Chromosomes and Cell Division Notes 
(chapter 9 and 10.1)
2 types of cells in a sexually reproducing, multicellular organism:

· Somatic cell: all of the cells of the body; contain the full complement of chromosomes (half from each parent); divide by mitosis
· Gamete: only sperm or egg cells; contain half of the organisms chromosomes; produced by meiosis

Understanding chromosome numbers practice:                                                                          
	Example:  A human has 46 chromosomes in a liver cell

How many chromosomes in a gamete? _____

How many chromosomes in a skin cell? ____

How many chromosomes in a sperm cell? ____
	Example:  A cat has 16 chromosomes in an egg cell

How many chromosomes in a gamete? _____

How many chromosomes in a skin cell? ____

How many chromosomes in a somatic cell? ____


………………………………………………………………………………………………………
Cell Division:
Prokaryotes:

· Have a single, circular chromosome

· Reproduce by an asexual process called _______________________________________

· In binary fission, _________ prokaryote divides to make _________ prokaryotes

· Both “daughter” prokaryotic cells are identical to each other AND the original “mother” cell
· Remember:  asexual reproduction results in __________________ (exact copies)

Eukaryotes:

· Have numerous, “rod-shaped” chromosomes

· For example:  humans are defined as normally having 46 rod-shaped chromosomes 
· A eukaryotic cell’s life span is referred to as _________________________________

· There are 3 main phases to THE CELL CYCLE
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	The Eukaryotic Cell Cycle:

1. Interphase: the cell is livin’ its life; cell grows, copies its DNA and prepares for cell division
.
2. M phase: nucleus divides

(can be “mitosis” or “meiosis” depending on the location where this is happening and the purpose of the newly divided cells)

3. Cytokinesis: division of the rest of the cell/cytoplasm and contents; happens at the end of M phase


1. Interphase = the time __________________ cell divisions

· When a cell is just doing all of its processes (cellular respiration, making proteins, etc.) and preparing to ______________ by growing and copying its DNA
· Cells spend the ____________________ of their life span in interphase

There are three steps in interphase
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	· G1 phase:  cell ____________ larger

· S phase:  cell ________________ or copies its DNA 
· G2 phase:  cell prepares for division.  



**G0 phase: when a cell ______________ the cell cycle and no longer grows, copies DNA or divides
example:  many cells in the adult human body exit the cell cycle at maturity, like some cells in the brain and bone cells.
2. M phase = the division of the ________________

· Before a cell can divide in two it must divide its _________________ information.  So the ___________________ divides BEFORE the rest of the cell does!
· There are two versions of “M phase” depending on the type of cells dividing

Mitosis:  the division of the nucleus of _____________ cells to make more, identical somatic cells

· this version is ___________________ reproduction

· the parental nucleus produces two daughter nuclei for two new cells, each new cell is genetically _________________________ to the parent AND to each other.

· is responsible for ___________________ and ____________________ of tissues in multicellular organisms

· NOTE:  When mitosis (nuclear division) and cell division is all over and the actual cell divides the “daughter cells” will be identical to each other AND identical to the “mother cell”

Meiosis = division of the nucleus of specialized somatic cells (like in the ovaries or testes of humans) to form _________________ (sperm or eggs)
· Key to ______________________ reproduction

· The events of meiosis ensure that the resulting gametes will all be genetically different

· Genetic diversity is essential for evolution to occur!
· Start with ONE diploid cell and end with FOUR _______________ cells.

· When cell division is over, EACH new cell is genetically _______________________ from each other and the original “parent cell”
· Meiosis is called a “reduction division” because resulting gametes have ______________ of the organism’s genes. 
3. Cytokinesis = the division of the _________________; the rest of the cell divides!
· Happens right at the end of mitosis or meiosis

· Is often referred to as the _____________ step of mitosis or meiosis!
· Occurs differently in animal and plant cells

· Animal cells: the cell membrane “pinches in;” the pinched area is called the cleavage __________________.
· In plant cells, the golgi apparatus releases vesicles containing cellulose (the polysaccharide that cell walls are made of) that fuse in the middle of a cell forming a membrane-bound cell wall called a cell ______________that separates the one cell into two. 
Cancer:
· Genetic mutations in the genes that regulate (control the events and timing of) the cell cycle result in cancer cells.

