BIOS 1063-Chapter 8

I.  Chapter 8 Cellular Basis of Reproduction and Inheritance

A. Overview:  You start as a single cell Zygote (fertilized egg by a sperm). A parent cell that divides to form 2 genetically identical daughter cells is mitosis (also called asexual reproduction).  Mitosis is the process by which millions of cells are made every second in your body, new skin cells, new blood cells, new bone cells etc.  Mitosis is how our body maintains itself.  Old and damaged cells die, new cells are made.  Many organisms like the protists, amoeba and paramecium, reproduce by mitosis to make new organisms.  

Humans have 46 chromosomes.  Each of the 46 chromosomes replicates itself to form a copy before Mitosis or Meiosis occurs.  The two identical chromosomes (the original + the copy) will join together to form Sister chromatids.
Chromosomes have hundreds of genes on each one.  Humans have 46 chromosomes and we have approximately 35,000 genes on the 46 chromosomes.

II. Cell Cycle and Mitosis 

A.  Cell Cycle

G1, S, and G2= Interphase of the cell cycle.  90% of a cell’s cycle is spent in interphase.  

S phase-DNA replicates-S stands for synthesis of new DNA.

B. Mitosis:  Cells divide into 2 daughter cells with identical chromosomes and genes.  Human cells have 46 chomosomes, and they undergo mitosis they make 2 identical daughter cells with each one containing 46 chromsomes.  The 2 daughter cells are genetically identical to the parent cell that divided.

You do need to know the following:

1. Sister chromatids line up across the equator of the cell during metaphase 

2. Cytokinesis is the separation of cytoplasm to form 2 daughter cells.  Cytokinesis occurs during Telophase.  

III. Cancer cells-growing out of control.  There are controls that set the timing of the cell cycle.  The controls are proteins that signal the cell when to start the different parts of the cell cycle.  They determine how long a cell spends in G1, and G2 (these are the longest parts of the cell cycle). Sometimes there are mutations in the cell cycle control proteins.  This causes cancer.

It takes an average of 3-5 mutations in a cell for it to become malignant.

A. Benign tumors vs malignant tumor

1. Benign tumors-normal looking cells just go through mitosis a little faster than normal cells-noninvasive to other tissues.

Benign tumors can turn into malignant tumors  if further mutations occur.

2. Malignant tumors-cells do not look normal in biopsy-cells are constantly going through mitosis-No G1 or G2 phases of the cell cycle.  These cells just replicate their DNA and start mitosis.  These tumor cells are invasive into other tissues and will break off into the lymphatic system or the circulatory system-metastases.

Proto-oncogenes-genes that code for normal growth factors (cell cycle control proteins).  They may become oncogenes (cancerous) when they turn on and stay turned on.  
Cancer caused by 3 major factors:

1.  Viruses insert their DNA into host DNA and the proto-oncogenes becomes an oncogene-Human Papilloma virus responsible for cervical and ovarian cancer, and Epstein Barr virus causes lymphoma.

2. Environmental chemicals- chemicals can cause mutations in the genes that make the cell cycle control proteins.

3. Radiation-(from sunlight UV rays; x rays; radon) cause mutations in genes that make the cell cycle control proteins. 

IV. Meiosis = Sexual Reproduction: 2 different cells (egg and sperm) must fuse their nuclei to form a zygote.  (Slides 27-36)
A. Homologous chromosomes are the pairs of chromosomes that we get 23 from the egg egg nucleus (1n) and 23 from the sperm nucleus (1n) that code for the same genes-Karyotype  Because we have pairs of chromosomes we are diploid (2n) organisms.  2n = 46 chromosomes

B.  Gametes are your sex cells (eggs that are made in the ovaries) and sperm that are made in the testes.  (In plants sperm is found in pollen, and eggs in ovaries).  Gametes consist of one 1 set of chromosomes (23) in the nucleus.  In the ovaries and testes, diploid cells (2n = 46 chromosomes) go through meiosis to produce haploid eggs and sperm with half the number of chromosomes (1n = 23).  

C. Process of Meiosis-diploid cells go through 2 rounds of cell division and only replicate their chromosomes in the first round. In the ovaries and testes. The diploid cell will go through 2 rounds of division to make 4 haploid  (1n) cells, each with 23 chromosomes.  4 x 23 = 92

2n=46 is diploid, haploid is n=23 in humans

What if 2n=6?  Haploid is 1n = __3_____

What if 2n =36? Haploid is 1n =______

What if 2n = 200? Haploid is 1n=_______

SUMMARY:

Mitosis:  a diploid cell always makes 2 diploid daughter cells with identical chromosomes.  A diploid cell with 100 chromosomes would make 2 daughter cells, each with 100 chromosomes.  Daughter cells are identical to the diploid  parent cell.

