Mr. Galloway 
Biology 10th    Ch 8 NOTES: Cell Reproduction – Updated 08-09


8.1 Chromosomes
8.2 Cell Division
8.3 Meiosis



* Use the textbook, online PowerPoint, and class worksheets for further clarification.
8.1 Chromosomes


Psalm 139:13-14
For You formed my inward parts; You covered me in my mother's womb.

I will praise YOU, [God-esteem, not self-esteem] for I am fearfully and wonderfully made;

Marvelous are Your works, And that my soul knows very well.”

DNA = Deoxyribonucleic Acid
(© Designed Not Accidental – for Sid’s Kids)
The CELL is the simplest thing worthy of being called “LIFE”.
The Law of Biogenesis falsifies the evolutionary hypothesis (underlying belief) that a cell arose spontaneously from non-living chemicals in a primordial pond.
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DNA Complexity: Six billion nucleotides.  
If a cell were the size of a basketball, the DNA would be over 40 miles long.

Chromatin - In between cell division, the DNA is not tightly coiled, but loosely arranged, and its codes can then be read by the cell to direct the cell’s activities.

Chromosomes - During cell division in eukarotic cells the DNA is coiled into very compact chromosomes, made of both DNA and proteins.  
(Remember the onion root cells, Allium, we viewed in the lab, and those few with visible chromosomes.)
Each chromosome is a single DNA molecule wraped tightly around proteins called histones.

There are nonhistone proteins which merely help in the controlling of activity in specific regions of DNA.

Prokaryotes – have much simpler chromosomes usually composed of only one chromosome.
Chromatid – each chromosome consists of two identical halves called chromatids (= copies)

* Chromatids form as DNA copies itself to prepare for cell division.

* Chromatids are held together by a centromere until separation at cell division.

* At division, the centromere splits, so the two new cells receive one chromatid 
from each chromosome.

CHROMOSOME NUMBERS
Species Specific Number – each species has a characteristic number of chromosomes in its cells.


* Humans: 46 (23 pairs)


* Chimps, potatoes, plums: all have 48 chromosomes

Sex Chromosomes vs. Autosomes -


* Sex Chromosomes (In humans = X or Y) (Male = XY, Female = XX)


- Determine male or female, and can carry genes for other characteristics.

* Autosomes = all other Chromosomes. (Humans 44 autosomes)

* Homologous Chromosomes (Homologues) = two copies of each autosome, 
                  one from each parent during sexual reproduction.


- They are the same size and shape and carry the same genes for the same traits.


- If one chromosome in a pair contains a gene for hair color, the other does also.

* Karyotype = a photomicrograph of the chromosomes in a dividing cell.



- 22 homologous pairs, plus two sex chromosomes

Diploid and Haploid Cells


* Diploid (2n) = cells having two sets of chromosomes 



- all body cells, except sex cells are diploid.


* Haploid (1n) = sex cells (sperm or eggs), containing only one set of chromosomes.



- have only one chromosome of each homologous pair, and only one sex chromosome.



- A sperm (1n) + an egg (1n) create the first diploid (2n) cell of a new creature.


- If the sex cells were diploid, then the new cell would have too many 



chromosomes and would malfunction.



8.2 Cell Division

Law of Biogenesis = “Life comes from life”  Ultimately all life comes from the living God.

“Cells come from other cells.”


- All cells come from the division of preexisting cells.


- Cell division produces offspring cells.

Prokaryotic Division =simple binary fission

* The single chromosome copies itself.

* A cell wall grows between the two copies, until two cells are formed.
Eukaryotic Cell Division:  

* Two types (Mitosis and Meiosis)


I. Mitosis = produces 2 body cells with identical genetic material as the original.


II. Meiosis = reduces the chromosome number by half in the sex cells. (haploid)



        Meiosis produces four haploid cells, since in involves two divisions.
Bio-Logical Mitosis Math:
· Scientists investigating cancer might need to know the number of cells produced in a certain amount of time. 

· In the human body the rate of cancer mitosis is about 25 million (2.5 x 107) cells produced every second! 

· You can calculate the number of cells produced by mitosis in a given amount of time.
· How would you find the number of cells produced in 3 minutes? 
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I. Mitosis and the Cell Cycle Before, During, and Afterward:

* Mitosis is the repeating set of events composing the life of a cell.

