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I.  Cell Division

A.  Why?  Replace cells, growth, cell specialization

B.  Binary Fission:  How bacteria divide

     1. DNA Copies

     2. Chromosomes Segregate

     3.   Cytokinesis (cell divides)
C.  Cell Cycle

1. Interphase: 3 subdivisions

                  G1: Normal Cell activity

                   S: Copies DNA

                  G2:  Preparation for division 

            2. Mitosis: Distribute chromosomes and create two new nuclei.

            3. Cytokinesis: Division of cytoplasm,  resulting in two cells.

            4. Cancer: Cells displaying excessive cell division.

                             Normal limits on control of cell cycle are not working, the result of genetic errors.

       
D.  DNA during Mitosis:  The blueprint for a cell is in the form of DNA.  

           1. Chromosome: A molecule of DNA (usually millions of base pairs connected 

                                        together, consisting of hundreds or thousands of genes) 

           2. Sister Chromatids- Exact copies of the same original DNA molecule.

           3. Centromere – The region where two sister chromatids attach.
                                                                                                 
         4. Chromosome Appearance:
                 a. Uncoiled DNA: Twisted Ladder
b. Condensed DNA: Bowling pin or Butterfly.
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5. Chromosome Number
   a. Homologous Chromsomes: Chromosomes similar is size, shape and genetic composition.

       Humans have two sets of each chromosome, one each from maternal and paternal sides of    

        family.
    b. Diploid (2n): Having two copies of each chromosome (homologous pairs).
     c. Haploid (n): Having one of each chromosome (chromosomes not in pairs).




Section 1 Review Questions:

1. What are two reasons that cell division is necessary for the body?



2. What are the three steps of binary fission?
3. Binary fission occurs in which types of organisms?

4. Why is cell division simplier in prokaryotic cells than in eukaryotic cells? 





5. What is mitosis?




6. Cells go through a series of events that include growth, DNA synthesis, and cell division. Why are these events best represented by a cycle diagram?





7. Identify the phases of the eukaryotic cell cycle.



8. What are the three phases of interphase and what happens during each phase?




9. Explain two ways the cell cycle is regulated. 



10.  Define cancer.



11. What is the difference between a chromosome and chromatin?
12. The process in prokaryotes by which a cell divides to form two identical cells by cytokinesis is called 

a. binary fission. 

b. cyclin. 

c. multi-fission. 

d. S phase. 

13. During which phase of the cell cycle does the cytoplasm split such that two daughter cells are formed? 

a. G1 phase 

b. G2 phase 

c. S phase 

d. M phase 

14. Human liver cells and kidney cells each contain (THINK!  Not directly in Flexbook)

e. different genes from one another, because some of the proteins made differ between the two cell types. 

f. the same genes, because in a single multicellular organism, all somatic cells (non-germ cells) contain the same genes. 

g. a set of proteins, all of which are produced in both cell types. 

h. a single, circular chromosome. 

15.  Human chromosomes 

i. are present in cells as a set of 23 chromosomes total. 

j. come in pairs, both pairs inherited from the mother. 

k. come in pairs, one of which is inherited from the mother, and the other, from the father. 

l. come in pairs, both pairs inherited from father. 

16. Chromosomes that are the same size and shape and that contain the same genes 

m. are duplicated during G2 phase. 

n. are homologous chromosomes. 

o. are present in prokaryotes, but not eukaryotes. 

p. all of the above 

Write true if the statement is true or false if the statement is false.  If false, rewrite part of the sentence to make it true.
______ 17. Before most cell divisions, most cells do not increase in size. 

______ 18. During cell division, one of the daughter cells gets all of the larger chromosomes, and the other daughter cell gets all of the smaller chromosomes. 