Meiosis:  a diploid cell always makes 4 haploid daughter cells.  A diploid cell with 100 chromosomes would make 4 gamete daughter cells each with 50 chromosomes.  Gametes (eggs and sperm) always contain half the number of chromosomes as the diploid parent cell.  

VI.  When Meiosis Goes Wrong

A.   Nondisjunction- major cause of whole chromosome abnormalities.  Chromosomes don’t separate during  anaphase in meisois I or meiosis ll.  Down Syndrome Trisomy 21.  3 copies of chromosome 21 causes Down Syndrome

C. Abnormal Numbers of Sex Chromosomes-XXY-Klinefelter syndrome-males have reduced testis size and sterility- breast formation-very little beard growth.

XO Monosomy-Turner syndrome-females have only 1 X chromosome-reduced ovaries results in sterility- little or no breast development 

Alterations in Chromosome Structure:  sometimes it is not the whole chromosome that is a problem, but pieces of chromosomes containing certain genes become the problem. 

1. Deletion;  1 or 2 genes may be deleted during meiosis.  

2. Duplication:  1 or 2 genes may be duplicated

3.  Inversion: a segment of genes become inverted 180 degrees. 

4.  Translocation:  a piece of one chromosome is translocated another chromosome.  

Patterns of Inheritance

I Gregor  Mendel- (Austrian Monk)  Never met Charles Darwin.

1860s—In the 1900s—he was recognized as the Father of Genetics

He used Pea plant genetics:  Flower color:

Purple flowers  crossed with white flowers:  Mendel expected pink flowers.  Instead he found 3 purple flowers and 1 white flower out of 4 plants

Alternate forms of a gene are called alleles.  We always have 2 alleles because we are diploid organisms.  You have 23 pairs of chromosomes.  Each pair of chromosomes codes for the same genes, for example, hair color, and height, are coded on the same chromosome pair.   This does not mean they are identical.  For instance the gene for hair color, may code for blonde hair or brown hair.  These are alleles.  

Humans have 46 chromosomes-23 homologous chromosomes

Homologous  1 set  mom (egg) 1 set from dad (sperm)

Genes code for certain characteristics.  Many genes are on every chromosome.
Alleles are two types (alternate forms) of the same gene (blue eyes or brown eyes)  
Gene locus is the location of the gene on the chromosomes
Alleles are denoted by letters of the alphabet. 

Some alleles are dominant over the other alleles-for instance you may have heard that brown eyes are dominant over blue eyes.  

Dominant alleles are given capital (upper case) letters;  B = Brown

Recessive alleles are given as lower-case letters; b = blue

Homozygous-an individual has 2 identical alleles at a gene locus

BB or bb; 

BB= brown eyes, Homozygous Dominant 

bb = blue eyes- Homozygous Recessive,
Heterozygous-individual has 2 different alleles at a gene locus.  

Bb = brown eyes Heterozygous Dominant
Phenotype-physical appearance of the individual

Genotype- refers to the alleles an individual receives at fertilization

Human Traits

Interlace your hands together 

Does your left thumb cross over your right thumb?

Left thumb cross over is dominant - LL, Ll are the possible genotypes

Right thumb cross over is recessive ––ll is the genotype

Monohybrid Cross is when we look at heterozygous parents for one trait.   Phenotypic ratio is 3:1  Just like Mendel found with flower color.  He found 3 purple flowers and 1 white flower; so which color is dominant and which color is recessive?

Autosomal recessive disorders:  Cystic Fibrosis.   If a child receives both recessive alleles (one from the egg and one from the sperm) for cystic fibrosis, then the child will have cystic fibrosis.  Two parents can be healthy but if they are heterozygous for the cystic fibrosis alleles; they can be carriers for this disease and produce a child with cystic fibrosis.

IV. Codominance

A. Blood types -  Blood type A or B

You have proteins A or B on the plasma membrane of your red blood cells. 

If you have red blood cells (RBCs) with the A protein on the surface-you have type A blood.

If you have RBCs with the B protein on the surface, you have type B blood.

