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The Genetic Code 
· Each codon consists of three bases (triplet). There are 64 codons. They are all written in the 5' to 3' direction. 
· 61 codons code for amino acids. The other three (UAA, UGA, UAG) are stop codons (or nonsense codons) that terminate translation. 
· There is one start codon (initiation codon), AUG, coding for methionine. Protein synthesis begins with methionine (Met) in eukaryotes, and formylmethionine (fMet) in prokaryotes( N10- TF4). 
· The code is unambiguous. Each codon specifies no more than one amino acid. 
· The code is degenerate. More than one codon can specify a single amino acid. 
· For those amino acids having more than one codon, the first two bases in the codon are usually the same. The base in the third position often varies. 
· The code is universal (the same in all organisms). 
· The code is commaless (contiguous). There are no spacers or “commas” between codons on an mRNA. 
· Neighboring codons on a message are non-overlapping. 
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Mutations 
· A very common type of mutation is a single base alteration or point mutation. 
· A transition is a point mutation that replaces a purine-pyrimidine base pair with a different purine-pyrimidine base pair. For example, an A-T base pair becomes a G-C base pair. 
· A transversion is a point mutation that replaces a purine-pyrimidine base pair with a pyrimidine-purine base pair. For example, an A-T base pair becomes a T-A or a C-G base pair. 
· Mutation types include silent, missense, nonsense, and frameshift. 
Missence point mutation– sickle cell anemia (glutamate for valine)- renal problems due to occlusion of blood vessel by abnormal erythrocytes

Stop codon- nonsence – 3’ end-last codon- no major problem
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Effect of Some Common Types of Mutations on Protein Structure 
· Sickle-cell anemia results from a missense point mutation. 
Table I-4-1. Effect of Some Common Types of Mutations on Protein Structure 
Type of Mutation

Effect on Protein

Silent: new codon specifies same amino acid

None

Missense: new codon specifies different amino acid

Possible decrease in function; variable effects

Nonsense: new codon is stop codon

Shorter than normal; usually nonfunctional

Frameshift: deletion or addition of a base

Usually nonfunctional; often shorter than normal

Large segment deletion (unequal crossover in meiosis)

Loss of function; shorter than normal or entirely missing (α -thalassemia)
Splice donor or acceptor

Variable effects ranging from addition or deletion of a few amino acids to deletion of an entire exon (β - thalassemia- exon 2 of β- globin is lost; Tay-Sachs, and Gaucher’s disease)
Triplet repeat expansion

Expansions in coding regions cause protein product to be longer than normal and unstable. 

Disease shows anticipation in pedigree. (Huntington disease, Fragile- X syndrome, myotonic dystrophy)
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Large Segment Deletions 
· Large segments of DNA can be deleted from a chromosome during an unequal crossover in meiosis. 
· In a normal crossover event, the homologous maternal and paternal chromosomes exchange equivalent segments, and no genetic information is lost from either one. 
· On rare occasions, a crossover can be unequal, and one of the two homologs loses some of its genetic information. 
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· Effect of Some Common Types of Mutations on Protein Structure 
· -Thalassemia is a well-known example of a genetic disease in which unequal crossover has deleted one of more -chain hemoglobin genes from chromosome 16. 
Table I-4-1. Effect of Some Common Types of Mutations on Protein Structure 
Type of Mutation

Effect on Protein
Silent: new codon specifies same amino acid

None

Missense: new codon specifies different amino acid

Possible decrease in function; variable effects

Nonsense: new codon is stop codon

Shorter than normal; usually nonfunctional

Frameshift: deletion or addition of a base

Usually nonfunctional; often shorter than normal

Large segment deletion (unequal crossover in meiosis)

Loss of function; shorter than normal or entirely missing

Splice donor or acceptor

Variable effects ranging from addition or deletion of a few amino acids to deletion of an entire exon

Triplet repeat expansion

Expansions in coding regions cause protein product to be longer than normal and unstable. 

Disease shows anticipation in pedigree.
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Mutations in Splice Sites 
· Mutations in splice sites affect the accuracy of intron removal from hnRNA during posttranscriptional processing. 
· If a splice site is lost through mutation, spliceosomes may: 
1. Delete nucleotides from the adjacent exon. 

2. Leave nucleotides of the intron in the processed mRNA. 

3. Use the next normal upstream or downstream splice site, deleting an exon from the processed mRNA.
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Effect of Some Common Types of Mutations on Protein Structure 
· Mutations in splice sites have now been documented in many different diseases including -thalassemia, Gaucher’s disease, and Tay-Sachs.
Table I-4-1. Effect of Some Common Types of Mutations on Protein Structure 
Type of Mutation

Effect on Protein

Silent: new codon specifies same amino acid

None

Missense: new codon specifies different amino acid

Possible decrease in function; variable effects

Nonsense: new codon is stop codon

Shorter than normal; usually nonfunctional

Frameshift: deletion or addition of a base

Usually nonfunctional; often shorter than normal

Large segment deletion (unequal crossover in meiosis)

Loss of function; shorter than normal or entirely missing

Splice donor or acceptor

Variable effects ranging from addition or deletion of a few amino acids to deletion of an entire exon

Triplet repeat expansion

Expansions in coding regions cause protein product to be longer than normal and unstable. 
Disease shows anticipation in pedigree.
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Trinucleotide Repeat Expansion 
· The mutant alleles in certain diseases such as Huntington’s disease, fragile X syndrome, and myotonic dystrophy have an increased number of tandem copies of a trinucleotide. 
· The expansion of the trinucleotide repeat in the mutant allele can be in a coding region (Huntington’s and spinobulbar muscular atrophy) or in an untranslated region of the gene (fragile X and myotonic dystrophy). 
· In these diseases, the number of repeats often increases with successive generations and correlates with increasing severity and decreasing age of onset, a phenomenon called anticipation. 
Huntington disease- Huntington protein is abnormal (within the coding DNA), 3-4th decade of life, chorean movement, neurotoxicity
Fragile X- in the spacer DNA- repeat of CGG- long arm of chromosome X – FMR I gene- familial mental retardation - -affected males, 1/3 females-carrier; mental retardation, large ears, large mandible, 80% of pustpubert male has large testis
Table I-4-1. Effect of Some Common Types of Mutations on Protein Structure 
Type of Mutation

Effect on Protein

Silent: new codon specifies same amino acid

None

Missense: new codon specifies different amino acid

Possible decrease in function; variable effects

Nonsense: new codon is stop codon

Shorter than normal; usually nonfunctional

Frameshift: deletion or addition of a base

Usually nonfunctional; often shorter than normal

Large segment deletion (unequal crossover in meiosis)

Loss of function; shorter than normal or entirely missing (α- thalassemia)
Splice donor or acceptor

Variable effects ranging from addition or deletion of a few amino acids to deletion of an entire exon (β -thalassemia; Tay-Sachs  and Gaucher’s disase)
Triplet repeat expansion

Expansions in coding regions cause protein product to be longer than normal and unstable. 

Disease shows anticipation in pedigree.(Huntington disease, Fragile-X syndrome, myotonic dystrophy)




