codes for a specific polypeptide (molecular definition). 

B. Allele - Different forms of the same gene. 

C. Locus - The location of the gene on the chromosome. 

D. Genotype - The actual genetic make up of an individual. 

E. Dominant - An expression that is always expressed if its gene is present in the genotype. 

F. Recessive - An expression that is expressed only when its allele is the only form of the gene present in the genotype. 

G. Homozygous - The condition in which both forms of the gene are the same, i.e. AA or aa. 

H. Heterozygous - The condition in which the two expressions of a gene pair are different. 

I. Sex chromosomes - Chromosomes involved in sex determination. in man these are the X and Y chromosomes. 

J. Autosomes - Chromosomes not involved in sex determination although they may carry genes for secondary sexual characteristic. 

K. Karyotype - A display of metaphase chromosomes in which homologs are paired together and photographed. 

3. The Law of Segregation states that the members of a gene pair separate during gamete formation meaning that each gamete receives only one gene from each pair during meiosis.  The Concept of Independent Assortment states hat the members of one pair of homologous chromosomes segregate independent of all other homologous pair during gamete formation. This event greatly increases genet variation during gamete formation. 

4. Monohybrid crosses are crosses that involve only one pair of contrasting alleles. Dihybrid crosses are crosses that examine the inheritance of two different pair of contrasting alleles. A test cross is a cross between an individual expressing a dominant phenotype with an individual expressing the recessive expression of the same characteristic. The cross is done to determine if the dominant individual is homozygous or heterozygous. 

5. The actual working of genetic problems will be explained in both lecture and lab. You will need to be able to work monohybrid, dihybrid, incomplete dominance, multiple allele and X-linked problems. 

6. STATISTICAL APPLICATIONS: 

A. Rule of Multiplication 

· The probability that independent events will occur simultaneously is the product of their individual probabilities. EX. The probability of giving birth to a daughter is 1/2 at any one birth. The probability of three consecutive daughters being born to a couple is 1/2 X 1/2 X 1/2 = 1/8. 

B. Rule of Addition 

· The probability of an event that can occur in two or more ways is the sum of the separate probabilities of the different ways. EX. Parents are both heterozygous for a given characteristic "Aa". What is the probability of their having a child that is also "Aa"? The probability of the "A" allele being in the egg and "a" in the sperm is 1/2 X 1/2 = 1/4. The probability of the "a" allele being in the egg and the "A" in the sperm is 1/2 X 1/2 = 1/4. Thus the probability of an "Aa" child is 1/4 + 1/4 = 1/2. 

7. In humans sex is determined by the presence of sex chromosomes, X and Y. An XX individual is female and an XY genotype is male. In gamete formation, the female can contribute only the X chromosome, while the male produces two types of gametes, those carrying the X chromosome and those with the Y chromosome, thus half the offspring should be male and half female. In some insects two X chromosomes produces a female while only one X, the XO genotype produces a male. Other variations of sex determination are seen in other plants and animals. 

8. Define the following variations of Mendelian inheritance. 

A. Incomplete Dominance - Neither allele is dominant to the other, thus each is expressed in the heterozygous genotype producing an intermediate phenotype. EX. Red "RR" and White "rr" snapdragons produce pink "Rr". 

B. Codominance - Inheritance characterized by full expression of both alleles in the heterozygote. Ex. MN blood group. 

C. Multiple Alleles - In this type of inheritance there are more than two alleles for the same characteristic in the general population, although any one individual only has two genes for the characteristic. EX. ABO blood group. 

D. Pleiotrophy - The ability of a single gene pair to have multiple effects. EX. Gene for Sickle-cell Anemia. 

E. Epistasis - A condition in which one gene pair has the ability to mask or prevent the expression of another gene pair. EX. Coat color and pigment deposition in mice. 

F. Polygenetic Inheritance - A characteristic that is determined by the quantitative effect of more than one pair of genes. EX. Skin color, Hair Color, Stature. Genes either function as contributors which enhance the expression or non-contributors which neither add nor detract from the basic expression of the characteristic. 

G. Complimentary Genes - A type of inheritance in which two pair of genes interact to produce a phenotype that neither can produce alone. EX. Comb structure in chickens. 

H. X-Linked Inheritance - Genes for X-linked characteristics are located on the x chromosome only, thus females have two genes for each X-linked characteristic while males have only one. As a result X-linked recessive characteristics appear more often in males than females. 