* There are two periods:  Interphase and Cell Division

A. Interphase is the time between divisions, and is divided into three phases.


1. G1 phase – offspring cells grow to mature size



(= Gap after division and before DNA replication)


2. S phase – The DNA is copied



3. G2 phase – Gap after DNA synthesis and before cell division.



(The cell is preparing for division.)


* Cells can exit the G1cell cycle at G1 and enter a state called Go phase.




(In G0 , nerve cells for example stop dividing.)

B. Cell division is divided into two phases: (Mitosis and Cytokinesis)


1. Mitosis (M phase) when the nucleus divides



(Four phases: prophase, metaphase, anaphase, telephase)




a) Prophase – The DNA which was copied in S phase, now supercoils.





Nucleolus and nuclear membrane break down.





Centrosomes with centrioles move to poles.  





(Plants have no centrioles.)




Spindle fibers (microtubules) radiate from them.





Mitotic spindle is this array of fibers.





(Kinetochore fibers connect to the kinetochore of centromeres.)




(Polor fibers extend from centrosome to centrosome.)



b) Metaphase – kinetochore fibers pull chromosomes to center of cell.



c) Anaphase – centromeres & chromatids of each pair separates.





Each new chromosome moves slowly to opposite poles.




d) Telophase – spindle fibers disassemble and chromatin mass forms.




(new nuclear envelope forms around each set of chromosomes)



2. Cytokinesis when the cytoplasm of the cell divides




* Animals cells pinch inward at the middle (cleavage furrow) till divided.



* Plant cells form a cell plate at the midline 
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Memory tool = I-PMAT-C
	Interphase
	I is for Interlude  - chromatid, centromere

	Mitosis: Prophase
	P is for Prepare  - centriole, spindle

	Mitosis: Metaphase
	M is for Meet  - metaphase middle plate

	Mitosis: Anaphase
	A is for Apart  - spindle fibers, poles of cell

	Mitosis: Telophase
	T is for Two  - two new nuclear membranes

	Cytokinesis
	C is for cytoplasm cleaves apart
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(Answers for a-d above are found in the PowerPoint online, and the class worksheets.)


8.3 Meiosis

Meiosis is a process in which gonad cells divide twice to produce haploid cells.

* Gonads are sex organs (ovaries and testicles).

* Gametes (sex cells – sperm and eggs) are the resulting haploid cells.

* Cells preparing for meiosis first undergo the G1, S, and G2 phases of interphase.

* Meiosis I and Meiosis II are the names for the two divisions of Meiosis.


* There are some important differences in the stages compared to mitosis.

Meiosis I – Has four stages (Prophase I, Metaphase I, Anaphase I, Telophase I / Cytokinesis

* Prophase I – Similar to mitotic prophase except for Synapsis.


Synapsis is where the homologues pair up & twist around one another.


Tetrads is the term for these paired homologues (four chromatids).


Crossing-Over then occurs where parts of the chromatids exchange genes.


Genetic Recombination is the result, which increases variation.

* Metaphase I – the tetrads line up randomly along the mid-line of he cell



Spindle fibers from one pole attach to one centromere of one homologue.



Spindle fibers from the other pole attach to the other homologue’s centromere.


* Anaphase I – the spindle fibers randomly pull the homologues to separate poles.


- Independent Assortment is the term for the random separation.


- Note that the centromeres do not split the chromatids at this point.


- The homologous chromosome (consisting of two chromatids) stays intact.

* Telophase I – is the final phase of Meiosis I, and the chromosomes reach the poles.



- Cytokinesis then begins to separate the cytoplasm into TWO new cells.

** At this point, the TWO new cells contain a HAPLOID number of chromosomes, 
                    yet each has two sister chromatids (copies) attached by a centromere.
Meiosis II - the DNA is NOT duplicated again for meiosis II.

* Prophase II – spindle fibers form and begin moving chromosomes to midline.


* Metaphase II – chromosomes are at the midline, facing the poles.

* Anaphase II – chromatids separate at the centromeres and move to opposite poles.


* Telophase II & Cytokinesis results in 4 haploid cells, each with a single chromatid.
Formation of Gametes-


* Spermatogenesis = male testes cell produces four gametes called spermatids.


* Oogenesis = female ovaries produce eggs (ova), 
    but only one ova (not four) is produced from the meiotic divisions of each ovary cell.
· The other three “donate” most of their cytoplasm to the one mature ova, 
        so that it has plenty of energy reserves to grow once it is fertilized by a sperm.
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(Answers for a-d above are found in the PowerPoint online, and the class worksheets.)