______ 19. The number of chromosomes in a cell is duplicated before the beginning of mitosis. 

______ 20. Many species of bacteria have a single circular chromosome that consists of double stranded DNA. 

______ 21. Under ideal conditions, some bacteria can reproduce a few times per hour. 

______ 22. Each human chromosomes contains a maximum of one gene. 

______ 23. The information needed to make a particular cellular protein is contained within a gene. 

______ 24. A chromosome is composed of DNA, RNA, protein, phospholipids, carbohydrates, and cell walls. 

______ 25. A human cell usually contains 46 chromosomes. 

______ 26. Two sister chromatids are attached to each other at a chromatin. 

______ 27. Most cells spend the majority of their lives in interphase. 

______ 28. DNA is duplicated during S phase of the cell cycle. 

______ 29. During mitosis, the nuceleus divides. 

______ 30. Cells have cell cycle checkpoints that regulate progression from one phase of the cell cycle to the next. 

______ 31. Compared to normal cells, cancer cells have exceptionally slow cell division rates.

II. Mitosis:  The process of dividing the nucleus of a parent cell into the two daughter nuclei.

   A. Steps of Mitosis:

 1. Prophase: Chromosomes become visible (condense), Nuclear envelop dissolves so nucleus enlarges,  

                           Spindle fibers form, Centrioles move to opposite ends of cell in animals, spindle fibers   

                           attach to  chromosomes.
         Draw a cell undergoing prophase
       2. Metaphase: Chromosomes align at equator.
         Draw a cell undergoing metaphase

       3. Anaphase: Centromeres divide; Sister chromatids move towards opposite poles of cell; each  

                               chromatid now considered individual chromosome.
           Draw a cell undergoing anaphase

       4. Telophase:  Opposite of prophase;  Nuclear envelop reforms; spindle fibers disassemble; Centrioles  

                                leave the poles of the cell (in animals); Chromosome uncondense.

              Draw a cell undergoing telophase
    B. Cytokinesis: The division of the cytoplasm.

          1. In plants, Cell Plate grows between two cells.

2.  In animals, Cleavage Furrow pinches cell into two.
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Section 2 Review Questions:

1. For each image below, label the stage of mitosis and explain two events occurring during that stage:
a. __________________




b.   ________________


         

 c.   _________________

                            


c. __________________

                    


2.  What happens during prophase of mitosis? 



3. Explain the function of the spindle fibers in mitosis?



4. During which phase of mitosis do sister chromatids separate? 


5. Describe how cytokinesis is different in plant cells than in animal cells.






6. Identify each of the stages of mitosis shown below. (Some may be in an early or late phase of each stage so they may be used more than once).
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7. In mitosis, what occurs before prophase begins?

a. The chromosomes move to the outside edges of the cell membrane

b. Spindle fibers appear.

c. Two cells fuse together.

d. DNA replicates.
8. In which stage of cell division does the cell actually begin to appear as two cells?

a. Metaphase



c. telophase
b. anaphase 



d. prophase
9. The first three phases of the cell cycle (G1, S, and G2) are collectively known as…

a. mitosis.




c. interphase.

b. cellular respiration.


d. telophase.

10. At which point in the cell cycle does DNA duplicate?
                     a. G1            b.  G2     c. S     d. M     e. Prophase

Match the vocabulary term with the correct definition.  Includes terms from Sections I and II!
Term
____ 1. spindle 

____ 2. zygote 

____ 3. anaphase
____ 4. gene 

____ 5. haploid 

____ 6. mitosis 

____ 7. cell plate 

____ 8. S phase 

____ 9. sister chromatid 

____ 10. prophase
Definition
a. The cell cycle phase during which the DNA is replicated, and correspondingly, the chromosomes are duplicated. 

b. Microtubule-based fibers used to move chromosomes and separate the sister chromatids during mitosis. 

c. The phase of the cell cycle during which the duplication of the nucleus occurs. 

d. Forms during cytokinesis in plant cells; a new plasma membrane grows along each side of the cell plate, with a new cell wall forming on the outside of each new membrane. 

