DNA-Based Mutations

Mutation -- a biological ‘error’ (some are ‘good’, some are ‘bad’).

-- the ‘good’ mutations produce genetic variation/diversity, which drives EVOLUTION.


-- the ‘bad’ mutations tend to lead to illness/death of the organism.

Two Major Classes of Mutations:

1.  Gene Mutations -- error during one of the processes that involves base-pairing of nucleic acids (eg. DNA replication, transcription, translation), or, error perpetuated by base-pairing process.  *focus of Bio 12

2.  Chromosomal Mutations -- where an entire chromosome is affected.

eg.  Trisomy 21 (3 copies of chromosome 21 in cells instead of 2) -- Down Syndrome.      

-- caused by errors during Mitosis of somatic cell chromosomes and/or Meiosis of sex cell chromosomes.

Gene Mutations

-- usually occur during DNA replication which means that the errors would be evident in future cells, since DNA replication is highly conserved (ie. once the error is ‘missed’ by DNA Polymerase, it will persist).

- errors during DNA replication occur once per one billion base-pairs. 

-- can also occur during transcription/translation, but that would only affect a single protein in one cell of the organism, therefore not as punitive.

-- mutations can also occur apart from base-pairing!  (ie. DNA can be mutated through exposure to certain environmental mutagens).

Causes of Mutations (Mutagens):


a.  Radiation -- UV rays, X-rays, Gamma Rays etc...


b.  Chemicals -- asbestos, smoking, pesticides, herbicides etc...

* thus, mutagens are environmental factors that cause mutations.

**If mutagens initiate mutation(s) in the sex cells (gametes = sperm/egg), the offspring may be affected; if mutagens initiate mutation(s) in the body cells, cancer might result.

Types of Gene Mutations (Frameshift or Point Mutations)
	Type of Mutation
	DNA Sequence and Replicated Strand
	Result

	Normal
	TAC GGC ATG T

ATG CCG TAC A
	Normalcy

	Base Deletion

(A deleted)

Type of Frameshift Mutation
	TAC GGC TGT

ATG CCG ACA 
	A single base is deleted; replicated strand ‘copies’ error as well; entire ‘reading frame’ shifted changing DNA triplets and subsequent mRNA codons.  

Different protein will result

	Base Addition

(T added)

Type of Frameshift Mutation
	TAC GGT CAT GT

ATG CCA GTA CA
	Similar to deletion, but a single base is added; replicated strand ‘copies’ error as well; entire ‘reading frame’ shifted changing DNA triplets and subsequent mRNA codons.  

Different protein will result.

	Base Substitution

(G subbed for C)

Type of Point Mutation
	TAG GGC ATG T

ATC CCG TAC A
	Error with ONE base only, thus, only ONE DNA triplet and therefore ONE mRNA codon affected.  ‘Reading frame’ is not shifted.

Different protein could result, but might not ( three general possibilities; see below.


Variable Results with Base Substitutions

1. SILENT MUTATION


- regardless of base substitution, coded amino acid remains the same.


- eg. ATG mutates to ATA ( mRNA codon changes from UAC to UAU, however both codons code for amino acid tyrosine…no problems!


- also known as redundant mutations, since there exists redundancy in the DNA/mRNA triplets/codons coding for amino acids (ie. 64 possibilities coding for only 20 amino acids).

Another example:


CAC GGC CTA AAT   DNA


GUG CCG GAU UUA  mRNA

valine--proline--aspartate--leucine  a.acids

CAC GGT CTA AAT  DNA


GUG CCU GAU UUA  mRNA

valine--proline--aspartate--leucine  a.acids

2. NONSENSE MUTATION


- when the base substitution codes for a STOP codon.


- protein will be shorter than it needs to be and will not be functional.


eg. ATG mutates to ATC ( mRNA codon changes from UAC to UAG (stop codon), and tyrosine is replaced by a release factor.

3. MISSENSE MUTATION


- when the base substitution leads to an amino acid substitution (ie. a different amino acid).


- might not make a tremendous difference if the replaced amino acid, say, was polar, and the ‘new’ amino acid is polar.  Protein might then ‘fold-up’ the same.


- however, if, say, a polar amino acid is replaced with a non-polar amino acid, the tertiary structure might be affected rendering the protein useless (non-functional).


eg. ATG mutates to GTG ( mRNA codon changes from UAC to CAC ( tyrosine (polar) changes to histidine (non-polar).

Mutated proteins might even reach their appropriate destinations, but will fail to function properly; cell could die if that protein is essential.