· Cancer cells cannot die as they should; they are immortal as they keep dividing over and over without stopping
· Cancer masses (called “tumors”) impede the capability of your other tissues to function properly.

	The Eukaryotic Cell Cycle
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………………………………………………………………………………………………………………

Events of Mitosis (Chapter 9.2 study guide)
Prophase

· The chromatin tightens into copied chromosomes; each chromosome consists of two sister chromatids of identical genes held together by a structure called the centromere.

· Spindle fibers (AKA spindle apparatus), which are made of microtubles from the cytoskeleton, form in the cytoplasm and connect to the centromeres of each chromosome.  They will assist the chromosomes in separating into two nuclei.
Metaphase
	· The chromsomes (consisting of two, identical sister chromatids) are pulled along the spindle fibers toward the center of the cell.

· The spindle fibers move the chromosomes so that they line up in the middle of the cell.
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Anaphase

· The sister chromatids separate; now they are each called “chromosomes” 

· The microtubules of the spindle apparatus begin to shorten, pulling the chromosomes to opposite ends of the cell

Telophase
	· The chromosomes arrive at opposite ends of the cell

· The spindle fibers disappear and new nuclear envelopes form around the two new nuclei
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Events of Meiosis (Chapter 10-1 study guide)

· There are two parts to the Meiosis step of the cell cycle called Meiosis I (PMAT I) and Meiosis II (PMAT II)
· Meiosis I is where the important events (called crossing over and independent assortment) occur that lead to genetic variation in the “daughter cells” (sperm/egg) to ensure that no two sperm/egg that an organism makes in its lifetime will be genetically identical.  

· This ensures the next generation will be genetically different from the previous one. Genetic variation is necessary for EVOLUTION!

Phases of Meiosis
	· Meiosis occurs in two PMAT phases: PMATI, PMATII 

· In Meiosis I, (PMATI), key events occur that ensures that the resulting gametes are all genetically different; all have a different combination of the man or woman’s genes. 
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MOST IMPORTANT PHASES OF MEIOSIS:
	Prophase I:

synapsis occurs: homologous chromosomes pair up. 

crossing over occurs: homologous chromosomes exchange their genes.  

 - SO, your maternal chromosomes no longer only contain the genes you inherited from your mother, now they are combinations of genes from both your mom and dad. 
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	Anaphase I: 

Independent assortment happens: The homologous chromosomes independently separate and move towards opposite ends of the cell.  Meaning = each chromosome of each maternal/paternal chromosome pair moves to one side or the other independently of every other pair of homologous chromosomes…ensuring that all gametes (sperm or eggs) have a different combination of the chromosomes you inherited from your mother and father.
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……………………………………………………………………………………………………………………

The BIG difference between the two versions of M phase are: 

· there will be 2, genetically identical, diploid cells at the end of Mitosis/cytokinesis
· there will be 4, genetically different, haploid cells at the end of Meiosis II/cytokinesis
………………………………………………………………………………………………………………………..

For more review:

Try the animation called “mitosis vs. meiosis: at http://www.pbs.org/wgbh/nova/miracle/divide.html
Cancer and the cell cycle (Chapter 9.3 study guide)
· Apoptosis = programmed cell suicide.  
· Can be a natural occurrence at a specific stage of development or can kick in when essential controls become deregulated (as may result from injury to chromosomal DNA) and cell cannot function normally.
· Cancer cells have a genetic mutation where this “safety mechanism” turned off…they cannot kill themselves or naturally die even though they should!  
· Cancer cells also keep dividing uncontrollably. They’re essentially immortal and they are no longer functioning as they should, just dividing over and over. The mass of cancer cells (called a tumor) crowds out the normally functioning cells, inhibiting their functioning.

