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UNIT 3 - Genetics and Heredity 

Basic Genetics -- Began by Mendel (1866)
Mendel developed the basic principles of heredity - principles of dominance, segregation, and independent assortment through the mathematical analysis of crossing pea plants.

The big idea: characteristics are inherited as the result of the transmission of hereditary factors

Hereditary - passed genetically or capable of being passed genetically from one generation to the next.
 Mendel - pea plants experiments

1. Used pure breeding, contrasting varieties.

2. Studied characteristics one at a time for many generations.
3. Used statistics in analyzing his results.

4. Obtained large numbers of offspring.

5. Chose pea plants that normally self-fertilize.

** Mendel had no knowledge of genes or chromosomes.

Genes are: 

- A set of coded instructions for specifying traits  

- Why offspring resemble their parents 

- The way hereditary information is transferred from one generation to the next
- Information carriers 

- The way inherited traits are determined 

- In every cell of our body there are 20,000 to 25,000* genes

- Inherited traits can be influenced by one or by many genes.  A single gene can influence more than one cell
Each human cell contains thousands of different genes.

Chromosomes - 

-  structures that hold our genes

 - 46 chromosomes in 23 pairs

- we get one of each pair from our mother in the egg, and one of each pair from our father in the sperm. 

-everyone should have 46 chromosomes in every cell of their body. 

-if a chromosome or piece of a chromosome is missing or duplicated, there are missing or extra genes respectively. 

-When a person has missing or extra information (genes) problems can develop for that individual's health and development. 

Structure: Each chromosome has a p and q arm; p (petit) is the short arm and q (next letter in the alphabet) is the long arm. Some of the chromosomes like 13, 14, and 15 have very small p arms. When a karyotype is made (see below) the q arm is always put on the bottom and the p on the top. The arms are separated by a region known as the centromere (red in picture), which is a pinched area of the chromosome. 

A karyotype is an actual photograph of the chromosomes from one cell.

http://www.chromodisorder.org/CDO/General/IntroToChromosomes.aspx
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Normal Male Karyotype - a female would have two X's instead of an X and Y

alleles: different forms of a gene associated with a particular characteristic  (ex. height -- tallness -- shortness) The alleles determine how each gene is expressed
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http://www.daviddarling.info/images/allele.gif
http://learn.genetics.utah.edu/content/begin/cells/scale/
Genotype and Phenotype

Every living organism is the outward physical manifestation of internally coded, inheritable, information.

Phenotype - This is the "outward, physical manifestation" of the organism. These are the physical parts, the sum of the atoms, molecules, macromolecules, cells, structures, metabolism, energy utilization, tissues, organs, reflexes and behaviors; anything that is part of the observable structure, function or behavior of a living organism.

Genotype - This is the "internally coded, inheritable information" carried by all living organisms. This stored information is used as a "blueprint" or set of instructions for building and maintaining a living creature. These instructions are found within almost all cells (the "internal" part), they are written in a coded language (the genetic code), they are copied at the time of cell division or reproduction and are passed from one generation to the next ("inheritable"). These instructions are intimately involved with all aspects of the life of a cell or an organism. They control everything from the formation of protein macromolecules, to the regulation of metabolism and synthesis.

The relationship between the genotype and phenotype is a simple one ...

The  genotype codes for the  phenotype

The "internally coded, inheritable information", or Genotype, carried by all living organisms, holds the critical instructions that are used and interpreted by the cellular machinary of the cells to produce the "outward, physical manifestation", or Phenotype of the organism.

Thus, all the physical parts, the molecules, macromolecules, cells and other structures, are built and maintained by cells following the instructions give by the genotype. As these physical structures begin to act and interact with one another they can produce larger and more complex phenomena such as metabolism, energy utilization, tissues, organs, reflexes and behaviors; anything that is part of the observable structure, function or behavior of a living organism.

http://learn.genetics.utah.edu/content/begin/tour/
Knowledge of genetics is making possible new fields of health care.   Mapping of genetic instructions in cells makes it possible to detect, and perhaps correct, defective genes that may lead to poor health.

