UNIT E – NOTES #3 - MUTATIONS

 

I) Chromosomal Mutations – affect a chromosome and therefore many genes.  Example:  Down’s syndrome.

 

II)Gene Mutations – affect a single gene.  Example sickle cell anemia.

 

** Further Classified as to where they occur:

Germinal Mutation – (inherited)—a change or mutation of a sex cell. (egg or sperm), so all body cells of offspring will inherit that defective DNA.  (Germinal mutations can be chromosomal or gene mutations).
 

Somatic Mutation – a mutation that occurs in a body cell after the organism's development is underway.  Only some cells are affected. Example:  Birth marks, Cancer.

Causes of Mutation : 
Can arise spontaneously (due to an unknown cause) or they may be caused by an environmental factors.

 

A factor that increases the chance of a mutation is called a MUTAGEN
Environmental Mutagens :

1)  Chemicals –        heavy metals, pesticides/fertilizers, industrial chemicals
2)  Radiation –(invisible short wavelength from electromagnetic spectrum)

- The greater the exposure the greater the risk.
X- Rays, UV Radiation, Gamma Radiation, Radon gas
 

- Suspected mutagens are tested on bacteria such as Fruit flies, and then mammals (rats, mice).  If mutations (such as cancer) develop, the government restricts its use.

- Mutagens that lead to an increased chance of cancer are called CARCINOGENS.
I) CHROMOSOMAL MUTATIONS
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- During the process of meiosis (a type of cell division that makes sex cells), homologous chromosomes separate out into different gametes (sex cells).  Example: One Chromosome #3 goes into sperm #1, then its homologous pair, your other Chromosome #3 must/SHOULD go into sperm #2.

- Also during meiosis, before separating out from one another, homologous chromosomes may undergo a process called CROSSOVER. During healthy crossover, a portion of Chromosome #3 (paternal-from your Dad) may break off and at the same time a matching portion of Chromosome #3 (maternal-from your Mom) breaks off and then they re-attach onto the homologous chromosome.
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*** Things can go wrong during this process !

1.   DELETION – A piece breaks off, but it never gets replaced with its counterpart. So a bunch of genes are lost on that chromosome.
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Example:  Deletion off of Chromosome #7 – Missing 25 genes = Williams Syndrome:

[image: image6.jpg]


[image: image7.jpg]



Deletion off of Chromosome #5 = Cri Du Chat Syndrome.
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2. DUPLICATION – A piece of one chromosome attaches onto the other homologous chromosome, but its counterpart never broke off and left that chromosome. So now that chromosome has two full sets of the same genes.  That sounds like no big issue, but the cell's machinery does not know what to do.
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 3. INVERSION – Portion of a chromosome breaks loose and re-attaches onto its homologous partner, but accidentally re-attaches in a backwards order (upside down)
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4. TRANSLOCATION—exchange of chromosome pieces, but this time the exchange take place between 2 different (non-homologous) chromosomes.
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Example : DOWN  SYNDROME – A chromosomal translocation. 
The majority of DS is caused by having three chromosome #21s.

- But a small percentage of Down Syndrome may also occur when part of chromosome #21 becomes attached to another chromosome.   (#’s 12, 14, 15, or 22)
II - GENE MUTATIONS

Gene Mutations– affect a single gene.  They result from 1 or more nucleotides getting changed.

 * Categorized as being either: 

A) FRAMESHIFT  (all codons beyond that spot are affected)




B) POINT (change to only one codon)

A)  FRAMESHIFT MUTATION: One nucleotide with its base is either removed or an extra nucleotide is added into the gene.

Example:  Normal healthy gene       CAT/GTT/TAG/TAC
 

ADDITION      

CAA/TGT/TTA/GTA/C (added an extra A)

 



*everything shifted one spot to the right

DELETION
 
CTG/TTT/AGT/AC (lost the first A)
 



*everything shifted one spot to the left

In both cases, all the codons beyond the mutation are messed up, so all the entire polypeptide will be full of the wrong amino acids in the wrong spots. Protein has improper shape and therefore it will not properly function.

 
B) POINT MUTATION:
One nucleotide with its base gets replaced with a new nucleotide with a different base.
Example:  Normal healthy gene:  CAT/GTT/TAG/TAC

Mutated Gene :     TAT/GTT/TAG/TAC (the C was replaced with a T)
 

Three possible outcomes may take place:

1) SILENT Point Mutation: One base is replaced with another, but the new codon still codes for the same Amino Acid, thanks to the DEGENERACY of the genetic code table.

Example: Normal healthy gene:      CAT/GTT/TAG/TAC





mRNA (   GUA/ CAA/ AUC/ AUG



Polypeptide (       Valine/Glutamine/Isoleucine/Methionine



Mutated Version :
  CAG/GTT/TAG/TAC




       mRNA (   GUC/ CAA/ AUC/ AUG



Polypeptide (       Valine/Glutamine/Isoleucine/Methionine

GUU, GUC, GUA and GUG all code for VALINE, so the polypeptide ends up with the proper primary structure and the protein works perfectly fine. 

2. MISSENSE Point Mutation: One base is replaced with another, now the new codon codes for a different Amino Acid.

Example: Normal healthy gene:      CAT/GTT/TAG/TAC





mRNA (   GUA/ CAA/ AUC/ AUG


Proper Polypeptide (       Valine/Glutamine/Isoleucine/Methionine




Mutated Version :
  CGT/GTT/TAG/TAC




       mRNA (   GCA/ CAA/ AUC/ AUG


Mutated Polypeptide (       ALANINE/Glutamine/Isoleucine/Methionine

Now the mutated polypeptide has an ALANINE with a totally different R-Group on it than the R-Group found on VALINE.  So the polypeptide will NOT take its perfect shape, and it will likely be unable to perform it function.
Example:  SICKLE-CELL ANEMIA – substitution of a base to produce a different amino acid in the blood protein Hemoglobin
-results in abnormal hemoglobin molecules.

-prevalent in African Americans (10% carry the trait)

-causes decreased ability for the blood to carry oxygen.

-2 chromosomes: People with 1 normal form of the gene and 1 sickle form of the gene have several health issues, but they actually have some protection from getting Malaria. If both chromosomes are sickle, the condition is almost always fatal.
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3.NONSENSE Point Mutation: One base is replaced with another, but now the new codon codes for a STOP factor to tell the ribosome that translation is done.

Example: Normal healthy gene:      CAT/GTT/TAG/TAC





mRNA (   GUA/ CAA/ AUC/ AUG


Proper Polypeptide (       Valine/Glutamine/Isoleucine/Methionine




Mutated Version :
  CAT/ATT/TAG/TAC




       mRNA (   GCA/ UAA/ AUC/ AUG

Mutated Polypeptide (      

 Valine/STOP
** This is always disastrous, as the real polypeptide may require 1833 amino acids in their proper primary structure, but this mutated polypeptide may only end up with 422 amino acids.  So that protein cannot even be close to have the same shape and therefore it is useless. 
Chromosome #1 in your cells contains over 2000 genes !!





The last pair are the Sex Chromosomes. The one shown here has an X and a Y, therefore this individual is genetically male





Chromosome #21





Chromosome #14