e. Identical copies of a DNA molecule that are attached at their centromeres. 

f. Phase during which nuclear membrane disappears.
g. The first cell of a new individual. 

h. A segment of DNA that contains the information necessary to encode an RNA molecule or a protein. 

i. A cell that contains one set of chromosomes, such as a human sperm cell or egg. 

j. Phase in which sister chromatids separate.
III.  Types of Reproduction
A. Asexual: Only one genetic donor

B. Sexual: Two genetic donors

1.  Terms:

                  a.  Zygote: Fertilized egg.

                  b. Gamete: Sperm or egg (haploid); sex cell.
C.  Meiosis:  Process in which diploid organisms produce haploid gametes.
D. Steps Of Meiosis:

1. Meiosis I: Reduction Phase

a. Prophase I: Same as prophase in mitosis, but homologous chromosomes find each other during Prophase I.
b. Metaphase I:  ______________  align at equator.

c. Anaphase I:   ________________ move to opposite equators.

d. Telophase I:  Cell forms two haploid nuclei.

2. Meiosis II.  Repeat Mitosis (w haploid cell):

a. Prophase II: Same as mitosis
b. Metaphase II: Sister chromatids align at equator.

c. Anaphase II: Sister chromatids separate and move to opposite equators.

d. Telophase II: Each equator form nuclear membrane, creating haploid gametes.

E. Gametogenesis: The development of gametes.

1. Males: Equal distribution of cytoplasm.

2. Females: Unequal distribution of cytoplasm, resulting in one large egg and three polar bodies.
    F.    Goal of Meiosis: Shuffle genes and produce haploid cells!
Section III and IV Review Questions:
1   What is the difference between sexual and asexual reproduction?



2.  Define gamete and zygote. What number of chromosomes does each have in humans? 




3.  In the end, what is the product of of meiosis?


4.  Explain how meiosis I differs from mitosis.





5.  What is the purpose of meiosis?. 




6. What are male gametes called? The female gametes?




7. Which of the following is the correct chronological order of the first four steps of meiosis?

a. anaphase, metaphase, telophase, prophase

b. telophase, anaphase, metaphase, prophase

c. prophase, anaphase, telophase, metaphase

d. prophase, metaphase, anaphase, telophase

8. Which statement is true about meiosis?

a. it is a form of asexual reproduction

b. only animals can undergo this process

c. it is the process that produces gametes

d. in the process, daughter cells are identical copies of the parent cell


9. What is one way that meiosis is different from mitosis?

a. In meiosis there is variation in the cells produced, in mitosis an exact copy of the cell is created.

b. In meiosis an exact copy of the cell is created, in mitosis there is variation in cells.

c. Meiosis occurs in all cells, mitosis occurs only in the sex cells.

d. Meiosis produces 46 chromosomes, mitosis produces 23 chromosomes.

10. The result of meiosis is…

a. 2 haploid cells.


c. 4 diploid cells.

b. 4 haploid cells.


d. 2 diploid cells.

11. Cytokinesis occurs ____ from the start to finish of meiosis. 

a. once 

b. twice 

c. four times 

d. not at all 

12. In meiosis, the sister chromatids separate from one another during 

a. metaphase I. 

b. metaphase II. 

c. anaphase I. 

d. anaphase II. 

13. In preparation for meiosis, the DNA replicates ____. 

e. once 

f. twice 

g. four times 

h. not at all 

14. Gametogenesis in males produces ___ gametes, and in females ____ gametes. 

i. two, two 

j. four, four 

k. one, four 

l. four, one 

15. In a newly formed zygote, most of the organelles and cytoplasm originated from the 

m. somatic cells of the father. 

n. somatic cells of the mother. 

o. egg. 

p. sperm. 

