Essential Concepts: Meiosis and Mendelian Genetics

Obj 1  Compare the products of meiosis to the products of mitosis

Meiosis is like mitosis in that it involves the separation of genetic information into new cells.  However there are important differences.


Mitosis
Meiosis

Which cells undergo process?
Body cells.  Only eukaryotes.
Sex cells (in our ovaries and testes).  Only eukaryotes.



Number of cells resulting?
Two identical daughter cells
Four daughter cells that are not alike

Chromosomes?
Each daughter cells has the same number of chromosomes as its parent cell
Each daughter cells half as many chromosomes as its parent cell

Resulting cells?
More body cells
Sperm and eggs



Obj 2 Contrast diploid cells to haploid cells

Human body cells all contain two sets of chromosomes (one form the person's mother and one from the father).  Our body cells have two complete sets of 23 chromosomes, a total of 46.  

A body cell (also called a somatic cell) has two sets of chromosomes and is called diploid, indicated by using the shorthand "2N."  

Human gametes (eggs and sperm) contain only one full set of chromosomes and are called haploid, and indicated by using the shorthand "1N."  

Obj 3  Describe the life cycle of diploid organisms.

When a sperm cell (haploid, with one set of chromosomes) fuses with an egg cell (also haploid with one set of chromosomes) during fertilization, a diploid cell results – which is called a zygote and which grows into a mature diploid organism (like you).

When a diploid cell undergoes mitosis, two identical diploid cells result.  When a diploid cell undergoes meiosis, four different haploid cells result.  When fertilization takes place, two haploid cells fuse to form one diploid cell (called a zygote) as outlined below.  

Organism

Undergoes
To yield
Fuse to form

Undergoes
To yield
Male human (2N)
   meiosis
sperm (1N)






    

zygote (2N)  
mitosis

baby (2N)

Female human (2N)  meiosis
egg (1N)    

Obj 4 Define the terms homozygous, heterozygous, dominant allele, recessive allele, genotype, and phenotype.

As we learned previously, genes control the proteins that determine our traits, and we have two genes for each trait in our diploid cells (one from Mom and one from Dad).  We also learned that there is often more than one version of a gene; the different versions are called alleles.  If we receive different alleles from our parents, several results may emerge, depending on the gene.  Sometimes the characteristics merge, and the trait appears to average out.  A rabbit with a very dark gray father and a light gray mother may end up a shade somewhere in-between.

Often, however, one allele will dominate.  If a fruit fly has a gene for white eyes from one parent and black eyes from the other parent, it will exhibit black eyes.  We say the black-eye allele is dominant and the white-eye allele is recessive.
When both alleles of a gene are the same (say two black-eye alleles), we say the organism is homozygous for that trait.  When an organism has two different alleles for a trait, we say it is heterozygous for that trait. 

The actual genetic makeup of an organism is called its genotype.  The form of a trait that is observed is called phenotype.  For instance although the genotype of the fruit fly described above is heterozygous for eye color (it possesses genes for both black and white eyes).  The phenotype of that fruit fly is black-eyed.

Obj 5 Use Punnett Squares to determine the outcome of monohybrid crosses.

If both parents are homozygous for a particular trait, their offspring will either be homozygous also (if both parents carry the same allele) or heterozygous (if the parents are homozygous with different alleles).  If one or both parents are heterozygous, the offspring will be mixed in predictable ways.  The outcome of a cross of parents can be predicted using Punnett squares.  A Punnett square is a grid used for organizing genetic information.  (A monohybrid cross is one that considers only one trait at a time.)

The steps for correctly using a Punnett square are:

1. Define letters to represent alleles. Use UPPER-CASE letters to represent dominant alleles and lower-case letters to represent recessive alleles. 

2. List the alleles in the gametes (the genotypes) of the parents.

3. Place the alleles of the gametes of one parent along the top of the grid and those of the other parent along the left side.

4. Combine the alleles inside the boxes of the Punnett square.

Determine the genotypes and phenotypes of the offspring inside the boxes.