Asexual Reproduction – is the production of offspring from one parent.

* Usually does not involve meiosis or the union of gametes.


* Unicellular bacteria use binary fission or mitosis.


* Multicellular asexual reproduction results from budding off of portions of the body.


* The offspring of asexual reproduction are genetically identical to the parent.
Sexual Reproduction – is the production of offspring through meiosis and sperm/egg union.


* Offspring are genetically different, since the genes of both parents are combined.

* The variation potential for different human combinations is 10 to the 2000th  power.



- Note the estimated number of atoms in the universe is only 10 to the 80th power.

Supplemental GLOSSARY– Chapter 8 Cell Reproduction
These are from the textbook, so they may be stated a bit differently from mine.

This is GOOD, since you need to learn the concept, not just one rote definition.

anaphase a phase of mitosis and meiosis in which the chromosomes separate (150)

asexual reproduction the production of offspring that does not involve the union of gametes (156)

autosome a chromosome that is not a sex chromosome (146)

binary fission an asexual cell division of prokaryotes that produces identical offspring (148)

cell cycle the events of cell division; includes interphase, mitosis, and cytokinesis (149)

cell plate a membrane that divides newly forming plant cells following mitosis (151)

centriole a structure that appears during mitosis in animal cells (150)

centromere a region of the chromosome where the two sister chromatids are held together and which is the site of attachment of the chromosome to the spindle fibers during mitosis (146)

centrosome a dark body containing a centriole in animal cells but not in plant cells; spindle fibers radiate from the centrosome in preparation for mitosis (150)

chromatid one of two identical parts of a chromosome (146)

cleavage furrow the area of the cell membrane that pinches in and eventually separates the dividing cell (151)

crossing-over the exchange of genes by reciprocal segments of homologous chromosomes during meiosis (153)

cytokinesis the division of the cytoplasm of one cell into two new cells (149)

diploid a cell that contains both chromosomes of a homologous pair (147)

gamete a reproductive cell (153)

genetic recombination the new mixture of genetic material after crossing-over has taken place (154)

G0 phase a phase of the cell cycle in which the cell is not dividing and its DNA is not replicating (149)

G1 phase the first period of interphase, in which the cell doubles in size (149)

G2 phase the final period of interphase, in which the cell undergoes rapid growth and prepares for mitosis (149)

haploid having only one chromosome of each homologous pair (147)

histone a protein molecule that DNA wraps around during chromosome formation (145)

homologous chromosome one of a pair of morphologically similar chromosomes (146)

independent assortment - in meiosis, random distribution of genes from different chromosomes to gametes (154)

interphase a period of cell growth and development that precedes eukaryotic cell nuclear division (149)

karyotype a picture of an individual’s chromosomes (147)

kinetochore a disk-shaped protein found in the centromere region of a chromosome that attaches the chromosomes to the mitotic spindle (150)

kinetochore fiber a spindle fiber that extends from the centrosome at one pole of the cell to a chromatid during mitosis (150)

meiosis the process of nuclear division that reduces the number of chromosomes in a cell by half (148)

metaphase the second phase of mitosis, during which all the chromosomes move to the cell’s equator (150)

mitosis eukaryotic nuclear division (148)

mitotic spindle the array of spindle fibers that serve to divide the chromatids during nuclear division (150)

M phase mitosis; the phase of cell division in which the nucleus divides (148)

oogenesis the production of mature egg cells (155)

polar body = 1 of 2 cells produced and discarded during each of the two meiotic divisions that yield the haploid egg (156)

polar fiber fibers that extend across a dividing cell from centrosome to centrosome (150)

prophase the first stage of mitosis and meiosis, characterized by condensation of chromosomes (150)

sex chromosome a chromosome that determines sex (146)

sexual reproduction - of offspring from the combination of genetic material from two parent organisms (156)

spermatid in meiosis, a haploid cell that develops into a mature sperm cell (156)

spermatogenesis the production of sperm cells (155)

S phase the second period of interphase during which replication of DNA occurs (149)

spindle fiber one of the microtubules that assists in the movement of chromosomes (150)

synapsis the pairing of homologous chromosomes during meiosis (153)

telophase - final stage of mitosis when a nuclear membrane forms around each set of new chromosomes (151)

tetrad a group of two homologous chromosomes during meiosis (153)
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