9. The study of human genetics is difficult because the scientist can not 1. make the desired crosses, 2. the life cycle is so long and 3. even if the above were possible the offspring can not be raised under controlled laboratory conditions. As a result we resort to the study of pedigrees which show the family history of a particular characteristic. From this information we can determine the mode of inheritance for a particular characteristic. 

10. Autosomal dominant characteristics will be expressed if present in the genotype. Examples of autosomal dominant conditions in man are familial hypercholesterolemia, achondroplasia and Huntington’s disorder.Autosomal recessive characteristics are only expressed when the individual is homozygous for the trait. In the case of recessively inherited disorders, the parents are usually heterozygous thus producing a homozygous offspring affected by the disorder. Examples include albinism, cystic fibrosis, Tay-Sachs disease and sickle cell anemia. 

11. X-linked inheritance in man is involves genes located on the X chromosome. Examples of X-linked recessive characteristics are red-green color blindness and hemophilia. If the female is heterozygous for an x-linked recessive trait she is normal but can pass the gene to her offspring. If she passes it to a son the son will express the recessive trait because he only has the one X chromosome which he receives from his mother. 

12. In some cases chromosomes can break and recombine incorrectly during gamete formation. These can have significant impact on the offspring often being lethal. Listed below are some possible chromosomal abnormalities 

A. Deletion - A portion of a chromosome is lost from the genome, thus these genes are not present in the gamete. The lose of genes from the genotype is serious and often lethal. 

B. Duplication - In this situation a portion of a chromosomes breaks and attaches to its homolog, thus those genes are represented twice on the chromosome carrying the duplicated segment. Having an abnormal number of genes is often lethal in animals. 

C. Inversion - in an inversion a section of a chromosome breaks and rejoins with the same chromosome, but in a reversed order. The proper sequence of genes is often important in the coordination of metabolic pathways. if the inversion affects such a pathway then it can have a serious impact. 

D. Translocation - In a translocation a portion of a chromosome breaks and rejoins with a nonhomologous chromosome. This type of abnormality can result in an increased number of genes in a gamete or can impact coordination of a metabolic path. 

13. Many genes are located on the same chromosome, maybe as many as several thousand. These genes are said to be linked. As discussed previously crossover can occur between non sister chromatids of homologous chromosomes during meiosis. The rate of crossover increases as the distance between the genes increases, thus cross over frequencies can be used to determine the relative distance between genes and the sequence of genes on the chromosome. With this information gene maps can be created with a percent of crossover being equal to one map unit. A map unit is a relative distance rather than a defined distance. 

14. Changes in chromosome number are usually very serious in animals if not lethal, but in plants this is a relatively common method of speciation. In fact approximately 60% of the flowering plant species have resulted from an increase in chromosome number, polyploidy. Polyploidy is a chromosome number above diploid. Chromosome number can be increased by non-disjunction of sister chromatids during gamete formation. In some cases the entire chromosome make up is contributed to the gamete producing a diploid rather than haploid gamete. 

15. Conditions resulting from chromosomal abnormalities in man: 

A. Down’s Syndrome - A condition caused by a third chromosome of the 21st pair. This results in the mental and physical handicaps characteristic of the condition. The extra chromosome usually results from nondisjunction in the formation of the egg. 

B. Turner Syndrome - Monosomy X, since the individual has only one X chromosome. The genotype is XO. The individual is phenotypically female, but is usually sterile and has poorly developed secondary sex characteristics. This condition does not produce mental retardation. 

C. Klinefelter Syndrome - XXY genotype, results from nondisjunction of the x chromosomes during the formation of the egg. Phenotypically male, but sterile and often with some secondary breast development. Affected individuals have normal intelligence. 

D. XYY Condition - Male, usually taller than normal, but are essentially normal males phenotypically. 

16. Genetic screening is done to determine the probability of an inherited condition arising in a family. This can be done through the use of a pedigree or the use of a number of other test. 

17. Amniocentesis is a procedure in which amnionic fluid is removed from around the fetus. This fluid contains fetal cells that can be cultured for genetic screening through karyotype and biochemical analysis. 

18. Chorionic Villi Samplings is less invasive. it involves the removal of a tissue sample from the chorion, one of the fetal membranes. As in amniocentesis the tissue is cultured for karyotype and biochemical analysis. 

 