· When cancer cells break off from the tumor, when they metastasize, they travel around the body lodging in new places and making more tumors.
………………………………………………………………………………………………………………………
Use of Karyotypes (refer to chapter 11.3 for more info)
To detect chromosomal abnormalities (like Down syndrome which is also known as trisomy 21) samples of fetal cells are taken and analyzed when they are in Metaphase.  
· The chromosomes are arranged in a picture called a karyotype. 
· In a karyotype, chromosomes are arranged by shape and size with their homologous partners so we can see all of the pairs and look for abnormalities.
Analyze these two karyotypes:
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	The different bands on the chromosomes represent locations (called “loci) of different genes
· Gene = specific DNA sequence that codes for either a protein or the instructions for protein-building
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Name:___________________________________________
Date:_________
Block: _____
Chromosomes and Cell Division Review

Answer the following question using your notes and chapters 9 and 10.1 and 11.3 of your text

1. [image: image13.png]


Asexual reproduction results in

	A. clones

B. offspring identical to the “parent”


	C. offspring that are different (have genetic variation) from “parent”

D. both A and B
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Sexual reproduction results in

	A. clones

B. offspring identical to the “parent”


	C. offspring that are different (have genetic variation) from “parent”

D. both A and B


3. Yes or No: Do prokaryotes have DNA? ______ 

4. Yes or No: Do eukaryotes have DNA? _________  

5. Yes or No: Do all living things have DNA? ______
6. DESCRIBE the shape of a prokaryote’s chromosome.____________________________________________

7. DESCRIBE the shape of a eukaryote’s chromosome. ____________________________________________
Where are the eukaryotic DNA/chromosomes located? ________________________
i. Remember that DNA can be found in 3 organelles…but ONLY one has DNA arranged into structures call CHROMOSOMES…these chromosomes carry your genetic inheritance!

8. If human somatic cells have 46 chromosomes, how many chromosomes does each gamete usually have?____
9. Complete the list of the three reasons for a eukaryotic cell to divide.
1.) ______________________________________________________
2.) reproduction (mitosis  = asexual reproduction, meiosis = for sexual reproduction)
3.) repair, replace damaged cells
10. Name the process of prokaryotic cell division ________________________________________

11. Complete the list of the 3 main phases of the eukaryotic cell cycle.
1.) ______________________________________
2.) M phase (mitosis or meiosis
3.) ______________________________________
12. [image: image15.png]


What happens when a eukaryotic cell is in interphase of the cell cycle?

	A. Nucleus divides

	C. Cytoplasm and its contents divide

	B. cell performs its functions while growing and copying DNA to prepare for cell division
	D. nothing!
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What happens when a eukaryotic cell is in M phase (mitosis or meiosis) of the cell cycle?

	A. Nucleus divides

	C. Cytoplasm and its contents divide

	B. cell performs its functions while growing and copying DNA to prepare for cell division
	D. nothing!
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What happens when a eukaryotic cell is in cytokinesis of the cell cycle?
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A. Nucleus divides

	C. Cytoplasm and its contents divide

	B. cell performs its functions while growing and copying DNA to prepare for cell division
	D. nothing!


15. Which type of cell has a “cleavage furrow” during cytokinesis?
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Plant 

B. Animal

16. Which type of cell builds a “cell plate” made of cellulose to separate the cells during cytokinesis?

A. Plant 

B. Animal
17. Cancer cells
	A. cannot perform apoptosis

B. are immortal
	C. results from a genetic mutation regulating the cell cycle

D. all of the above are correct responses


18. Write the names of the 4 phases of mitosis. Circle the specific phase where the sister chromatids separate from each other and move towards opposite ends of the cell.
19. Describe the event that occurs in meiosis I known as “crossing over”

_____________________________________________________________________________________
_____________________________________________________________________________________
A. Meiosis is the greatest reason for the genetic diversity in a sexually reproducing species. Why is crossing over during meiosis an important event to ensure the genetic diversity of the next generation?

______________________________________________________________________________

______________________________________________________________________________
20. LIST the names of the 8 phases of meiosis (both meiosis I and meiosis II)?  
(HINT: be sure to label each phase with a I or II; “prophase I” is different from “prophase II” in meiosis and “prophase” only occurs in mitosis, NOT in meiosis!)

A. CIRCLE the phase where both synapsis and crossing over occurs.
    
Meiosis I




Meiosis II  
  
21. Why would a doctor look at a karyotype of a fetus? __________________________________________
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