Section III and IV, Matching

Match the vocabulary term with the correct definition.
____ 1. Homologous Pairs 

____ 2. Gametes 

____ 3. diploid 

____ 4. budding 

____ 5. spermatogensis 

____ 6. fertilization 

____ 7. meiosis 

____ 8. Binary Fission 

____ 9. polar body 

____ 10. haploid 

a. A type of cell division in diploid organisms that results in the production of four haploid cells. 

b. Chromosomes that align during meiosis I, each containing similar genetic imformation. 

c. A cell that is produced during oogenesis and does not develop into a viable gamete, but degrades. 

d. A cell containing one set of chromosomes. 

e. An organism’s reproductive cells. 

f. A form of asexual reproduction in which new cells are formed by cleavage of the parental cell in half. 

g. A cell containing two sets of chromosomes. 

h. A type of asexual reproduction in which daughter cell buds off from a parent cell. 

i. The fusion of two gametes to form a zygote. 

j. The meiosis event in males that results in formation of four mobile gametes.
Section III & IV, T/F

Write true if the statement is true or false if the statement is false.  If False, correct the sentence to make it true.
______ 1. In some species, an organism can have just one parent.
______ 2. Asexual reproduction produces an individual that is genetically different from the parent.
______ 3. All bacteria are either distinctly male or female.
______ 4. Fragmentation is actually a kind of asexual reproduction.
______ 5. Human gametes are haploid.
______ 6. Meiosis is required to form human gametes.
______ 7. Both prophase I and metaphase II are stages of meiosis.
______ 8. At the beginning of meiosis in humans, during prophase I, there are 92 chromatids in the cell.
______ 9. At the end of oogenesis in human females, 4 eggs are produced.
______ 10. At the end of spermatogenesis, 4 sperm are produced.
______ 11. In meiosis, the sister chromatids separate from each other at anaphase I.
______ 12. Sexual reproduction results in less genetically diverse offspring when compared

to asexual reproduction.
Meiosis and Genetic Variation
Sexual reproduction results in infinite possibilities of genetic variation. This occurs through a number of mechanisms, including crossing-over, the independent assortment of chromosomes during anaphase I, and random fertilization.

In humans there are over 8 million configurations in which the chromosomes can line up during metaphase I. It is the specific processes of meiosis, resulting in four unique haploid cells, that results in these many combinations. This independent assortment, in which the chromosome inherited from either the father or mother can sort into any gamete, produces the potential for tremendous genetic variation. Together with random fertilization, more possibilities for genetic variation exist between any two people than individuals alive today. Sexual reproduction is the random fertilization of a gamete from the female using a gamete from the male. In humans, over 8 million  chromosome combinations exist in the production of gametes in both the male and female. A sperm cell, with over 8 million chromosome combinations, fertilizes an egg cell, which also has over 8 million chromosome combinations. That is over 64 trillion unique combinations, not counting the unique combinations produced by crossing-over. In other

words, each human couple could produce a child with over 64 trillion unique chromosome combinations.
Questions
1. The genetic variation of offspring produced by sexual reproduction is almost limitless.

List and describe the mechanisms responsible for this variation.

-

-

-

2. In humans, there are over 8 million possible ways that chromosomes can line up during

metaphase I of meiosis. The common dog (Canis lupus familiaris) has 78 chromosomes

 (Lindblad-Toh K et al. 2005. Genome sequence, comparative analysis and haplotype structure

of the domestic dog., Nature, 438:803-819). Is the number of possible ways that chromosomes

can line up during metaphase I greater or less in dogs compared to humans? Why?
To the left is a common depiction of a chromosome.  This is a chromosome before replication.  The ‘Xq23’ is a designation for a particular gene.  The gene may code for a gene such as pigment: if you have the functioning gene, you have normal coloration while the lack of the functioning gene results in albinism.  





What are two events that may be occurring at G1 stage?











What is occurring at S stage?








What is one event that may occur at   G2  stage?





For illustration at right, label the centromere and each sister chromatid.





How many sister chromatids are depicted in the image?  ____





Name: _____________________________








PAGE  
2