However some individuals have AB blood type so both proteins appear on the surface of RBCs.  The 2 capital letters means both alleles are coding for an effective product.  

A or B is always dominant to O.

Blood type Phenotype:  

Genotypes Possible

A





AO, AA

B 





BO, BB

AB





AB

O





OO

Have you ever seen those soap operas where a woman has to rush her child (who was in an accident) to the hospital and the father comes up to give blood.  Oh My!!!!! He is not the daddy!!!.  How can they tell if someone is not the biological father of the child.  

Because the blood type is determined by the two alleles they get, 1 from the mom’s egg and 1 from the father’s sperm.

Suppose a women has Type A (genotype AO) blood and the man she is married to has type AB blood.  Their child has type O blood.  Is he the biological father?







Father’s







Sperm alleles

	Egg
	A
	B

	A 
	AA

Type A
	AB

TypeAB

	O
	AO

Type A
	BO

Type B


The only blood types in the children that this couple can produce are Types A, B, or AB.  No type O because the father has no O allele to donate to the child.  

You need OO to have type O blood.  The mother has an O allele because she is AO, but the father is AB.  Where would the other O allele come from???

The biological father of this child had to have BO, AO, or OO type blood in order to donate an O allele in the sperm. 

Rh factor.  Rh refers to another protein found on the RBCs.  Rh is named for Rhesus monkeys because this is where they were first discovered on the RBCs.  

If you have negative blood then your have no Rh proteins on your RBCs.  If you have positive blood, then you do have Rh proteins on your RBCs.   

Rh + is dominant to Rh-.

Can two Rh – parents have an Rh + child?

No they cannot.  Rh – is recessive.  

Father is Rh-; he can only make sperm carrying the rh- allele

Mother is Rh-; she can only make eggs carrying the rh - allele







Sperm

	Egg
	Rh  (-)
	Rh (-)

	Rh (-) 
	(-) (-)


	(-) (-)



	Rh (-)
	(-) (-)


	(-) (-)




All their children would be Rh -.

If someone has A- blood?  What does this mean?  

He has only A proteins on his RBCs.  

If someone is O + blood?  What does this mean?  

They have only Rh proteins on their RBCs.

VI. Incomplete Dominance:  The heterozygous alleles give an intermediate condition between the homozygous dominant and homozygous recessive alleles.  Curly hair (CC) is a homozygous dominant trait.  Straight hair  (cc)  is a homozygous recessive trait cc.  If a child is heterozygous Cc for these alleles, the child will have wavy hair.  

Hypercholesterolemia is a genetic disorder where people carry high amounts of cholesterol in their blood.  The liver cells have LDL receptors that pick up the LDL particles that carry cholesterol in the blood.  People who are homozygous dominant HH are normal.  They have the normal number of LDL receptors on their liver cells.  

People who are heterozygous Hh have a mild form of the disease (they have 50% of the normal number of LDL receptors on their liver cells).  These people will have to take medication to control their cholesterol level.  Those people who are homozygous recessive hh usually have heart attacks at very young ages, because they have no LDL receptors on their liver cells.  They cannot remove cholesterol from their blood.  

VlI.  Sex Chromosomes

XX chromosomes denote a female and XY chromosomes denote a male.  Females have XX chromosomes.  She can only make eggs with an X chromosome.  The father is the only one who can donate the Y chromosome to make a male child.  The fathers sperm can carry an X chromosome or a Y chromosome.  If the Y carrying sperm gets to the egg first, you will have a male child.  If the X carrying sperm gets to the egg first, you will have a female child.  

In addition to genes that determine sex, the sex chromosomes carry genes for traits that have nothing to do with the sex of the individual.  The term sex-linked

Or x-linked is used for genes carried on the X chromosome.  The Y chromosome does not carry these genes and indeed carries very few genes usually testosterone, those genes that code for maleness.  

X-linked Alleles:  Color Blindness, hemophilia, muscular dystrophy.

Males are more likely to have X-linked disorders than females because a female gets 2 X chromosomes and male only get 1 X chromosome.  

Suppose a female who is a carrier for color blindness:  XCX marries a man who is normal XY.   






Sperm alleles

	Egg
	X
	Y

	XC 
	XXC

normal
	XCY

colorblind

	X
	XX

normal
	XY

normal


All of their daughters will have normal vision (1 will be a carrier XXC

but she will not be color blind) , but the sons they will have a 50% chance of being color blind or normal.