Substances from genetically engineered organisms may reduce the cost and side effects of replacing missing body chemicals.

Punnett Squares and Pedigree charts

A Punnett square is a chart which shows/predicts 

all possible gene combinations in a cross of parents (whose genes are known). 

Genetic Problem using Punnett Squares - Example and Steps

Sample Problem -  *In pea plants, tall pea plants are dominant over short pea plants. Using Punnett Squares, you can predict the genotypes and phenotypes of the offspring of a cross between a homozygous (purebred) tall pea plant and a homozygous (purebred) short pea plant.

Step 1.

Designate letters that will represent the genes/traits. Capital letters represent dominant traits, and lowercase letters represent recessive traits. T = tall t = short

Step 2.

Write down the genotypes (genes) of each parent. These are often given to you or are possible to determine.

TT X tt
(tall) (short) - both homozygous (same) or purebred

Step 3.

List the genes that each parent can contribute.

Parent 1 Parent 2
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Step 4.

Draw a Punnett square - 4 small squares in the shape of a window. Write the possible gene(s) of one parent across the top and the gene(s) of the other parent along the side of the Punnett square.

[image: image4.png]



  Step 5.

Fill in each box of the Punnett square by transferring the letter above and in front of each box into each appropriate box. As a general rule, the capital letter goes first and a lowercase letter follows.

Step 6.

List the possible genotypes and phenotypes of the offspring for this cross.

The letters inside the boxes indicate probable genotypes (genetic makeup) of offspring resulting from the cross of these particular parents. There are 4 boxes, and the genotypic results can be written either as fractions or percents. In this case, all 4 boxes out of the 4 are showing the Tt genotype. Therefore, each of the offspring has a 4/4 or 100% chance of showing the Tt genotype.

We have also written the phenotype (physical appearance) in each box under the genotype. Remember, T = tall and t = short (see step #1 above). Since a capital letter indicates a dominant gene, T (tall) is dominant over t (short). Therefore, each of the offspring has a 4/4 or 100% chance of being tall.

What are the possible genotype(s) of a tall plant?

What are the possible genotype(s) of a short plant?

What would be the phenotype of TT?

What would be the phenotype of tt?

Why is the phenotype of Tt tall and not medium/average?
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http://activity.ntsec.gov.tw/lifeworld/english/content/images/en_gene_c4c.jpg
Pedigree Charts

· Shows a pattern of inheritance in a family for a specific trait (phenotype)

· Genotypes can usually be determined

· Why would we want to use a pedigree in genetics?

Track the occurrence of diseases such as:

The benefits of genetic research

The Symbols used:
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Sample pedigree:

· generations are numbered with Roman Numerals

oldest offspring are on the left
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How many males are present? How many females?

How many females show the trait being studied?

What is the sex of offspring III-9?

How many offspring did the generation I parents have?

What is the difference between the II-3 & 4 and IV-2 & 3?

http://www.biologycorner.com/worksheets/genetic_science_ethics.html
Inherited and Learned traits

Heredity or Environment – Which plays a greater role in the development of an individual?

- Both genes and the environment play a part in  development.

Learned and Inherited Traits

-  Genes influence behavior as well as

     appearance

- Instincts are inherited behaviors

- Some behaviors are learned from experience

    or watching others

- Human ability to speak is inherited, but

    language is learned.

- Dog tricks are learned

- The instinct to hunt is inherited, but the actual

    hunting is learned (cats, dogs, wolves)

Human genetic disorders

A genetic disorder is a disease that is caused by an abnormality in an individual's DNA. Abnormalities can range from a small mutation in a single gene to the addition or subtraction of an entire chromosome or set of chromosomes.

http://learn.genetics.utah.edu/content/disorders/whataregd/

